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1. EXECYTIVE SUMMARY

Sediment dyn#aics in estuarine areas are controlled by a complex
interaction of phy:sical and biological processes. When most toxic
substances enter the estuary they become closely associated with the
sediment, thus, the factors that iafluence the movement of sediments must
be understood in order to predict the transport and fate of toxicants.
This study characterizes the biological processes that effect sediment
dynamics in the lower Chesapeake Bay. '

Benthic organisms (a very diverse group of invertebrates that -live on-
and in bottom sediments) have the potential to redistribute dissolved and
particulate materials within the sediments, and between the sediment and
water column. This activity of benthic organisms is generally referred to
as bioturbation. Depending upon the 1ife habits of the particular species
invoived their bioturbation activities may affect the distribution of toxic
substances by:

° mixing - causing newly arrived surface material to be quickly
buried or resurfacing older material

e ventilation - increasing the exchange between interstitial
water and the water column

¢ increasing sediment stability - decreasing the probability -
that buried material will be resurfaced

o decreasing sediment stability - increasing'the probability
that buried material will be resurfaced

o causing rapid sedimentation ~ through pellitization of fine
suspended particles

o ¢ausing erosion - by making sediment more easily transported

Analysis of our box core samples from around the lower Bay (Figure 1)
brought us to the following set of basic conclusions:
¢ The majority of the stations with large percentages of silt
and clay are found north of the Rappahannock River. Stations
south of the Rappahannock are mostly muddy sands. Sand
dominates the mouth of the Bay and along the Eastern Shore.

R
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¢ Many of naturally occurring particles that compose the
sediments are organic-mineral aggregates that zre destroyed
during classical grain size measurement tecimiques. These
aggregates cannot be neglected in considering the dynamics
of deposition and transport of toxic substances. Microscopic
analysis showed an average of 69% of the particle species
showed a positive reaction for the presence of organic matter.
All stations exhibited great similarity in the percent
abundance distribution of the different natural particles
despite wide differences in grain size as derived from
conventional analysis. The larger organic-turineral
aggregates are certainly fecal pellets, created by the
feeding activities of the benthcos. Smaller amorphic
aggregates are most likely formed in the decay of fecal
pellets.

Organisms capable of bioturbating sediments were found to
occur over the entire lower Bay. Populations were numerically
dominated by euryhaline opportunists. These species are v
extremely dynamic and occur over a wide range of galinities :
and sediments. Their populations tend to wary a great deal
both spatially and temporally. A large number of equilibrium
species were also found. While not numerically dominant they
tended to be the biomass dominants. A pattern along the

salinity gradient alsc exists, with the poivhaline Zone having

the greater number of individuals and species tham the.
mesohaline zone.

The majority of the benthic organisms in-the lower Bay are
fecund in the top 10 cm of sediment. Muds have the fewest
deep dwelling organisms, muddy sands an intermediate number)
and sands the highest number. While there are a greater
number of individuals and species in the polyhaline zone
compared to the mesohaline zone the proportion of deep
dwelling organisms is similar in both salimity zones.
Polychaetes were the most speciocus groups to live deep
(>10 cm) in the sediment. All major tazomomic groups

had deep dwelling representatives. Most of the deep
dwelling species, were not numerically dominant, but due
to their large size were capable of processing large
volumes of sediment.

Nonte of our cores were without some evidence of bioturbation.
The vast majority of the cores were 90 to 997 bioturbated.
Those that had the least amount of bioturbztion tended to be
in the upper part of the study area, hLave fiuid mud surfaces,
or have high amounts of coarse sand and gravel. Physical
structures, mostly mud or sand laminations, dominated the
muds in deep channel areas and deep holes where pericidic
summer anoxia allows only the temporary settling of
opportunistic species which tend to be shallow bioturbators.
Muds in shallower areas contain more species and more
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bioclogical structures. Most of the muddy sands of the lower Bay
are dominated by both living and abandoned biogenic structures.
Sands are most uniformly mixed from bicturbation activities and
show little biogenic structure other than tubes of living
organisms. Muds tend to have a more tube or burrow oriented
sedentary community while sands have a more mobile fauna

causing a more uriform bioturbated sediment fabric.

The density of biogenic structures of living organisms is
highest in the top 2-3 cm of sediment, but structures are
common to 15-20 cm and have been observed below 50 cm.

This would indicate mixing to be most rapid near the surface
and decrease with depth. Back filling of abandoned burrows
- and tubes is an important means of quick burial of surface
material to-depths of 5 to 40 cm or more.

These findings all have implications that must be considered for the .
management of toxic substances and for medeling their distribution and fate

in estuaries. The benthos directly and/or indireccly influence the chemical

gradients within the pore waters. They also figure very predominantly in
mixing and turnover of the sediments, Our study indicates that bioturbation
will be most intense in the top several centimeters, but that most areas of
the lower Bay have large organisms penetrating to 30 cm or more. Most of
the Bay bottom is biocturbated, with the least biorurbation occurring in
deep holes where fluid mud and pericdic anoxia limit the development of

benthic populations. The mechanisms of toxic transpert by the benthos can
be summarized as follows:

¢ Feeding activities
¢ gubsurface to surface movement
‘¢ sedimentation through pelletization

° Burrowing activities
° subsurface to surface movement
°o lateral movement within sediments

¢ Tube building
o gtabilization of surface
° jincrease in sedimentation

° Ventilation of burrows or tubes
° alter pore water profiles
° increases flux between sediment and water column

All these activities in some way affect the mass properties of sediments and
the dynamics of estuarine sedimentation. Any medel for predicting the
movement of toxic substances within or between the sediment and water must
include biological mixing coefficients. Models not considering the benthos
may erroneously predict permanent burial of 2 toxicant within a short time
vhen in fact the toxicant could be buried and resurfaced many times beforz
sedimentation removes the toxicant from the biologically active zone.
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IT. INTRODUCTION

One of the prime objectives of the EPA Chesapeake Bay Program has been
to obtain the information necessary to predict the distribution and ultimate
fate of toxic materials entering the Chesapeake Bay system. Most toxicaants
entering the water column become closely associated with particulate
materials which eventually settles to the bottom as sediment. Thus, a
thorough understanding of sediment dynamics and chemistry is necessary
to understand the movement of sediment-bound toxicants through the Bay
system.

With the exceptions cof azoic or rapidly accumulating environments, most
sediments are inhabited by benthic organisms which have the potential to
redistribute disseolved and particulate materials within the sediments. In
the Chesapeake Bay faunal composition and abundance change with substrate
type and salinity gradients (Boesch 1977, Roberts et al. 1973). These
faunal changes are reflected in the type and degree of influence benthic
organisms have on both sedimentological and geochemical profiles (Winston
and Anderson 1971, Aller 1978}.

Depending on their life histories and living positions, benthic
organisms may increase sediment stability (Fager 1964, Mills 1967),
decrease sediment stability (Rhoads and Young 1971, Thayer 1979), increase
the sediment accumulation rate (Haven and Morales-Alamo 1966, Lynch and
Harrison 1970) or increase erosion (Rowe 1974). All of these processes -
indirectly influence the fate of sediment-bound toxicants. Benthic
organisms may also affect the distribution of toxicants through their
burrowing and feeding activities which displace materials, both
horizontally and vertically, or threough burrow ventilation which
effectively increases the exchange between interstitial waters and
the overlying water columm (Aller 1978).

This study was designed to obtain information on the animal-sediment
relationships in tue Chesapeake Bay as a means of assessing the relative
importance cf benthic macroinvertebrates in determining the distribution
and fate of sediment-borne toxic substances. Large volume box cores for
biological examination were collected simultaneously with cores taken by
Maryvland Geclogical Survey for interstitial water chemistry. Vertical
distribution of organisms within the cores was utilized as a means of
determining the depth of biological mixing. The vertical distribution
of organisms n2s been found to be correlated to the depth of mixing by
Krezoski et al. (1978). Ve also employed an X-ray technique established
by Howard and Frey (1375) to determine the relative amounts of mixing in
different areas of the estuary as well as the types of biogenic structure
produced by resident organisms. Our last approach involved a microscopie
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study of the sediments to aid in the conceprualization of the effects animals
have on altering grain size properties.. This information wa. used to
formulate hypotheses regarding the effect benthic organisms have on

interstitial chemical profiles and sediment dynamics.
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III. METHODS

A joint cruise with Maryland Geological Survey was made in September
1978. Twentyv-five stations in the Virginia portion of the Chesapeake Bay
were sampled with a box corer for biological studies and a gravity corer
for chemical studies. An additional 3 stations were sampled by box corer
on a separate cruise in late April 1979 in order to perfect newly developed
core processing techniques. A second joint cruise with Maryland Geclogical
Survey (sediment chemistry) and National Bureau of Standards (water column
chemistrv) in June 1979 visited a final 25 stations. The resulting data
includes detailed biological and chemical profiles from 50 stations
representing the various sedimentary and ectuarine environments of the
lower Bay (Fig. 1).

Biological sampling was accomplished using a U.S. Navy Electronics
Laboratory spade box corer. The box corer takes an undisturbed sample

encompassing a surface area of 0.062 m? with a maximum penetration of 60
cmg ~

Once the box core was retrieved any overlying water was carefully
siphoned off and surface topography (ripple marks, fecal mounds, burrow
openings, tube density, surface traces) was observed and recorded. One
side of the box was removed and a 6 cm thick vertical slice was cut,
placed in a water tight plexiglass container and refrigerated for later
radiography. The remainder of the box corer was measured for depth of
penetration and then a small sedimeni sample was taken at vertical intervals
of 0, 2, 5, 10, 20 and, if possible, 40 cm and preserved in 70% ethyl
alcohol for later staining and microscopic examination. The remainder

of the core was placed intact in a water tight plexiglass container and
stored in a freezer.

The 6 cm section was trimmed to a 2 cm thickness for radiographic
examination. This is thought to be the ideal thickness for examining
biological and sedimentological structures (Howard and Frey 1975). We
used a Torr 120 kv. x-ray machine with 14 x 17 Kodak AA Industrial x-ray
film. Voltage, amerage, exposure time and development time was recorded

~ for each radiograph. Color and/or black and white photographs were taken

of each core for further visual documentation and comparison. The degree
of bioturbation at a station was visually estimated from x-radiographs of
the vertical core sections using criteria cutlined in Howard and Frev

(1973, 1975). This technique involves estimating the amount of physical

‘structure observable in radiographs versus the amount that has been

altered by biological activities including tube building and mixing.
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The other frozen box core sectiom was cut into 5 cm horizons. A
sediment sample was saved for grain size analysis. Each horizon was
dissected to uncover an organism's position and associzted biogeric
Structures. The organisms were removed, identified and preserved in 70%

ethanol., The disaggregated sediment was.sieved through a 0.5 mm sieve to

Intormation derived from'dissections, sieves samples and radiographs was
used to construct a three dimensional distribution map of organisms for
each core (See Appendix C).

The small sediment samples taken at vertical intervals along the core
were microscopically examined in order to classify particle types. A

of carbohydrates and carbohydrate-proteing (Humason 1967)._ Details of
staining procedure is given by Whitlatch ang Jobnson (1974). Smalil

glycerol mounting medium. Fields were randoﬁly chosen wntil the first
300 particles on each of 2 slides were measured and identified into the

following categories at 400X:

Non-Encrusted
Mineral Grains - Encrusted Mineral Grains ' HMineral Aggregates
<25 um <25 ym <25 um
25-50 fm © 25-50 um  25-100 pm
50-~100 um : 50-100 um 100-300 um
100-150 um 100-150 um ' 300-5C0 um
. . >500 ym

A scan of the entire slide at 100X was made to count less frequently
occurring particles (fecal pellets, plant tissue, diatoms, etc.).

Problems arose in attempts to perform all analyses on one box core.
Also, freezing the core resulted in poor preservation of biological
specimens, thus making identifications difficule, A separate cruise was
made in April 1979 to perfect new sampling Procedures. “Two box cores
rather than one were taken at each of three stations (163, 104 and 105).
One box core was used for an x-ray sample (taken as before) and the
remainder was dissected on board rather than frozen and transported to
the laboratory. The other box core was divided on board at intervals of
0-2 cm, 2-5 cm, 5-10 cm, 10-15 cm, 20~30 cm, 30-40 cm and 40-50 c¢m.
Sediment -samples for grain size and microscope analysis were taken at
each interval before sieving through a 0.5 mm sieve on board. All
biclogical samples were preserved in 107 formalin. Biological samples
were sorted, identified and transferred to 707 ethanol as before. These

techniques proved more successful and were eraloyed on the June 1979
cruise. :
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IV, RESULTS

A. Sediments

Table 1 lists the percent sand, silt, and clay for the vertical
intervals taken down each core. The majority of the stations with large
percentages of silt and clay are found north of the Rappahannock River.
Stations south of the Rappahannock River are mostly muddy sands. Sand
dominates the areas at the mouth of the Bay and along the Eastern Shore.

Most of the cores are fairly homogeneous, but a few show some large
vertical variations., Sediments at Station 27 in Pocomoke Sound contains
mostly fine sand (55%) with little gravel (.2%) in the top 5 cm. At the
20-25 cm layer the gravel content has increased to 20Z and fine sand has
decreased to 15%. Sediments at Stations 37 and 39 are mostly medium sand
in the top 5 cm, but become coarser towards the deeper layers. Statiom 41
has alternate layers of low and high gravel content sediments.

Station 77 has high percent silt-clay sediments in the top 5 cm {45%)
but this drops to 12.5% in the 10-15 em layer before increasing to 307 in
the 20-40 cm layer. Station 78 exhibits the west dramatic example of
vertical sediment change. The top 10 c¢m contains 90% mud sediments, but
the next layer (10-15 cm} only 28% mud.

Sediments at Station 80 fluctuate considerably in % sand with depth.
Sediments at Stations 89 and 91 increase in their percent mud and coarse
sand with depth. Stations 28 and 49 are the only two stations which have
a consistent gradient of increasingly muddy sediments with depth.

The most common vertical variation found in cores is an increase of
coarser material with depth, the next most frequent cccurrence is random
fluctuations, and the least common is an increase of finer materials with:
depth. Vertical variations represent changes in the energy environment or
source of sedimentary materials..

Table 2 lists the sedimentation rates at the different sampling sites.
Most stations have net deposition rates on the order of .5 to 1.5 em/yr.
_Stations 26, 86, 94 and 96 have deposition rates greater than 1.5.. Except
for Station 96, all have high silt clay contents. Station 96 with the
largest deposition rate (2.64 cufyr) is located in a shoal area just east
of the York Spit Channel and south of a large discontinued spoil dump area.
Stations 44, 50, 90, 91, 97, and 100 have negative deposition rate

_indicating erosion in these areas. All these areas have cleéan sands

and except for stations 90 and 921 occur at or very near the mouth of the
Bay. Both stationg 90 and 91 occur in shallow high energy environments.
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Table 1 . Grain size distribution from vertical sectioning of 3
box cores. g
Section . :
Depth %Z gravel 7 sand % silt % clay
Station 26
~0-5 ¢m missing
5«10 trace 11.6 50.9 37.5
10-15 0.1 6.0 53.0 40.9
15-20 0.1 6.3 50.8 42.8 -
. 20-25 missing
25-30 0.1 10.6 47.2 42.0
30-35 trace 2.5 46.5 51.0
35-40 0 2.7 48.5 48.8
40-43 4] 4.1 49.5 46,4
Station 27
0-5 cm 0.2 85.8 8.6 5.4
5-10 0.1 92.8 3.9 3.2
10-13 0 92.7 3.9 3.4
15-20 6.0 83.2 5.4 5.4
20-25 19.9 73.9 2.9 3.3
25-30 16.8 71.2 5.1 6.9
Station 28
0-5 cm 1.3 85.3 5.0 8.4
5-10 1.4 88.5 3.3 6.8
- 10-15 5.1 78.1 6.0 10.8
15-20 1.4 62.1 : 15.3 21.1
20-27 5.5 56.7 16.9 20.8
Station 29
0-5 em trace 96.4 0.9 2.6
5-10" 0.1 97.6 0.7 1.5
10-15 0.1 97.3 0.6 2.0
15-19 0.1 96.6 1.2 2.1
Station 30 -
0-5 cm 0.2 19.6 41.8 38.4
5-10 0 15.9 56.3 27.8
10-15 0 35.3 30.6 34.1
15-20 4] 16.8 41.3 41.9
20-25 0 31.3 35.2 33.5
Station 31 :
0-53 cm 0.1 1.1 51.5 47.3
5-10 0 0.6 55.4 44.0
16-15 0 2.6 54.0 43,5
10
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Table 1  (continued)

Section e *

Depth % gravel % sand Z silt % clay
Station 32
0-5 em 0.2 58.7 25.3 15.8
. 5-~10 0.4 52.2 27.2 20.2
10-15 - trace 52.4 27.9 19.6
15-25 0.1 54.4 25.9 19.5
Station 33
0-5 com missing ’
5-10 0.2 44,5 38.1 17.2
10-40 missing
Station 3%
0-5 cm 0 21.6 52.0 26.4
5-10 0.1 13.6 53.7 27.6
10-15 0 21.4 53.5 25.0
15-21 0 13.0 53.6 33.4
Station 35
0-5 cm 0.2 38.5 41.6 19.7
5-10 missing
10-15 0. 43.1 36.4 20.6
15-20 0 42.6 34.9 22.5
20-25 ] 35.7 40.2 25.0
25-30 gErace 44,1 24.9 31.0
30-38 (4 39.6 36.1 24.3
Station 36 missing
Station 37 .
0-5 cm 10.8 84.4 1.7 3.2
5-10 18.3 72.8 3.6 5.2
10-18.5 25.5 64.4 4,5 5.5
Station 38
0-5. cm 0.7 41.7 39.8 - 17.8
5-10 1.6 38.1 39.6 20.5
10-15 missing :
15-20 0.3 21.6 51.2 26.9
20-25 0.2 22.5 52.0 25.3
25-30 0.3 26.0 48.5 25.2
30-35 0.7 34.1 42.4 22.9
35-40 6.3 34.0 44,1 21.7
40-45 0.6 34.1 42.3 23.0
45-51 0 21.3 48.7 30.1
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Table 1 (continued)

12

Section o
Depth %Z gravel % sand Z silt % clay
‘Station 39
0-3 cm 1.7 95.7 0.5 2.0
5-10 4.8 92.0 0.8 2.4
10-16 32.7 59.4 3.3 4.6
Station 40
0-5 cm 0 90.4 4.1 5.5
5-10 0 88.6 5.5 5.8
10-i5 trace 88.1 4.9 6.9
15-20 G.2 86.. 5.8 7.8
20-25 0.5 86.7 5.0, 7.8
25-33 0.6 84.8 6.3 8.3
Station 41
0~5 cm 5.8 78.8 5.8 9.5
5-10 14.7 63.0 8.7 13.6
10-15 11.8 61.1 13.1 14.0
15-20 7.4 56.2 13.5 22.9
20~-24 27.4 46.4 9.9 16.4
Station 42
0-5 em 0.7 73.3 1 16.0 10.0
5-10 0.1 61.8 24.5 13.6
10-15 0 67.4 19.9 12.7
15-20 trace 67.7 19.8 12.5
20-25 missing
25-30 0 66.4 18.6 15,9
30~36 trace 68.9 19.5 11.6
Station 43 i
0-5 c¢m 1.4 69.4 20.0 9.2
5-10 missing
10-15 1.8 73.9 14.9 9.3
15-20 1.0 80.0 12,2 6.8
20-24 0.1 79.9 13.5 6.5
Station 44
0-5 cm 2.0 91.3 2.3 4.5
5-10 1.3 87.8 3.2 7.7
10-13 missing
Station 45
0-3 cm 0.6 95.1 1.4 2.9
5-10 0.7 95.8 0.9 2.6
10-15 - 3.7 90.9 1.8 3.6
15-20 0.9 85.9 5.0 8.1
20-27 3.9 83.1 5.7 7.2
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Table 1 (continued)

Section

Depth % gravel Z sand % silt 7z clay
Station 46
0-5 cn 3.1 82.0 . 8.8 9.2
5-10 0.1 82.4 10.4 7.0
10-18 0.5 73.9 14.5 11.1
Station 47
0-5 cm . 0.1 79.8 11.4 8.7
5-10 missing
10-15- trace 56.6 L 26.9 16.5
15-20 0.5 62.5 22.3 14.6
20-25 trace 72.1 15.3 12.6
25-30 0.8 71.2 13.2 14.9
30-38 0.1 57.1 20.4 22.4
Station 48
0-5 6.1 72.8 18.0 9.1
5-10 0.2 81.0 11.9 6.9
10~18 0.2 81.0 12.1 6.6
Station 49 :
0-5 1.0 60.6 26.8 11.5
5-19 0.6 58.1 25.2 - 16.0
10-15 . 0.2 53.2 26.5 20.1
15-20 0.1 51.6 30.0 18.3
- 20-25 0 50.4 29.5 20.1
25-30 trace 47.3 . 29.86 23.1
30-35, trace 46.6 29.3 24,1
35~40 : 0.1 42.8 31.2 25.8
40-55 0 : 33.6 38.9 27.6
45-50 . trace 40,0 34.1 25.9
50-55 trace - 39.0 35.2 25.8
Station 50 '
0-5 cm missing
5-10 0.2 9C.6 “ 4,7 4.6
10~15 0.1 88.8 5.4 5.7
15-22 0.1 90.1 4.9 4.9
Station 76
: 0-2 em ©  trace 4.0 47.5 48.5
2-5 0 6.7 49.8 43.5
5-10 0 3.8 56.0 40.2
10-15 0.1 4.3 '53.6 - 41.9
15-20 0.1 3.8 54.6 41.5
20-30 0.1 5.6 56.7 37.7
30-40 5.6 51.8 42.7

13
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Table 1 (continued)

Section
Depth . % gravel 7% sand Z silt % clay
Station 77 v
0-2 0.3 54.3 18.2 . 27.2
2-5 0 85.2 5.9 8.9
5-10 0.1 25.9 5.6 9.4
10-15 trace 87.5 4.0 8.5
15-20 1.1 68.5 8.4 13.0
20-30 0.7 65.6 13.1 20.7
30~40 ) 0.3 69.5 12.2 " 17.9
Station 78
0-2 0.2 9.8 48.8 £1.1
2-5 0.2 10.7 46.2 42.9
5-10 0 11.9 53.6 34.5
10-15 0.7 71.6 12.4 15.3
15-20 0.1 72.7 13.7 13.5
20-30 0.6 77.3 10.9 11.1
30-40 0.4 20.4 9.5 9.7
Station 79
0-2 1.3 2.9 41.2 54,6
2-5 0 0.3 50.4 49,2
5-10 C.1 3.7 45.9 50.3
10-15 0.2 3.9 46.9 49.1
15-20 trace 4.9 47.4 47.6
20-30 o 5.2 46.5 48.3
30-40 0 4.2 45,5 50.2
Station 80
0-2 0.1 66.3 21.4 12.2
2-5 0 S54.1 31.6 14.3
5-10 0.1 29.4 47.4 27 1
10-15 0 41.7 36.6 21.6
15-20 0 31.0 43.8 25.2
.-20-30 trace 56.3 27.1 16.5
30-40 0.4 59.3 26.5 13.8
40-50 , 0.3 48.1 31.8 19.8
Station 81 .
0-2 cm 0.1 68.5 18.9 S 12.5°
2-5 2.7 74.1 11.0 - 12.1
5-1¢ 0.7 65.6. 16.7 16.9
10-15 0 68.7 15.2 16.0
15-20 1.2 68.3 13.7 '16.7
20-30 0.8 44.6 25.1 29.4
30-40 1.7 66.2 15.9 16.3
40-50 0.9 60.9 18.6 19.5
14




- Table 1 (continued)

Section
Depth %Z gravel % _clay
Station 82 :
0-2 cm 0 46.4 52.5
2-5 0 52.3 45.5
' 5-10 0 51.4 46.2
10-15 0.1 43.1 56.4 °
15-20 0 45.3 54.0
20-30 0 47.5 50.5
Station 83
0-2 cm 0.6 £9.5 - 46,6
2-5 0 47.3 50.8
5-10 0 51.7 46.6
10-15 0 48.2 50.0
15-20 trace 50.2 48.3
20-30 0 45.4 53.0
Station 84
0-2 ecm 0.3 9.9 26.9
2-5 0 8.9 31.0
510" 0 5.8 38.5
10-15 0 9.0 34.3
15-20 0 11.3 28.9
20-30 0 14.3 29.4
30-40 0.1 5.0 39.7
Station 85 .
0-2 cm 0.4 - 39.5
2-5 trace 36.9
5-10 0.3 36.5
10-15 (4] 34.6
15-20 0.1 31.7
20-30 missing
30-40 0 37.3
40-50 0 39.8
Station 86
' 0-2 cm 0.2 49.8 47.3
2-5 0 45,7 53.2
5-10 0.1 52.5 45.2
10-15 0.2 51.8 46.1
15-20 1.0 48.6 43.2
20-30 0 50.2 48.3
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Table 1 (continued)

Section
Depth 7Z gravel % sand 7% sil % clay
Station 87
0-2 em trace 6.0 73.6 20.4
2-5 0 8.6 67.2 24,2
5-10 ¢ 10.1 63.2 26.7
10-15 0.1 10.9 62.4 26.6
15-20 0 10.0 62.7 27.4
20-30 0 7.4 58.4 - 34,2
30-45 0 9.0 56.8 34.2
Station 88
0-2 cm 0.4 35.1 46.0 18.5
2-5 0.1 42.5 35.9 21.5
5-10 0 29.5 48.5 22.1
10-15 0 26.9 47.6 25.4
15-20 C.1 27.1 50.3 22.5
20-30 0 27.9 49.5 22.6
30-40 0 25.4 49.1 25.4
40~-50 0.2 24.7 48.4 26.8
Staticn 89
0-2 cm - 0.1 82.3 8.4 9.2
2-5 0.1 87.7 5.5 6.8
5-10 trace 92.5 3.0 4.5
10-15 - 0.3 89.9 4.3 5.5
15-20 0 84.1 5.8 10.1
20-30 1.2 87.8 1 6.5
Station 90
-0-5 cm 0.2 96.6 0.6 2.6
5-10 - 0.3 97.2 0.4 2.0
10-18 0.7 97.7 0.3 1.4
Station 9] -
0~-2 c¢m 0.2 96.8 0.8 2.2
' 2-5 0 96.6 0.5 2.8
5-10 0.1 97.7 G.3 1.8
10-15 0.1 96.1 1.5 2.3
15-20 1.3 95.0 1.2 2.5
Station 92
c-2 0 0.3. 49.5 50,2
2-5 0 0.5 54.6 44.9
5-10 missing
10-15 ] 0.3 49,2 50.4
15-20 0 1.1 49,2 49.6
20-30 0 0.4 48.6 51.0
30-40 0 0.3 49,7 50.0
40-50 0 0.4 47.8 51.7
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Table 1 . {(continued)

(S

Section
Depth % gravel % sand % silt % clav
Station 93
0-2 em g.1 5.5 59.9 34.5
2-5 0.2 9.4 62.0 78.3
5-10 6.6 11.7 58.7 28.9
10-15 0 8.9 58.3 32.8
15-20 0 14.3 56.3 29.4
20-30 0.1 15.3 52.4 32.2
30-40 0 12.9 55.9 31.2
40-50 0.5 8.7 57.0 33.7
Station 94
0-2 cm 0.1 56.8 30.2 12.9
2-53 0.1 67.9 21.4 10.6
5-10 0 €2.0 26.0 11.9
10-15 0 54,9 29.9 15.2
15-20 0 54.8 31.5% 13.8
20-30 0 49,5 34.9 15.€
30-42 0 58.2 25.6 16.2
Station 95 ] .
0-2 cam 0 8.8 53.2 38.0
2-5 trace 106.0 50.0 40.0
5-10 0 5.4 53.4 41.2
10-15 o 7.2 53.2 39.6
15-20 0 6.4 52.6 41.0
20--30 0 7.2 ©50.3 42.5
30-40 trace 7.8 51.1 41.0
40-50 : 4] 12.7 50.3 37.0
Station %6
0-2 0.1 92.9 2.8 4.2
2-8 0.1 93.6 2.7 ‘3.6
Station 97
0-2 cm 1.8 65.8 %*32.3 silt & clay
2-5 trace 67.0 20.6 ' 12.3
5-10 trace 76.9 ‘ 13.3 ‘9.8
- ' 10-15 trace 79.9 11.3 8.8
15-20 0 63.0 24.9 C12.1
Station 98
0-2 cm 12.7 68.1 8.4 10.8
. 2-5 4.4 77.1 6.8 11.8
- 5-10 5.7 80.4 5.5 8.3

17
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Table 1 (continued)

Section
Depth % gravel 7% sand %Z silt % clay
Station 99 ’
0-5 cm 0.2 73.0 16.2 10.6
5-10 - trace 62.0 20.4 17.6
10~15 0.3 65.1 18.0 16.6
15-20 0.5 64.0 17.0 18.5
20-30 0.7 57.1 20.6 21.6
30-40 0.5 63.4 19.9 16.2
Station 100 missing
Station 103
0-2 cm missing ‘
2-5 0.3 70.9 14.2 14.6
5-10 0.3 78.8 11.9 8.9
10-20 0.2 66.4 18.7 14.7
20-37 0.1 66.1 19.0 14.8
Station 104
0-2 cm 0.6 30.8 43.6 25.0
2-5" missing v
5~10 0.2 49.0 31.0 19.8
10-15 missing '
15-20 0 61.3 19.5 19.2
20-30 trace 50.3 29.7 20.0
30-40 0.1 61.5 18.7 19.8
Station 105
0-2 cm 0.1 638.1 19.1 12.8
2-5 0 61.7. 23.5 14.8
5-10 0.1 58.9 23.9 17.1
10-15 0 49.3 32.0 18.7
15-20 trace 53.4 28.0 18.5
20-130 0 63.0 19.6 -17.5
30-40 0 68.3 15.3 16.4
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Table 2. Net sedimentation rates predicted for box core
station locations®. o

Sedimentation rate - - depth

Station cm/yr (ft)
26 1.80 98
27 .76 12
28 ‘ - .82 - 82
29 .40 33
30 v .58 88
31 ‘ 1.85 b4
- 32 .97 46
© 33 .74 35
34 .75 39
35 .56 39
36 .6& : 37
37 . .96 22

38 .82 . 37
39 . .57 : 43
40 .57 42

41 .33 46
42 : 0% 38
43 0. 38
44 -.22 24
45 .81 .29
46 W42 _ 24
47 .11 44
48 1.46 28
49 missing : 38
50 -.08 58
75 .59 98
77 1.05 65

78 1.47 78 )
79 .35 60
80 .58 58
81 .86 : 51
82 : 1.46 80
- 83 : <83 : C 40
84 . .85 42
85 .83 39
86 1.59 61
87 .62 - 33
88 ' missing 38
89 .39 40
90 -.65 26
91 -.44 30
92 70 20
19
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Table 2 (continued)

v Sedimentation rate depth
Station cin/yvr : (ft)
93 ] 1.01 : 43

94 -2.20 . 55

95 1.22 35

96 2.64 27

97 7 -1.02 110

98 . missing- ' €1
99 A1 - . 55

100 -1.08 62

* Information taken from Annual report of EPA grant
R806001010 Baseline sediment studiés to determine
distributiocn, physical properties, and sédimentation
budgets and rates by Robert J. Byrne, Carl H.

Hobbs III, and Michael J. Carronm. 1979.
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8. Faunal Composition and Abundance

A total of 34,811 individuals representing 173 taxa were cecllected.
Polychaetes were by far the most ‘numerous (21,592 individuals) and diverse
(8% species) benthic invertebrates, with crustaceans second (8,491
individuals, 39 species), and molluscs third (4,499 individuals, 35
species). Miscellaneous groups were represented by 229 individuals
and 15 species (see Appendix A for species list).

A great disparity existed between the number of individuals collected
on the September 1978 cruise and the number collected on the June 1979
cruise.  In September, 1978 4,197 individuals were collected. Polychaetes
represented 10% of the total, crustaceans 827, molluscs 7% and miscellaneous
taxa 1%. :

On the June 1979 cruise 27,326 individuals were collected, almost a 7
fold increase. . Polychaetes had the greatest relative increase with 69% of
the total. Relative to the total, crustaceans decreased to 172Z, molluscs
to 137 and miscellaneocus groups to less than 1Z.

Aside from the numerical disparity between the two seasons, a shift in
dominance from one set of species to another occurred. Using McCloskey's
Biological Index (McCloseky 1970) a rarting dominance can be given that is”
representative of each species abundance and frequency. The five dominant
species in the fall collections were: 1) Pseudeurvthoe ambicua (polychaete),
2) Paraprionospio pinnata (polychaete), 3) Retusa canaliculata (gastropod},
4) Ampelisca abdita (amphipod), and 5) Nereis succinea (polychaete). In
the early summer collections the five dominant species were: 1) Streblospio
benedicti {(polychaete}, 2) Pectinaria gouldii (polychaeté}, 3} Pseudeurythoe
acbigua azbigua (polychaete), 4) Paraprionospio pinnata {(pelychaete}, and 5)

Mulinia lateralis (bivalve). Streblospio benedicti was not ameong the top
20 in the fall, while Pectinaria gouldii was ninth and Mulinia lateralis
was seventh.

Some of this disparity can be explained by the sampling of different
stations as well as a change in techniques (see Methods secticn). Most of
" the numerical disparity and species dominance shift from fall to spring can
be explained by spring juvenile recruitment, especially oy fecund surface
dweilers such as Streblospio benedicti, Polydora ligni, Mediomastus ambiseta,
Mulinia lateralis and Pectinaria gouldii. Boesch et al. (1$76), in
discussing the seasonality of benthic communities in Chesapeake Bay,
netes that although recruitment takes place all summer long, only spring
and fall recruitment contribute significantly to.the adult population.
Predation by epibenthic predators such as the blue crab and f{ish can
reduce the. populations of these prolific surface dwellers during the
summer (Virnstein 1977). By September, the benthos is prebably at its
lowest population levels, 2s reflected by the samples taken at this time.

Table 3 lists the common species found in the study with information on
occurrence, feeding type, biogenic activity and habitat preferences.

21
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c. - Spatial Patterns in Distribution

To facilitate the discussion of species distribution patterns, stations
have been categorized into major salinity and substrace habitats (Table 4).
We have adopted the Venice classification of salinity zones for estuaries
(Symposium on the Classification of Brackish Waters 1958). ‘Stations were
differentiated between the meso-polyhaline transition zone and the polyhaline
zone By the occurrence of species restricted to higher salinities (i.e.
Micropholis atra, Nuc¢ula proxima, Yoldia limatula). Station differentiation

between the polyhaline and the poly-euhaline transition zones was based on
the occurrence of stemchaline continental shelf species (i.e. Goniades
carolinae, Glycera robusta, Spiophanes wigleyi, and various syllid species).
Some of the stations in the meso—polyha‘lnﬂ transition zone included

statlons sampled by Maryland Geological Survey.

A similar strategy was employed in differentiating sediment type.
Ignorirg eurytopic species, we used less frequent, but common species to
determine biologically meaningful sediment differences. Species which
occur at either end of the mud-sand spectrum tend to be more restricted
to their habitat than species occurring in mixed sediments (Purdy 1964).
Mud stations usually had less than 10% sand and contained species which
do not occur normally in sand (i.e. Asychis elongata, Ogyrides limicola,

© Macoma balthica). Sand stations hnad less than 15% sand and were character—

ized by sand specific species (i.e. Sabellaria vulgaris, Trichophoxus
epistomus, Owenia fusiformis, and Monoculodes edwardsi). Sediments with
a more even mixture of mud and saznd were considered as mixed sediments.

The dominant species in each of the 8 habitats sampled in the lower Bay
are listed in Tablie 5.- Eight species occur among the 10 dominant organisms
in more than half of the habitat types. This reflects the relatively
opportunistic tendencies exhibited by these species. The ubiquity,
dominance, and irruptive population dynamics of these organisms make
it difficult to understand patterns in distribution. Rhoads et al.

(1378) have pointed out the importance of sea-floor disturbance in
determining the distribution of most opportunistic species, yet disturbance
is a difficult parameter to quantlfy particularly when it is not of a

catastrophic nature,

Tests of significance (t~test, Sokal and Rholf 1969) were used to
compare numbers of species between various sediment types, salinity.
zones, and seasons. There was a highly significant (p=0.01) increase
in the number of species from the 9/78 sampling to the 6/79 sampling.

There were no significant differences between substrates within aay one

salinity zone for the fall sampling. There was a significant (p=0.05)
substrate difference in the pclvhaline zcne for the June 1979 sampling,
with mud having fewer species thaz either mixed or sand substrates.
Haven et al. (1967) sampling the polyu=line zone of the York Rlver alsc
found fewer species in the mud than in sand.

Significant differences also existed in the comparisons between
salinity zones. The meso-polyhaline transition zone had fewer species
than the polyhaline zone in both seasons. Boesch (1972) found a similar

gradient in species diversity from areas of higher sallnlty to. areas of
lower salinities. :
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Table 4. Major salinity and substrate habitats sampled.

Station Numberg*

September~October 1978

Salinity Mud Substrate Sand
Meso-Polyhaline 23, 24, 25, 30, 31 22, 32, 34 20, 21, 25, 27
transition » 28, 29
Polyhaline none 35, 38, 41, 52, 43 36, 37, 39, 40
Poly-Euhaline none 46, 47, 48, 49 44, 50
transition
June 1979

"Salinity Mud " Substrate Sand
Meso~Polyhaline 23, 24, 76, 78, 79, 21, 77, 86, 81 25, 65
transition 82, 83, 84, 85, 86
Polyhaline 87, 92, 93, 95 88, 94, 98, 99, 89, 50, 96

103, 104
Poly-Euhaline none 97, 105 91, 100
transition

* Stations 33 and 45 not included in the analysis due to inadequate sampling.
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Table 5. Domihant species and their depth distriburion in each major

s o &

CNOONAON D WN

[

°

io.

habitat based on the biological index of HeCloseky (1970).

Meso-polyhaline mud

Streblospio benedicti
Ampelisca abdita
Nereis succinea
Mulinia lateralis
Paraprionospio pinnata
Pectinaria gouldii
Eteone heteropoda
Leucon americanus
Pseudoeurythoe ambigua
Glycinde solitaria -

Meso-polyhaline mud-sand

Pectinaria gouldii
Mulinia lateralis
Strebldspig benedicti
Paraprionospio pinnata
Ampelisca abdita
Pseudoeurythoe ambigua
Nereis succinea

Eteone heteropoda
Glvcinde solitaria
Macoma balthica

Retusa canaliculata

Meso~-polyhaline sand

Paraprionospio pinnata

‘Pseudoeurythoe ambigua

Glycera dibranchiata
Ampelisca abdita
Phoronis sp.

Retusa canaliculata
Glycinde solitaria
Nereis succinea
Ampelisca vadorum
Streblospio benedicti
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Table 5 (centinued)

2.
3.
4.
5.
6.
7.
8.

10.

Polyhaline mud

Pectinaria gouldii
Streblospio benedicti
Mediomastus ambiseta
Mulinia lateralis

Paraprionospio pimnata
Sigambra tentaculata
Asabellides oculata
Glycinde solitaria
Pseudoeurvthoe ambigua

Lvonsia hvalina

Polyhaline mud-sand

Pectinaria-ggpldii

Pseudoeurvthee ambigua
Paraprionospio pinnata
Streblospioc benedicti

Anadara transversa
Nereis succinea.
Clymenella torquata

Mediomastus ambiseta

Mulinia lateralis
Oligochaete

Polyhaline sand

Pseudoeurvthoe ambigua

Streblospio benedicti
Mulinia lateratis
Spiophanes bombyx
Mediomastus aobiseta

.Ensis directus

Sabellaria vulgparis
Pectinaria gouldii
Ampelisca verriili

Anadara transversa
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Table 5 {continued)

Poly-euhaline mud-sand

1. Retusz canzliculata

2. Paraprionospio pinnata

3. lMaldanidze

4. Tellina agilis

5. Mediomastus ambiseta

6. Pecrinariz gouldii

7. Pseudeurvthoe ambigua

8. Turdonillz iaterrupta

9. Ampelisca abdita : . )
10. Glycinde scolitaria o :

Poly-euhaline sand

na agilis
anes bombvx
o benedicti
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D. Vertical Distribution Patterns

The vertical dlStrlbUthn patterns of individuals and species in the
major habitats for each cruise are graphically depicted in Figures 2-16.
Histograms represent the number of individuals or species while the line
represents the cumulative Z with depth. All areas had the greatest species
.-abundances in the top 10 cm. Based on the percentages, oaly the fall
sampling in the meso-polvhaline transition zone showed any differences
in species numbers and abuandances. Mud had 100% of its macrobenthic
organisms contained in the top 10 cm, while mixed had 91Z and sand the
least with 534%.

If one looks at the actual numbers of organisms living below 10 cm a
pattern emerges. Muds generally had the shallowest faunal penetratiom,
with mixed sediments intermediate. Sand usually had the largest number
of- deep dwelling organisms. A pattern along the salinity gradieat also
existed, with the polyhaline zone having greater number of individuals
and species than the meso-polyhaline transition zone. With one exception
the poly-euhaline transition zone had the least number of deep dwelling
organisms. That one exception was station 91, which had a la*ge number
of animals penetrating beyond 10 cm.

Individual species distribution

Polychaetes were the most successful group living in the deeper sadiment
layers. Most of these polychaetes built long tubes (e.g. Clvmenella and
Asvchis) or deep burrows (e.g. Glveera and Nereis). A few polychaetes
burrowed freely without any permanent structure to the surface (i.e.
Pseudeurvthoe ambigua, Sigambra). Molluscs and crustaceans were equal
in their ability to penetrate the deeper layers.. Bivalves with long
siphons, such as Mva, Macoma and Tellina, were able te bury deep and sta:
maintain comnections to the surface. Ensis directus, another deep burrowing
bivalve, maintzins a burrow as its connection to the surface. Crustaceans
which could build tubes or burrows (e.g. the anthurid isopod Cvanthura,
amphipod Leptocheirus and the decapods Upcgebia and Callianassa) were able
to penetrate into the anaercobic zome. Aligenea elevata (a bivalve) and

- Listriella civmenellae (an amphipod) were able to live deep in the sediments
due to their association with the deep tube dwelllns polychaete Clymenella
torquata.

Table 6 iists the twentv dominant species found in this study with
their maximum sediment penetrations. Most of the abundant species are
restricted tc the top layers.

Table 7 lists those species whose populations living below 10 cm exceed

10% of the total population. A total of 34 species would be significantly
undersampled if a sampler was to penetrate only 10 cm. Pseudeurvthoe
ambigua, the third most dominant species of the study, had more than cae
half of its population liviang deeper than 10 cm. Fig. 17 describes its
vertical distribution along a sand gradient. Increasing the mud conteat
decreases the penetration of this annelid. Other numerically dominant
species with significant deep populations include tle mobile glvcerid
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polychaetes, which build temporary burrows extending 40 cm or more, and the
maldanid polychaete Clvmenella torguata, which builds a vertical sand tube
of 15~20 cm in length. In the cases of Callianassa atlantica, Scoloplos
robustus, Pilargis sp. A, Asychis elongata, and Dilcnereis magna all

s G 4 D AP S S T

individuals were found below 10 cm.

Seasonal effects

. Of the 53 stations sampled, 42 stations had 80% or more of the total
number of organisms contained in the top 10 cm. Of the remaining 11
stations, 10 were from the September 1978 cruise. This is a result of
both technique differences which allowed better recovery of small soft
bodied animals and the spring bloom of surface dwellers such as
Streblospio benedicti, Mulinia lateralis, Pectinaria gouldii, Mediomastus

ambiseta, and Polydora ligni. Populations of deep dwelling organisms

-E. Sediment Structure and Levels of Bioturbation

remained relatively constant increasing slightly in the spring collection.

X~-ray techniques, developed by Howard and Frey (1973, 1975), were used
to determine the effects organisms have on mixing sediment. Radiographs
have enabled us to determine the degree of bloturbatlon, what crganisms
dominate the sediment structures, and depths to which biogenic structures
extend. Since we used methods cutlined by Howard and Trey (1973) we felt
it appropriate to use their bioturbationm classification. By estimating
the percentage of the area in a radiograph disturbed by organisms, a
station could be placed in one of the following bioturbation percentage
groups: 0, <30, 30-60, 60-90, 90-99, 1007 (see Table 8). YNone of our
samples were without some evidence of bioturbation and the vast majority
fell in the group 90-99Z bioturbated. Those that had the least amount of
bioturbation tended to be either in the upper part c¢f the study area, have
fluid mud surfaces, or have high amounts of coarse sand and gravel (Stations
41, 49, 78, 79, 80, 82, 86, and 98).

‘Since x-~rays are expensive to reproduce we have chosen to reproduce for
the final report radiographs which are representative of most major habitats
in the lower Chesapezke Bay (see Appendix D). For a description of
radiographs plus other visual observations for each core see Appendix E.

A description of structures produced, as well as size and orientation is
given for each major species in Appendix F.

Physical Structures

Most of the physical structuring in the lower Chesapeake Bay consists
of mud-sand laminations (in the radiographs sand appears black; mud appears
white). Laminations are of small scale ripple in Station 82 (Plate 1) to
planar in Station 80 (Plate 2). Sand lamination occurs in Station 100
(Plate 3) trough ¢ross bedding.
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Table 6.

The twenty dominant species with their depth dlstrlbutlon

(determlned by BioIndex of McCloskey 1971).

depth distribution

Species. {cm)
1. - Streblospio benedicti 0-5
2. Pectinaria gouldii 0-5
3. Pseudoeurythoe ambigua 0-50
4. Paraprionospio pinnata 0-15
5. Mulinia lateralis 0-3
6. Ampelisca abdita 0-3
- 7. Mediomastus ambiseta 0-5 -
8. Nereis succinea 0-40 -
9. Retusa canaliculata 0~-2
10. Glvcera spp. {dibranchiata, americana) 0-40
- 11, Maldanidae sp. 0-50
12, Glycinde solitaria 0-10
13. Anadara transversa 0=2
14. Polvdora lizni - 0-5
i5. Eteone heteropoda 0-5
16. Tellina agilis 0-10
17. Leucon americanus 0-2
18. Sabellaria vulgaris 0-2
19. Tharyx sp. 0-10
20. Ensis directus 0-20
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Table 7. List of species living having 107 or more of their pSpulations
below 10 cm. : '

# Z

Mollusca . .

Aligena elevata B S 33
Crustacea ' _ ;

Listriella clymenellae 2 29

Pipnixa retinens - ' 2 33

P. chaetopterana . sl T 2 40

Callianassa atlantica . - ) 2 100 -

Upogebia affinis 1 33
Annelids

Ancistrosvllis hartmanae 5 83

Glycera dibranchiata 4 21

‘Pseudoeurythoe ambigua : 383 56
Clymenella torquata ‘

W
N0
[
v

Scoloplos rubra . :
Praxillela gracilis : 1 50

Maldanaidae sp. 9 13
€Cirratulidae sp. 3 75
Ampharetidae sp. 1 25
Bhawania goodei 6 32
Glycera americana _ 11 14
Harmothoe sp. A - 1 25
Paleonotus heteroseta 2 17
Ancistrosvllis jonesi 1 33
Pilargis sp. A 1 1c0
Sigambra tentaculata 42 32
Scoloplos robustus 1 100
Gyptis brevipalpa 3 33
Arabella jiricolor . 1 50
Cabira incerta : : 10 48
Harmothoe extenuata 2 29
Magelona rosea 1 50
Asychis elongata - 6 100
Drilonereis longa 2 40
Arabellidae sp. & 44
Drilonereis magna 1 100
Brania wellfleetensis 5 7l
Echinodermata
Micropholis atra . 3 60
52
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‘Table 8. Sediment type based on visual observations

and extent of bioturbation based on
radiographs for each station sample.

Station Sediment Type Percent Bioturbation
26 mud no radiograph
27 sand 90-99
28 sand 80-99
29 sand 160
30 mud no radiograph
3t mud no radiograph
3z muddy sand no radiograph
33 mud ' no radiograph
34 ‘muddy sand 100
35 muddy sand 90-99
36 muddy sand 100
37 sand 90-~-99
38 muddy sard 90-99
39 sand 90-29
40 sand 90-99
41 muddy sand 90-99
42 muddy sand 90-99
43 muddy sand 90~-99
44 sand 90-99

- 45 sand no radiegraph
46 nuddy sand 90-99
47 muddy sand - 90-9¢9
48 muddy . sand 90-59
49 muddy sand 60-90
50 sand ©80-59
76 mud 90-99
77 nuddy sand 90-99
78 mud 60-50
79 mud 60-90
80 muddy sand 30-60
81 muddy sand 90-99
82 mud 30-60
83 mud 90-99
84 mud 90-99
85 mud 90-29
86 mud <30
87 mud 95-99
88 muddy sand 90-99
89 muddy sand 100
90 sand 90-99
91 sand no radiograpir
92 mud 90-99

|
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. ’ ' '~ Table 8 (continued}
o ) '
Station’ Sediment Type Percent Bioturbation
¢ 93 mud 90-99
~ 94 muddy sand 90-99
95 mud 90-99
96 sand 90-99
97 ouddy sand 90-~-99
98 muddy sand 60-90
99 muddy sand 90-99
100 sand 2099
103 muddy sand 90-99
104 muddy sand 90-99
105 muddy sand 90-99 3
i
1
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Other physical structures consist of methane pocketing as seen in the
lower half of Station 82 (Plate 1). Methane is produced in areas of high
organic input and absence of oxygen. Methane production in these areas hay
be so high, particularly during the summer, that bubbles form which escape
to the surface, thus forming bubbletubes (Martens and Klump 1980). Macro-
fauna may, by pumping oxygen into the sediment, prevent methane saturation
(Martens 1976).

Other physical features of special interest are substrate changes.
Station 78 (Plate 4) has a fluid mud surface stabilized by a dense mat of
Ampelisca abdita (an amphipod) tubes. Below the tubes the sediment changes

abruptly to coarse sand and gravel. The top 12-15 cm of Station 27 (Plate

5) is fine sand below which is a storm erosion layer of hard clay, rocks and
snells. At Station 103 (Plate 6) there was formerly an oyster reef which is
now covered by fine sand and populated by the maldanid pplychaete Clymenella

torquata.

Biological Structures

Biological structures can be classified .. to three types. Living
maintained structures are usually found in the top 10 cm, but have been
found as deep as 50 cm. Most of these are tubes or burrows of polychaetes,
many having a halo of lighter coloired sediment due to ventilation by the
occupants., The most frequent tubes or burrows seen are those of Pectinaria
gouldii, Paraprionospic pinnata, Loimia medusa, Asychis elongata, Clvmenella
torquata, Glvcera sp. and Heteromastus filiformis. Details of their burrow
or tube morphology can be found in Appendix F. Except for Ensis, nc other
molluscs made permanent burrows, their effects being restricted to
bioturbation. Crustaceans, except for.thallasian- shrimps, produced
burrows too small to be easily recognized or preserved. Although biogenic
structures attributable to fish were not observed, other studies have noted
the effects of fish on bottom sediments (Cock 1971, Risk and Craig 1976,
Howard et al. 1977). The abundance of rays, flat fish and blue crabs in
Chesapeake Bay make them good candidates for a lot of the bioturbation seen
in our cores.

Tubes or burrcws which are abandoned and subsequently filled in with
curface sediment represent the second major class of biegenic structures.
The filling consists of surface sediment which has not undergone compaction
and is therefore very fluid as well as black due to the higher oxygen demand
of a higher organic content surface fill. These cylinders of fluid black
mud generally occur below 5 cm to depths greater than 60 cm. Most of these
structures are large; apparently the small burrows are destroyed by
bioturbation (Cullen 1973). Thesé strvctures are seen in radiographs of
Stations 84 (Plate 7-E) 95 (Plate 8-6}), and 78 (Plate 4-F).

The third major class of biogenié structures is the bioturbation
structure. The random feeding and burrowing of polychaetes, molluscs,
and crustaceans mix the sediment layers. - At 1low levels this feeding
produces a mottled appearance with faint bands of former laminae (see
radiographs of Stations 84 ~ Plate 7 and 95 -~ Plate 8). At higher levels
of bioturbation the substrate is completely mixed, leaving living maintained

56
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structures as the only sediment structures (see radiographs of Stations 27 ~
Plate 5, 42 - Plate 9 and 96 - Plate 10).

Trends

Physical structures dominate the muds in deep channel areas extending
into deep holes at the mouths of major rivers. Stressful conditions of a
fluid mud surface and periodic summer anoxic conditions allow only the
temporary settling of oportunistic species such as the clam Mulinia

lateralis, and the polychaete Streblospio benedicti (see- Radlograpn of

Station 82 - Plate 1).

Sometimés Ampelisca abdita, a tube dwelling amphipod, can colonize these
fluid surfaces and reach densities high enough to literally carpet the
surface. This has a stabilizing effect allowing deeper tube dwellers like

Loimia to become established. These tube mats are ephemeral (Mills 1967)

and are destroyed by major physical disruptions (i.e. storm, anoxia, or
high deposition of sediment). Radiograph 80 (Plate 2) had such a Ampelisca
comnunity and demonstrates the alternate horizons of physical and b;ologlcal
dominances.

Muds in shallower regions are less likely to suffer anoxic conditioms,
contain more animals, and hence are more biologically structured. Faint

“physical layering is evident, but backfilled burrows dominate the sediment’

fabric (see radiographs of Stations 84 - Plate 7 and 95 - Plare 8).

Most of the mixed sediments of the bay are dominated by bicgenic
structures. Tubes of the maldanid polychaete Clymenella torguata are very
common in these areas (see radiographs of Statiomns 42 - Plate 9 and 103 -

“Plate 6). Sands appear to be the most uniform, usually lacking back-filled

burrows which are probably destroyed by the bicturbation of the mobile
fauna characteristic of the sand. Only the tubes and burrows of living
animals remain (see radiographs of Stations 27 - Plate 5 and 96 - Plate 10).
Wave action is probably the dominant influence on the sediment fabric in

the sand areas just outside the bay (see radiograph of Station 100 - Plate
3).

F. Microscopic examination of sediments
Biologists involved in animal-sediment rélacionship studies are

disgruntled over the information derived from traditional dry sieving
grain size analysis. Larger biogenic structures such as fecal pellets,

_organic aggregates, tube fragments and plant fragments are often destreoyed

or broken down to their smaller mineral componeats. Young {(1971) found

dry sieving yielded 78-91% silt-clay while gentler wet sieving gave values
of 33-50%.

Very often the distribution of organisms does not correlate with median
grain size, % silt, clay or other parameters derived from dry sieving.
Whitlatch (1976) in a study of food resource partitioning in deposit feeding
annelids, -noted that the sorting coefficient based on only three points was

[yS— m mfzumamu M~&;é‘
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a poor measure of sediment complexity, but diversity of particle species
based on a microscopic study was more indicative of what an organism is
likely to encounter while feeding.

Since a toxin's fate and transport is vltimately tied in with where a

particle settles we thought it useful to obtain information on the abundance

and size of particles before they are destroyed, by using microscopic and
staining techniques recently developed {see Methods).

Table 9 lists the types of particles aand whether they are abundant,
common or rare in lower Chesapeake Bay sediments. Organic-mineral
aggregates refer to small mineral grains embedded in a matrix of organic
material. Most workers (Rhoads 1974, Johanson 1974, Ronan 1978) agree
that the organic-mineral aggregates represent fecal pellets im various
states of decay.

Mineral particles comsist of solitary grains usually of quartz which
may or may not have an organic emcrustation. Anderson and Meadows (1969)
have found these encrustations to be bacterial films and colonies. Almost
all mineral grains larger than 25 u were encrusted while less than 207 of
the mineral grains less than 25 g weré encrusted.

Whole fecal pellets, although abundant in the scanning, represent a
small fraction of the abundance as compared to organic-mineral aggregates,
encrusted mineral grains and mineral zrains. This may be caused by their
rapid degradation and as mentioned before degradated fecal pellets are
probably represented as organic-mineral aggregates. McCall (1979) took
fecal pellets and disaggregated then by stirring and then mere vigorous
blending. His results as documenred in sequential light micrographs,
show that whole fecal pellets disaggregate into large organic-mineral
aggregates followed by small aggregates, and finally solitary mineral
grains.

Macrophyte fragments were commen in all sediments sampled.  The identity

of the plants could not be ascertained, but most likely represented remains
of the marsh grass Spartina alterniflora and eelgrass Zostera marina.

Because most stations sampled were in water depth in excess of 20 feet,

live diatoms were rare, but their frustules were common.

All other particles, although common, were represented by such low
numbers as to be considered unimportant to this study.

Table 10 gives the per cent abundance distribution among the four
major particle classes. Organic-mineral aggregates less than 25 u were
the most abundant particles, except at six stations where non-encrusted
mineral grains less than 25 y were. Of these six stations, four stations
(44, 90, 91, 100) are undergoing erosion (see Table 2). The absence of
low density organic-mineral aggregates, which are more easily transported
than mineral grains of comparable size might be expected in this type of
environment. Johnson (1974) experizented with settling velocities found
organic-mineral aggregates staved im suspension longer than their mineral
components lending support to the buovancy effect of the organic matter.
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Table 9. List of Particle species found in lower Chesapeake Bay

sediments.

Mineral grains

Organic~-mineral aggregates
Encrusted mineral graias

Fecal pellets
Macrophyte fragments
live diatoms

diaton frustules
tube fragments

-spines, rods or spicules

filamentous algae
Unknown cells
Polychaete setae
Plant seeds
Metazoans

Pine rollen

egg cells
Foramanifera test
Qak trichome
Dinoflagellate

Crustacean exoskeleton

Plant pollen
Protozoan
flagellates
Tittinid test
Hydroid fragment
Veliger

fish secale

a - abundant
¢ - common
r - rare

(a)
(a)
(a)
(a)
(c)
(r)
(c)
(c)
{c)
(3
()
()
(r)
()
(c)

(<)

(3]
(e)
(r}
(r)
(r)
(r)
()
(r)
()
(r)
(r)

59

Various unknowns

(c)
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: Except for the erosien ai stations it is remarkable how similar the
other stations are in their & abundance distributions of particle types.

b This is very diffetgnt firenm grain size data obtained by conventional graoin
¥ size analyses based on weight (see Table 1).

Fig. 18 is a graph of the mean number of. fecal pellets at each depth
sampled for all stztitms sazpled in each cruise. The highest number of

& fecal pellefs lie on the surface and quickly decline at 2 ¢m and more slowly
‘ decline until 10 o= where there is a slight increase.  From 10-40 cm there

is a gradual decline.  This distribution is expegted becauseé most benthic
organisns deposit their fecal pellets on the surface. A slight imcrease
from 5~10 cm probakly cepresents a secondary input from subsurifac
defecation. The fact that whole fecal pellets are found at 40 cm is
consistent with the axperiments by Cadee (1979) on the resistance of
Heteromastus filiformis fecal pellets. He found the pellets te be highly
resistont to bacterial breszkdown or moderate-stirring as. couwpared to
experiments with Macome baithica fecal pellets, which were very easily
dlsagg:e rated (Risk and Mofiat 1977).

Sediments collected during the early summer cruise (6~ 79) had about
twice the nuzmber of fecal pellets as did those collected during the fall
cruise (9-78). This is comsistent with the overall increase in numbers
of animals for the 6-79 cruise.

Sediments atr all
Differences between st
particles were insigni

4]
et

rations showed an abundance of stained particles.
ations in the number of stained versus non-stained
nt, but some differences existed in the size or
form. For example fine grsined sediments lacked the larger encrusted
mineral grains, but ha correspondingly higher concentration of organie-
mineral aggregates. YVertical differences at any .one station were
insignificant, with the exception of larger numbers of fecal pellets
and live diatems near the surface.
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G. Pore Water Chemistry

At the time of this writing the only complete set of chemical analysis
of the pore water is oa the major cations and. anions (information provided
by Dr. S. Tyvree, Department cof Chemistry, College of William and Mary).
Most of these {Xa, X, Yz, €z, F, Cl) ions are conservative and constant
with depth. The rest (N#3*, NO3~2, P0,~3, 80,-2, HCO3~} are controlled by
decomposizicn of organic matter mediated by various microerganisms.
Sulphate reduction is probably the controlling decomposition pathway and
has been frequentivy stadied.  In two studies of the sulphur cvele in the
marine envirenment Jérgensen (1977) and Goldhaber et al. (1977) attributed
the constant sulphate value in the upper 10 cm of the sediment to the
irrigatica activity of the macrofauna.

In examining cur data for this relationship several difficulties arose.

- Thcineed for a ¢eriaia veluse of water to be able to rum all the analvses
- allowed the chemists to sample only mud, which has a hizh warnl content.
Such envirconments are limited in the lower Bay and have sparse benthic
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populacions. Nevertheless there seems to be good agreement. between the i
.abundance, composition and vertical distribution of benthic invertebrates.
and the sulphate profile. In cores’ from stations 26, 30, 32, .33, 76, 80,

82, 86 and 92, sulphate decreases sharply after the first several centimeters.
All these cores either had low populations of macrofauna or animals were
restricted te the upper 5 cm. Cores of stations 28, 34, 35, 38, 177, 79,

83, 84, 85, 87 and 88 had either erratic sulphate changes of increasing
sulphate with depth. These cores had larger populaticns of benthic animals, .
whose activity could be responsibie for the observed sulphate distribution.
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V. DISCUSSION

A. Population Distribution

Macrobenthic communities in the lower Bay are numerically dominated by
euryhaline opportunists (sensu Boesch 1977). These species are extremely
dynamic, and occur over a wide range of salirities and sedinment types.
Their populations vary both spatially and temporally. Equilibrium species,
while not numeriecally dominant, tend to dominate bicmass. '

The majority of macrobenthic organisms in the lower Chesapeake Bay are
found in the top 10 cm of the sediment column. Such a vertical distribution
agrees with vertical studies elsewhere (Molander 1928, Holme 1953, Lie and

Panatmat 1965, Keith and Hulings 1965, Johnson 1967, Smith and Howard 1971,

Beukema 1974 and Rosenberg 1974). Most ecologists agree that the surface
sediment contains the largest reservoir of easily assimilated organic’
matter. Microbial distributions have been directly licked to the abundant
supply of organic material on and near the surface (aller and Yingst 1980).

Even if food supply is adequate at depth within the sediment, oxygen
may not be. Substrate plays a large role in determining oxygen penetration.
A larger grain size of sand sediments facilitates pore water exchanges,
allowing oxygenation to deeper depths. This enables a deep mobile fauna
to exist without connections to the surface. ' -

Deep dwelling organisms in the stable mud habitat where the RPD (Redox

* Potential Discontinuity) layer lies almost on the surface tend to have a-

direct connection to the surface via a tube or permanent burrdéw. Organisms
irrigate these structures, thus bringing oxygen down into the sediments.

The few organisms that live at depth in the muddy sediments, such as the
polychaere Psgseudeurythoe ambigua, must have a tolerance of sulptides with
some capacity <o respire anaerobically. Unstable mud habitats probably
lack deep dwelling organisms because of the organism's inability to maintain
permanent connections with the unstable surface. :

‘All salinity habitats sampled in this study have a similar proportion
of deep dwelling organisms, but differences exist in actual numbers of ’
individuals and species. The increase in deep dwelling organisms from
the meso-polyhaline transition zone to the polyhaline zone may bz just
a reflection of the overall increase in numbers and species of the
polyvhaline zone. Numbers of deep dwellers decreased from polvhaline to
poly-euhaline transition zone. Rhoads (1967) states that organisms respond
to the fluctuating environment of the nearshore by building deep burrows
while offshore benthos restrict themselves to the upper layers.
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‘Individual species distribution

As was true in most studies of macrobenthic vertical distribution

‘most of the organisms found below 10 cm in the study were polychaetes

{(Smith and Howard 1971 and Beukema 1974). Their respiratory physiology

is well adapted to infaunal life (Mangum 1970). Many of the deep dwelling
species are not numerically dowminant, but the large size of many of these
animals (i.e. Asychis, Callianassa, Cerebratulus, Ceriantheopsis, Upogebia
and Thyone) would dominate 'standing crop biomass. . Because of their large
size they process large volumes of sediment, thus altering the geological
properties and indirectly affecting community development (Myexs 1977).

Seasonal effects

Juvenile settling in spring by Streblospic benedicti, Mulinia lateralis,
Mediomastus ambiseta, and Polydora ligni caused large increases in the number
of organisms inhabiting the 0~2 cm horizon. .These opportunistic species are
well known for their quick population  eruptions (Boesch et al. 1976). )
Virnstein (1977, 1979) examined the role of predation in structuring
Chesapeake Bay bottom communities. His conclusion was that summer predation
by fish and crabs lowered populations of surface dwellers, while organisms
living deeper in the sediment escaped and were abundant year around. In
addition, deeper dwelling organisms have temporally more stable populations
because they are buffered from the variability of the sediment-water
interface (Sanders et al. 1965).

B. Biogenic Structure and Bicturbation

Information from our radiographs and dissections indicates that the

sediments of the lower Chesapeake Bay are highly bioturbated,.  The prevalence

of bioturbated sediments have been found in other areas (Moore and Scrutton
1957, Rhoads 1967, Robbins et al. 1979, Howard and Frey 1973). The density
of biogenic structures of living animals is highest in the top 2-3 cm but
structures are common to 15-20 cm and have been observed beyond 50 cm.

This would indicate mixing to be extremely rapid near the surface and to

be considerably slower deeper down. This is precisely what Aller and
Cochran (1976) found when measuring biological mixing rates of Long Island
Sound sediments using 2341h/238y ratios.

Back-filled burrows occur below 5 cm down te depths of 40 cm or more.
These structures have several implications for the geochemistry of pore:
waters. First, they represent an avenue for rapid subduction of high water
content, high organic content, surface material without the usual slow
compaction and decay process normally associated with slow burial.
Secondly, these back-filled burrows represent areas of high bacterial

- activity which may strongly influence the chemistry of pore water.

The geochemist must compensate for this type of heterogeneity by either
taking larger ‘samples or more replicates. For instance, a small diameter
core taken in the middle of a back-filled burrow would yield different
results from one taken to either side of the burrow.
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An important trend evident in the radiographs, that has ge'ochemical

‘implications, is that muds tend to have a more tube or burrow orientated

community while sands have a more mobile fauna, thus causing a more uniform
bioturbated sediment fabric. Howard and Frey (1975) noted the same thing
for Georgia estuaries. Aller (1978) hypothesizaed that a sedentary fauna
would develop horizontal gradients as well as vertical gradients in

sediment chemistry while with mobile fauna only a vertical gradient would
be present.

Howard and Frey (1973), in studying nine Georgiaz estuaries, concluded
that biogenic influences decreased with salinity and deep channel areas.
Many of the least bioturbated areas were in deep chamnels (Station 82 and
86). Periodic summer anoxia prevents the establishment of a permanent
benthic population. This study only examined the lower Bay (south of the
Potomac River) but comparison with thé concurrent study of biogenic
structures in the upper Bay by Maryland Geological Survey (EPA contract
R805964) shows a lowering of bioturbation levels in the lower salinities.
This is not surprising since number of individuals and species collectad
differed by an order of magnitude. Winston and Andersen (1971) in a study
of bioturbation of a New Hampshire estuary concluded that the lower rates
of biological mixing in the lower salinities was due to lower numbers of
the polychaete Nereis.. Depth of mixing may be different for the twn areas
based on Pb 210 analysis by Goldberg et al. (1978). They concluded that
mixing by invertebrates occurred in the top 5 cm in the upper Bay while
it occurred to 30 cm or more in the lower Bay. ’

Seasonal differences are not possible to differentiate in our X-TAYyS.
Ar sedimentation rates on the order of 0.5 to 1 cm per year benthic
populations mix sediments in terms of years, not months. Seascnal
differences in bioturbation levels have been noted by Cadee (1979),
Myvers (1977), and Driscoll (1975). The higher water temperatures of
late summer stimulate the benthos to their highest activity levels.
Longer term differences in bioturbation levels, substrate type and

community composition have been mentioned for Statioms 80, 78, and 103.- -

C. Sediment Composition

In this study, sediments examined microscopically exhibited-a high
degree of similarity in the percent abundance distributions of particles
despite wide differences in grain size information derived from conventional
methods. Many of the differences between this microscopie study and
conventional grain size analyses can be attributed to the destruction
of larger organic-mineral aggregates into smaller mineral components by
the latter method and the fact that convention sanalyses are based on
weight of particles. The microscepic method is somewhat arbitrary and
subject to unavoidable variability in technique. It needs refinement to
be more quantitative and to detect differences one feels must exist. This
criticism is also raised by other workers (Johnson 1974, Hughes 1979).
Despite its shortcomings, the microscopic wmethod may more realistically
characterize sediment structure and complexity as it exists in the field,
than do standard grain size analyses.

66

e e g



All of the particle tvpes found in this study have been found in

s similar studies by Johnson {1974, 1977), Whitlatch (1974, 1976}, Ronan

. (1978) and BHughes (1979). As with the other studies mineral grains and
organic-mineral aggregates dominate over all other particles. An averdge
of 69% of the particle species showed a positive reaction for the presence
of organic material. In a similar envirodnment Johnson (1977} found

. stained particles made up 61% of the total, and in a study of sediments

in St. Margaret's Bay, Nova Scotia Hughes (1979) found stained particles

comprised 66% of the total.

A significant finding in our study was the large numbers of fecal
pellets found in all sediments. Risk and Moffat (1977) found that high
populations of Maccma balthica could- iricorporate up to 28 ce/m3 fyr of

- sediment into fecal pellets and pseudofeces. The binding of fine mineral
grains into larger fecal pellets (pelletization) has profound effects on
the geophysical properties of sedimerts. Pelletization causes water
content to increase and corpaction to decrease, resulting in a more easily
resuspended sediment {Rhoads & Young 1971, Driscoll 1975). This results
not only in transport, but increased surface area for exchange between
sediment and the warer column, an important feature in nutrient and
geochemical cycling (Rhoads 1973).

A second effect of palletization is increased sedimentation.
Suspension feeders remove very fine. particles which would not ordlnarlly
settle out due to the hydrodynamic regime and bind them into larger, more

“easily deposited fecal pellets (Haven and Morales-Alamo 1966, Risk and
Moffat 1977). Finally, pelletization may stimulate bacterial growth
(Hargrave 1976, Xewell 1963). This is important because the metaholic
process of bacterial decomposition of organic material goverms most of
the important gecchemical reactions in sediments (Berner 1976). Gordon
et al. (1978) found that oil levels in sedimen:s decreased by the increased
bacterial -degradation stimulated by the activities of the polvchaete
Arenicola. : '

Insignificant vertical differences in sediment composition have been
attributed to homogemization thru bioturbation (Johnson 1977). Several of
our stations reveal the lack of bioturbation and so it seems impossible
the lack of vertical sediment changes are due to this process. Forces:
which coagulate miseral grains and organic debris, as well as encrustatien
processes are widespread within the sedident. Surface material 1ncorporateé
at depth does not change significantly,-at least within the sensitivity
of our methods.

D. The Relationship Between Pore Water Chemistry and Macrobenthos

Jérgensen (1977}, in a study of sulphate reduction in Limfjorden, foumd
constant sulphate values in the pore water in the upper ten centimeters of
the sediment. This was attributed te the macrofauna, which would pump
4. overlying waters into the sediments and thus decrease the concentration

: gradient existing between the water and pore water. He also discovered a
great deal of difference between replicate cores. This may have been due to
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wmacrofauna density differences. Imn this study, the types of sulphate
. profiles measured in cores were generally related to. faunal depth

distribution profiles. Cores with fauma iimited to the upper 5 c¢m generally
had decreasing sulphate profiles, while increasing or erratic profiles

were observed in cores with larger populations and a greater proportion
of deep~dwelling fauna, :

Fenchel (1969) attributed heterogeneity of Eh measurements to worm
burrows. Goldhaber et al. (1977) stated the necessity of taking large
samples to-integrate all the heterogeneity caused by macrofauna burrows.
Aller and Yingst (1978) detailed this heterogeneity in their chemical study
of the burrow of the polychaete Amphitrite ornata. Burrows are lined with
rich organic material that enhances bacrerial decomposition. Extremely
high rates of sulphate reduction take place along the outer wall while
aerobic conditions prevail along the inner wall, setting up strong
concentration gradients.  Sulphate is continuously supplied by irrigation
as well as by the flushing out of decomposition products.. We have seen
evidence of these wmicreoenvironments inm our samplés. A thin black lining

surrounds the light colored halo of oxyzenated sediment of many tube and
burrow dwellers.
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VI. MECHANISMS OF TOXIC TRANSPORT BY MACROBENTHOS

Macrobenthic organisms can affect the distribution of toxic materials
by solid phase mixing (toxic materials adhering to sediment particles) or
‘liquid phase mixing {(toxic materials dissolved in pore waters).

Mobile deposit feeders mix and transpert particles during their feeding
and burrowing activities, Sheldon and Warrem (1966) note that sand may be-
physically transported in the stomachs of fish and crustaceans. ' Several
workers (Rhoads 1963, 1967, Gordon 1966, Mangum 1964) have measured rates
of particle mixing of common marine invertebrates of the Atlantic and found
their mixing rates to exceed annual sedimentation rates several times.

One animal in particular, Clymenslla torquata, studied by both Mangum
(1964)- and Rhoads (1967) is particularly important because of its feeding
style and depth of influence. Clvmenella is a maldanid polychaete which
builds a sand tube extending down 15-20 cm. it feeds at the bottom of its
tube and defecates on the surface; hence the term "conveyor belt species”
(Rhoads 1974). This animal is quite abundant in the lower Bay and it . can
resurface material 25-100 years old depending on local sedimentation rates.’
Robbins et al. (1979} detailed the effects of a "conveyor belt species"

{an ocligochaete found in the Great Lakes) by sprinkling radiocactive 137¢s
on the surface sediments in an aguarium filled with oligochaetes. Initially
the layer of 137Cs was buried until it reached the feeding level where it
was resurfaced again. Some escaped feeding, but overall the effect was
continuing process of burial and resucfacing.

Animals may also indirectly alter the probability of particle movement.
Large tube.dwelling polychaetes mound sediments, exposing them to higher
current velocities (Newman et al. 1970). Tubes of benthic animals have been
known to bind and stabilize botto: sediments (Fager 1964, Mills 1967,
Featherstone and Risk 1977). Tubes can trap fine materials, increasing
the sedimentation rate (Lynch and Barrisom 1571).

Mobile deposit feeding bivalves, by pellecizingkthe surface sediments,

produce a porous surface allowing for greater water content (Rhoads and
Young 1971). This decreases critical thresheld velocity for resuspension
-and increases the opportunity for sediment-water exchange so important in
nutrient cycling (Rhoads 1973). ‘

Pellet preduction affects grain size distribution and settling o
velocities. Pelletization increases sedimentation rates (Risk and Moffat
1977, Verwey 1932) and in some cases biodeposits exceed other sedimentary
pathways (Prokopavich 1969). Populations of suspension feeders trap fine
materials from the water column and process them intc larger fecal pellets.
McCall (1979) measured settling velocities of fecal pellets and their
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constituent particles and found an increase of two orders of magnitude in

“settling when the particles are pelletized.

Pelier production indirectly affects the chemistry of interstial
waters. Fecal pellets provide an excellent substrate for eanhanced bacterial
growth (Newell 1965). Other studies have linked macrofauma activity and
bacterizl activity (Briggs et al. 1979, Tunnicliffe and Risk 1977). Since
bacterial metabolism is the controlling actien for mamy ckemical species
(Berner 1976), this enhancement by macrofauna on bacteria indirectly
influences the chemistry of pore waters. Two studies have found that
the activities of deposit feeding polychaetes increased bacterial )
degradatiocn by stimulating microbial metabolism (Gordem et al. 1978,

Garduer et al. 1979).

Benthie animals significantly affect pore water profiles by irrigation
of their dwelling structure. Rhoads et al. (1978) found irrigation rates
were an order of magnitude greater than particle reworking rates. Jérgensen
(1977) =zpd Goldhaber et al. (1978) both note that macrofauna irrigacion may
be responsible for the homogenecus distribution of sulphate in the upper 10
cm. Irrigation increases oxygen penetration (Jérgensem 1977, Rhoads et al,
1978). TIncreasing oxygen has the effect of lowering pH, increasing Eh and
decreasing phosphorus and ammonia (Khalid et al. 1973).

Studies documenting the effects animals have on chemical profiles are
increasing. Bowen et al. (1976) and Livingston and Bowem (1%79) cirte
bioturbation as controlling transuranium nuclide distributiom. Even
redistribution of 137Cs at a 2800 m radioactive dispesal site by macrofauna
is reported {(Dayal et al. 1979). These activities have lead scientists to
construct bioturbation mixing models (Goldberg and Koide 19562, Berger
and Heath 1968, Guinasso and Schinck 1975, Aller and Yimgst 1978, Aller
19890, Hutson 1980) necessary for a complete model of transport of toxics
within and out of the sediments.
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VII. MANAGEMENT CONSIDERATIONS AND FUTURE RESEARCH NEEDED

The crux of this report to managers is that macrofaunal animals are
abundant in the lower Chesapeake Bay sediments and play a major role in the

rovezent of sediment, which in turn influences the distribution and fate of

toxic materials. The magnitude of animal activities may change from mud to
sand and from oligohaline to polyhaline habitats. Effects also differ for
different communities of animals (sedentary vs. mobile, shallow infauna vs.
deep infauna). In considering the sediment fluxes in the lower Bay it is
then essential to facter in the effects of the dynamic macrofauna.

Animzls mixing sediments and altering sediment movements have several
izplications to management decisions. Pollution or other disturbances
useally induce the development of benthic communities which differ. from
those inhabiting undisturbed bottoms. According to Rhoads et al. (1978)
quick colonizing surface dwellers are favored under disturbed conditions.

- Deeper dwelling species are usually not colonizers and may require years
to reestablish populaticns. The loss of deep living benthic animals
decreases the depth of bioturbated sediments and may mean the loss of
nutrients for reeycling. Hale (1975) indicatea the benthos to be the
most important source of nutrient regeneration to Narragansett Bay,
contributing to the Bay's high productivity. COur large seafood industry
depends on the high productivity of ocur Bay and any activity that would
cause ‘a change in regeneration of nutrieants should be carefully evaluated.

Another consideration is that any model predicting the movement of
toxic material within the sediment or between sediment and water must have
a biological mixing coefficient. Models without such a coefficient may
errcaeously predict permanent burial of a harmful toxin within a short time.
Daval et al. (1979) found 137Cs reédistributed primarily by bioturbation at a
2800 = nuclear waste disposal site.  Managers should realize that benthic
anicals, unlike man, do not allow things to be buried and forgotten.

Benthic animals may affect dredge material movements. Engineers may
predict, based on hydrodynamic regime and conventional grain size distri-
bution znalysis, where dredged material may eventually settle.  Unfortu-
rately, spoil sediments passizg over an oyster reef might be deposited as
larger fecal pellets which would accumulate instead of being transported.

If this was polluted dredged material, an ovster reef could be contaminated.

¥acrobenthic organisms are important in understanding the distributiom
and fate of toxins, and in forming hypotheses on the possible effects and
transfiormation of toxicants. Work is now needed to establish biological
mixing rates for the incerporation of animal effects into models predicting
the movement of toxic substances. These rates should be measured using
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different communities, varying temperatures, and under d1fferent stress
levels. Sampling for chemical profiles should be scaled to reflect burrow

sizes and densities, both of which 1mpart a small scale heterogeneity to
the chemical environment.
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Appendix A
Species List

Phylum Cnidaria
€lass Hydrozoa .
Sertularia argentea Linnaeus, 1758
Class Anthozoa
Anthozoa sp. .
Family Edwardsiidae
Edwardsia elegans Verrill, 1869
Family Cerianthidae - '
" Ceriantheopsis americanus (Verrill, 1864)
Phvlum Platyhelminthes ' :
- Class Turbellaria
Turbellarians
Phvlum Rhynchocoela
Class Anopla
Family Tubulanidae
Tubulanus pellucidus (Coe, 1895)
Family Lineidae
Cerebratulus lacteus (Leidy, 1851)
Nemertea sp.
Class Enopla
Family Amphiporidae
Amphiporus bioculatus (McIntosh, 1873}
Amphiporus sp. ‘
Parlum Ectoprocta
Class Gymnolademata
Family Walkeriidae
Aeverrillia armata (Verrill, 1874)
Family Membraniporidae
Membranipora sp.
Family Electridae
Electra crustulenta (Pallas, 1766)
Fhylum Phoronida
' Phoronis sp.
Privlum Mollusca
- Class Pelecypoda
Family Nuculidae
Nucula proxima Say, 1822
Family Nuculanidae L
Yoldia limatula (Say, 1831)
Fanily Arcidze
Anadara ovalis (Bruguiere, 1792)
Anadara transversa {(Say, 1822)
Family Mvtidae
Mvtilus edulis Linnaeus, 1785
Familv Leptonidae
Leptonid
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Appendix A - Species List (cbntinued)

Phylum Mollusca {concinued)

Familw Montacutidae
‘ Alizena elevata (Stimpson, 1851)
Familv Lucinidae

Lucina multilineata Tuomey and Holmes, 1857

Family Veneridae

Germa germa (Totten, 1834)

Mercenaria mercenaria (Linnaeus, 1758)

izar morrhuana (Linsley, 1848)

Family Mactridae

Melinia lateralis (Say, 1822)
Fanmily Tellinidae

Macoma mitchilli Dall, 1895

Macema balthica (L., 1758)

Telilina agilis Stimpson, 1858
Family Solenidae

Ensis directus Conrad, 1843
Familyx ¥vacidae

Mva arenaria (Linnaeus, 1758)
Famile Lyonsiidae

Lvensig hvalina Conrad, 1831
Fanily Pandoridae

Pandora trilineata Say, 1822

Class Gastropoda

Family Caecidae

Czecum puichelum Stimpson, 1851
Familv Calyptraeidae

Creriduia plana Say, 1822
Familv Xaticidae

Natica pusilla Say, 1822
Family Columbellidae

Anachis translirata Ravenel, 1861

Mitrella lunata (Say, 1826)
Familwv Melongenidae

Busveen carica (Gﬂellﬂ, 1790)
Family Yassaridae

Nassarius trivittatus (Say, 1822)
Family Turridae _
fancelia cerina Kurtz and Stimpson, 1851
Fa:i’" fyramideliidae
cstomia inmpressa Say, 1822

fA=tomia Sp. ’

onilla interrupta Totten, 1835

Turbonilla stricta Verrill, 1874
Familw Actecnidae
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Aczeon punctostriatus C. B. Adams, 1840
Familyv Zetusidae
Rerusa canaliculata (Say, 1822)
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‘Appendix A Species List {(continued)
PP

4

1ylnm Mollusca {continued)
Fanily Scaphandridae
Criichna alba Brown, 1827
Fazily Corbubldae
Darifelila obscura Verrlll 1870
Fanily Cratenidae
Crarena Raoruae Marcus, 1957
Phylum Annelida
Class Polychzetra .
Fanilve DGLv"ordlldae
rdius sp.
vilodocidae
oéoce arenae Webster, 1379
coce mucosa Oersted, 1842
s sneciosa (Webster, 1870)
a aeteropoda Hartman, 1931
1'301dae
zmetria commensalis Webster, 1879
ctus sublevis Verrill, 1973
oe extenuata (Grube, 1810)
Hzrzothoe sp. A
tbr?soaetalidae
wznia goodei ‘n-.'ebste:, 1885
norus heteroseta Hartman., 1955
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racilis (Verrill, 1873)
itaria (Webster, 1879)

a (Malngren, 1£63)
(Fhlers 185%)
zus circinata (Verrill, 1%74)

ia
l11fleetensis Pettibone, 1936
rmuta Rathke, 1843
cornuta (Agassiz, 1863}
nidae
vLDa]ua {(Hartmann~%
scura Verrill, 1873
;i?ae -
vilis hartmanae Pet tibone, 1966
esi Pettl“one, 1966
(Treadweil, 191}
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Appendix A Species List (continued)

Phylum Annelida (continued)
Family Nereidae - ;
Nereis succinea (Frey and Leuckart, 1847)
Websterinereis tridentata (Webster, 1880)
Family Capitellidae
Capitellidae sp., A
Capitellidae sp. B
Heteromastus filiformis (Claparede, 1864)
Mediomastus ambiseta Hartman, 1947
Notomastus Sp.
" Family Maldznidae sp.
Asychis elongata (Verrill, 1873)
Praxillela gracilis (Sars, 1861)
Clyvmenella torquata (Leidy, 1853)
Clvmenella Zonalis (Verrill, 1874)
Family Ophelidae
Travisia carnea (Verrill, 1873)
Family Spionidae .
Spio filicornis (0. F. Muller, 1766)
Spio setosa (Verrill, 1873)
Scolecolepides viridis (Verrill, 1873)
Prionospio cirrifera Wirén, 1883
Prionospio pygmaea Hartman, 1961
Prionospio cirrobranchiata Day, 1961
Paraprionospio pinnata (Ehlers, 1901)
Polvdora ligni Webster, 1879
Pelvdora socialis (Schmarda, 1861)
Streblospio benedicti Webster, 1879
Spiophanes bombyx (Claparede, 1870)
- Spiopnanes wigelyi Pettibone, 1962
Family Paraonidae
Aricidea fragilis McIntosh, 1885
Aricidea wassi Pettibone, 1965
Aricidea catherinae Laubier, 1967
Aricidea suecica Eliason, 1920
Fanily Chaetopteridae
Chaetopterus variopedatus (Renier, 1503%)
Spiochaetopterus occulutus (Gitay, 1969)
Family Sabellaridae
Sabellaria vulparis Verrill, 1873
- Family Gnuphi&ae .
Onuphis eremita Audouin and Milne-Edwards, 1833
Diopatra cuprea (Zosc, 1802)
Familvy Eunicidae
Marphvsa sanguinea (Montagu, 1815)
Familv Arabellidae
Arabella iricolor (Montagu, 1804)
Drilonereis longa Webster, 1879

Drilonercis manna Webster and Benedict, 1887
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Appendix A Species List {conrinued)

Phylum Annelida {continued)
Family Amphinomidae
Pseudeurvthoe ambigud (Meare, 1933
amily Magelonidae
Magelona sp.
Magelona rosea Moore, 1907
Family Grbinidaec

Sceloplos rubra (Webscer, 187%) -

Scoloplos robustus Verrlll, 1873

-Scoloplos foliosus Hartman, 1%51

Scoloples acutus (Verrill, 1873}

Scoloplos fragilis (Verrill, 1873}
Family Cirraculidae

Cirratulus grandis Verrill, 1273

Tharvy sp.
Family Oweniidae

Owenia fusiformis (Dell: Chizje, 18%44)
Family Pec¢tinariidae

Pectinaria gouldii (Verrill, 1£7%)
Family Ampharetidae

Asabellides oculata (Webster,
Family Terebellidae

Amphitrite ornata. (Leidy

Loiznia medusa (Sﬂvi"nv

Class Oligechaete
Oligochaere sp.
Phylum Arthropoda
Subclass Ostracoda
Ostraced sp.
Subclass Malacastraca
Order Cunmacea
Familv Leuconidae
Leucon americanus Zimmer, 1953
Family Diastviidae
Oxvurostvlis smithi Galman, 1%12
Order Isopoda i

Family Aatharidae

Cvathura polita (Stimpson,
Prilan ra tenuis (Harger,
Family ¢idae .
Chiridotea caeca (Say, 1313}
E@EEEE E_iiﬂﬁﬁ (Say, 1513)
Erichsonella filiformis (Sav.

Order Amphipod

Familv ; :eli;LluJL

\ﬂPDX;q a abdita Mills, 19h%

Anpelisca vadorum Mills; ‘1463

Ampelisca verrilli Mills, 1967
6




Appendix A Species List {continued)

Phylum: Arthropoda (centinued)
Family Corophiidae
) Ceorophiun tuberculatun
o Erichrhenius brasilie

osis
Uncioia irrorata Sav, 13518
“ Cncicla serraza Shoemaker, 1943
Unciola dissimilis Sho emaker, 1332
Family Gammaridae ' N
Garmarus mucronatus Say, 1818 -
Elasmopus laevis Smith, 1273
Melita nitida Smich, 1873
Familv Lilljeborgiidae
v '~ Idurella sp.
7 Listriella clvmenellae Mills, 135:
Familwy OeuLhratxdac
, Honcculodes edwardsi Holzmes, 1923
N ) Famllv Puotidne
' Phozis &ESEEEEﬂShOC aker, 1933
- Leptocheirus plumulosus Shoemzzer, 1937
Family Fhexecephalidae
’ Tr'cnrnﬂexus epistonus 1873
IS33)
: smirh, 1873}
e Order Decapoda
: Family O
: 1333
19133
Famiiy
Upo s (Say, 1313y
Famiigfg ‘AQ
santice fathbun. L30=
fearpus Yoy, 1517
Milne-Tiwarda, 1334
To#
— 2
>
7

3
¥
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Appendix A Species List (concluded)

Phylum Echincdermata
Class Ophiuroidea
Fazily Ophiodermaridae

Micreopholis atri (Stimpson, 18532)
Class Holothuroidea '

Family Cucumariidae
Thvone briareus (LeSueur, 1824)

Phylum Chordata
Class Ascidiacea
Family Botryllidae

Botrvllus schlosseri (Pallas, 1766)
Familv Molgulidae

Molgula manhattensis (DeKay, 1843)
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Appendix B
) Species and Abundance data for each station collected
- during the 9/78, 4/79, and 6/79 sampling cruises
- ¥
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Station 2§ 9-78

" Box -core section (cm)

ot A P ¢

Taxon 0-5  5-10 16-15 15-20 20-25 25-39 30-35 35-40 40-45

Mollusea ,
Mulinia lateralis 8
Retusa canaliculata 1

Crustacea :
Ampelisca abdica £6 1%
Edotea triloba 2
Leucon americangs’ 86 1=

Polychaera
Glyeinde Solitaria
. %oimia medu§a
Nereis Succinea

N W e R

& - Pardnaitig speciosa
Param e 2k -
Para Lionospio Pinnata
= ~3rap P
nd * contaminatfon from surface
B
B
;
'}
.
£
-
o
»
10,
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Station 27

9-78

Taxon

5~10

10-15 = 15-20

20-25 25-30

Mollusca
Retusa canaliculata

Crustacea
Ampelisca abdita
Listriella clvmenellae

Polychaeta
Ancistrosvlilis hartmanae
Clvmenella torquata
Glycera dibranchiata
Glycinde solitaria
\ Paraprionospio pinnata
Pseudceurvthoe ambigua

Spicphanes sp.
Spionidae

Phoronida
rhoronis sp.

b s W

~, % contamination from surface

.

<
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’ Station 28 - 9-78

Taxon 0-5 5-10 10-15 15-20 20-28

Mollusca
Anadara transversa E 2

Crustacea
Pinnixa retinens 1

Polychaeta
Chaetopterus variopedatus 1
Clymenella torquata 1
Glvcera dibranchiata 1
Glvcinde solitaria L 1 ‘
Maldanidae sp. 1
Nereis succinea : 3
Paraprionospio pinnata 6
Pseudoeurythoe ambigua . 1 1 g 19

Phoronida .
Phoronis sp. 2 N

12
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Station 29

9-78

Taxon

0-5

. 5-10 10-15 15-20

Nezxertea

Cerebratulus lacteus

Mollusca

Ensis directus
Mulinia lateralis
dostomia impressa
fRetusa canaliculata

Crustacea

Ampelisca abdita
Ampelisca verrilli
Cyanthura polita
Ostracod

Polychaeta

Ancistrosyllis hartmanae

Drilonereis longa
Glvcera dibranchiata
Loimia medusa
Orbiniidae sp.

" Pseudoeurythoe ambigua
Scoloples rubra
Terebellidae sp.
Tharvx sp.

PhoronidaA
}Phoronis Sp.

SR

N = O 0

2%
3%

contamination from surface

i3
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Station 30

o T e

9-78

Taxon

0-5

5-10  10-15 15-20 20-25

25-30

) Mollusca

Acteon punctostriatus
Bivalve sp.

Crustacea
Ampelisca abdita
Edotea triloba
Leucon americanus
Melita nitida
Neomvsis americana
Ostracod

Polychaeta
Glycinde solitaria
Loimia medusa
Nereis succinea
Paraprionospic pinnata

3,080

W b

NN

6% 6% 3%

* contamination from surface

14



Station 31

Taxon 0-5 5-10 10-15
Polychaeta
Prionospio sp. lf
Pseudoeurythoe ambigua 1

* contamination from surface

15
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Station 32

- 9-78

Taxon

0-5

5-10 10-15

15-20

Mollusca
Anadara transversa
Retusa canalicula;a

Crustacea
Ampelisca abdita
Leucon americanus
Listriella cilymenellae
. Ostracod :

Polychaeta
Clymenella sp.
Glycera dibranchiata
Orbiniidae sp.
Paraprionospic pinnata
Pectinaria gouldii’
Praxillela gracilis
Pseudoeurythoe ambigua
Sigambra tentaculata

Ll

s e

N AW b

1*

* contamination from surface

16
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Station 33 9-78
Taxon 0-5 5-10 10-15 15-26 20-25 25-30 30-35 35-40
Crustacea
Unciola irrorata 3%
Polychaeta
Nereis succinea 2
Pseudoeurythoe ambigua 1

L

* contamination from surface.
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Station 34 9-78

" Taxon

g-5 - 5-10 10-15. 15-21

Mollusca
Odostomia sp.
Retusa canaliculata

Crustacea
Neomvsis americana
Pinixa retinens

Polychaeta
Ancistrosyllis sp.
Glvcinde solitaria
Haldanidae sp.

Nereis succinea
Orbiniidae sp.
Paraprionospio pinnata

Pseudoeurvthoe ambigua

P B b b b AR
H

18




Scation 35 2-78

Taxon |  0-5 5-10 10-15 15-20 20-25 25-30 30-38.

Mollusca
Anachis translirzta
Anadara transversa
Retusa canaliculata
Turboniila interrupta

.1*

RN S ]

Crustacea
Ampelisca abdita
Corophium sp.
Liscriella clymenellae
Neoovsis americana 1*
Ostracod 2
Pinnixa chaetopterana -1
P. retinens : 1

b
b O
[
»

Polychaeta
Clvzmenella torquata -3 1
Glvcera americana 1
Goniadidae sp. 1
Harmorhoe sp. A 1
Nepatyidie sp. :
Notomastus sp. .
Paleanotus heteroseta . 1
Paraprionospio pinnata 2
Pectinaria gouldii 5 1
Pseudoeurvthoe ambigua 1 2 1

bt b

Echincdermata
Micropholis atra 1

* contamination from surface

19



Sration 16

9-78

Taxon

5-10

10~

15-20

¥ollusca

Anadara transversa
. : Retusa canaliculata
. : Turbonilla interrupta

Crustacea
Ampelisca abdita
et ’ Arpelisca vadorum
% Ampelisca verrilli
M Curophium tubercuislium
Edotea triloba
Dstracod

Polychaeta

i ‘ dmpharetidae

- ' Cirratulidae sp.
v Nephtyidae sp.
Xerels succinea
Paraprionospio pinnata
Pectinaria pouldid
Polvesrdiug sp.
Pseudoeurythoe amb.gua

‘ Sabelliarta vulearis

k/ > Tharvy sp.

Ascldacea
- Molrula manhattensis

2

i 0 b N R Y

[

16

te

1#

* contamination {rom surface

i
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Station 27

- Taxon “O0=5

5-10 10-18.3

Mollusca
Mualinia lateralis

1)

Crustacea }
Neomvsis americana ) [

Polychaeta
Ampharetidae sp.
Ancisrtrosvlilis hartmanae
A, jonesi
Bhawansa goodesi
Drilonereis lonva
Glvcera dibranchiata 1
Paraprionospio pinnata 3
Pseudoeurvthoe ambicua

Phoronida
Phoronis sp. ¥

i=®

[ S )

o~
N

* contamination from surface



B

Station 38

9-78

Taxon

0-5 5-10 10-15 15-20 20-25 25-30 30-33 35~40 40-51

Mollusca
Mulinia lateraiis

Crustacea
Ostracod sp.

Polychaeta
Clvcera americana
Glvcinde sciitvaria
Loimia medusa
Paleconotus heterosetra
Parapriono<pio pinnata

Pectinaria gouldii
Pscudoeurvtheoe ambizua

WY ket i pd

1*

22
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Station 39

9~78

Taxon

0~5

5-10

10-15

Mollusca

Turbon.lla interrupta 1

-Crustacea

Ampzlisca verrilli

Callianassa atlantica

Pinnixa chaetopterana -1

Pinnotheridae sp.
Prilanthura tenuis

Trichophoxus epistomus 2

Polychaeta

Arabellidae sp.
Cirratulidae sp.

Glycera dibranchiata

Glycera sp.
Nephtvs sp.

Orbiniidae sp.

bt 1 e

Paleanotus heteroseta

Paraonidae

Phyllodocidae

Pseudoeurvthoe ambigua

Echinodermata

- Micropholis atra

1%

P b

1%

=

* contamination from surface
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Station 40 8-78

Taxon 0-5 5-10 10-15 15-20 20-25 25-33

Mpllusca
Acteon punctostriatus
Anadara transversa
Busycon carica .
Ensis directus : 1
" Odostomia impressa '
Retusa canaliculata

1%

bbb

O

Crustacea
Ampelisca verrilli 1 »
Anthuridae sp. . 1%
Listriella clymenellae 1 1
Pinnotheridae sp. 1 :
Unciola irvorata 1

Polychaeta
Amphinomidae sp. 1
Capitellidae
Glvcera armericana 1
Harmothoe sp. A
Maldanidae sp.
Nerxeis succinea
Paleanotus heteroseta
Phyllodocidae
Pseudeurythoe ambigua 2. 1
Sabellaria vulgaris 5

Pt ot et o

Ll ol
o
ot
[

b

Echinodermata
Micropholis atra 1

Phoronida
Phoronis sp. 1

Ascidacea
Molgula manhattensis 1

* contamination from surface
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Station 41 9-78

Taxon : _ 0-5 5-10

16-15 15-20 20-24

¥ollusca :
Anadara transversa 11
Odostomia sp. 1

Crustacea
Ampeliscidae sp. 1

Polychaeta
ancistrosvllis sp.
Heteromastus filiformis
Maldanidae sp.

Nereis succinea
Paleanotus heteroseta
Paraprionospio pinnata
Pectinaria gouldii
Pseudoeurvthoe ambigua
Sabellaria vulgaris
Spionidae sp.

O N N oA

2%

% contamination from surface

25



Station 42 9-78

Taxon

0-5

5-10 = 10-15 15-20  20-25  25-30

30-36

Mollusca
Anadara transversa
Mulinia lateralis
Yoldia limatula

Polychaera
Glvcera americana
Maldanidae
Nephtvs picta
Nereidae
Paleanotus heteroseta
Phyllodocidae
Pilargidae
Pilargis sp. 4
Pseudoeurythoe ambigua

sizambra sp.

Pt
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Station 43 9-78

Taxon 0-5 5-10

10-15 15-20 20-24

Mollusca
Aligena elevata
Nucula proxima
Retusa. canaliculata
Yoldia limatula

L ]

*

Polychaeta
Capitellidae sp. 1
Harmothoe sp. A
‘Maldanidae sp.
Nephtys sp. 2
Orbiniidae sp. .
Paleanotus heteroseta 1
Paraprionospic pinnata 3
Pilargidae sp.
Praxillella gracilis 1
Pseudoeuryrhoe ambicua 1
Sigambra tentaculata

[

Echinodermata
Micropholis atra 1

27
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Station 44 9-78

Taxon 0-5 5-10 10-13

Mollusca
Acteon punctostriatus
Mangelia. cerina
Mulinia lateralis
Natica pusilla
Retusa canaliculata
Tellina agilis
Turbonilla interrupta

()]
Pt Dol e N i D

Crustacea
Neomysis americana
Ostracod
Oxyurostylis smithi-

BN b

Polychaeta
Arabellidae
Glvcerz dibranchiata
Glycera sp.
Clycinde solitaria
Maldanidae

[ Wl

e Ny ped

28
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Station 45 . 9-78

Taxon “0-5 5~10 10-15 . 15-20 20-27

Mollusca
Busycon carica . R &

3
¢
g
£
£
¥
x

Polychaeta . -
ok Ampharetidae sp. 1
- : Glycera americana 1
: Pseudoeurythoe ambigua 4 3 1 2
Scoloplos robustus 1

- Tharyx sp. - i o 1
Phoronida
Phoronis sp. 1
f
;
i 29
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Station 46 9~-78

Taxon B 0-5 5-10 10-18

Mollusca
Odostonia sp.
ERI Pirar morrhuana
: Retusa canaliculata
Tellina agilis
Turbonilla interrupta
Yoldia limatula

S ON e e

N ’ : Crustacea
. Ampeligca abdita
- . : Libinia dubia
i . Paguridae sp.
: Unciola serrata 1*
Upogebia affinis 1

bt et o

Polychaeta

; Glycera americana 1

- Glycinde solitaria
Glvcinde sp.
Heteromastus filiformisg ) 1
Asychis elongara
Paleanotus heteroseta
Pectipnaria gouldii
Pseudoeurvthoe ambigua

N et

el
-t

Nemertea ]
Cerebratulus lacteus 1

Phoronida
 Phoronis sp. 1

- - ' Echinodermata

Micropholis atra I

* Contamination from surface

w
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Station 47

9-78

Taxon

5-10

10-15 ~15-20 20-25 - 25-30

20-38

Mollusca
Retusa canaliculata
Tellina agilis
Turbonilla stricta

Crustacea
Ampelisca abdita
Ostracod sp.
Oxvurostylis smithi
Pinnixa chaetopterana

Polychaeta
Aglaophamus circinata

¥ Glvcoinde solitaria

Goniadidae sp.
Maldanidae sp.
Orbiniidae sp.
Paraprioncspio pinnata

B O VPR I N,

Spionidae sp.
Tharyx sp.
Terebellidae sp.

Phoronida
Phoronis

e

N

Pt b D b

31
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Station 48

9-78

Taxon

0-5 5-10 - 10-18

Mollusca
Mulinia lateralis
Odostomia sp.
Retusa canaliculata
Tellina agilis

Crustacea
Ostracod sp.

Polychaeta
Glycinde solitaria
Loimia medusa
Paraprionospio pinnata
Pseudoeurythoe ambicua

~ W

32




Station 49 : 3-78

Taxon . 0-5 5-10 10-15 15-20 20-25 23~30 30-35 35-40 40-45 45-30 53-55

Molluszca
Acteon puncrostriawus 1*
Cyvlichna alba
Macoma b.lthica
Muiinia lateralis
Retusa canaliculata
Yoidia limatula -

RN ]

Crustacea
Ampelisca abdita 1
Listriella civmenellae 1
- : Upozebia afiinis

b
[

Polychaera
Aricidea fragilis 1 1
Clycinde solitaria 1
HMaldanidae sp. 1
Paleanotus heteroseta 1
Parcprionospio pinnata 3 1
Tharvx sp. 1

Phoronida . )
Phoronis sp. 1 1%

* coptamination from surface

33
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Station 50 9-78
o
;e
° Taxon 0-5 5~10 16 15 15-22
s, ¥ollusca
77 Tellina apilis 3
v
, 4
’ Folvehaeta
Arabellidae sp. 1 1 1 2
Lo Cirratulidae sp. 1
Drilonereisg lonea 2 1
. v fivcera dibranchiata 1
e , 6. rchusta 2
: G. sp. 1
5 Marelona sp. 1
Urbiniidae sp. 1
Pseudoeurvehee ambigua 1
- Scoloplos rubra 1
Splonidae sp. 1
E
el
i
- A
£
.
;,
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Station 76

6-79 -

Taxon 0-2 2-5 5-10 10-15 15-20 20-30 30=40°

Platyhelminthes

Turbellaria sp. (aysx 5 1
Nemertea

Amphiporus biococculatus 41 1

Amphiporus sp. 3 ,

Cerebratulus lacteus (b) : 1
Mollusca

Macoma balthica (c) 20 4

Mulinia lateralis (d) 15

Mva arenaria (e) 25

Odostomia sp. (£} 6

Tellinidae sp. 2
Crustacea .

Ampelisca abdita (g) 1106 15 15% 21% 9% 1% 3%

Edotea triloba (h) 3

Gammarus mucronatus (i) 130 1 3* 4= 1%

Leucon americanus ) 4

Melita nitida (k) 103 5 3% 2%
Polychaeta

Eteone heteropoda (1) 3

Glvcera americana 1

Glycera dibranchiata (m) i

Glvcinde solitaria (n) 85

Heteromastus filiformis (o) i3 3

Modiomastus ambiseta (v) 2 2

Nereis succinea (p) 270 3 3 1 2

Paraprionospio pinnata  {(q) . 3

Pectinaria gouldii : (r) 58 1 1% 1%

Polvdora licni (s) 141

Scolecolepides viridis - (&) 2

Scoloplos frapilis 2 1

. Streblospio benedicti (u) 305 1 1o=* o

Gligochaeta sp. 5 1

dead Hydroid nat (m) p

* contamination from surface

:’z*]c

yo-t o

letters refer to drawings in Appeadix €.
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T ‘ Station 77 6-79
ﬁ
N
-
R Taxon - 0-2 2-5. 5-10 10-15 15-20  20-30
Ectoprocta
Merbranipora sp. ; P
At .
,4" - Mollusca
Anadara  transversa (a) 1
‘Lyvomsia hvalina (o) 1
v Macoma balthica : (c) 1
A Mulinia lateralis (d) 16
: . Mva arenaria (e) i o 1= 1%
~— T . Odostomia sp. £ i
- ‘\‘
Crustacea
. Ampelisca abdita - (g) 3 1*
C e Cranzon septemspinesa  (h) 1
Polychaetﬁ
e Ancistrosvllis jonesi (1) 1
S Clvmenella torquata &) ' . 1
. Etecone heteropoda k) 1 ix
Glvcera americana (1) 1 1
Harmorhoe extenuata 1%
i . Hesionidae sp. . 1%
.' 1 Nereis succinea (m) 14 2 1
Peczinaria gouldii {n) 14 1 1=
e ) Polvdora ligni 2 1 1*
Pseudeurvthoe ambigua  (p) 2 1 3 6 1% 6
f : . Sicazhra tentaculata - {q) 1
' Streblospio benedicti (r) 17 7 1
o Oligochaeta sp. _ 1
A
P * contazination from surface 4
v .
-E' e
N
- y"‘:;‘". 36
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Siation 78 6-75

Taxon

0-2 2-5 5-10 10-15 15-20 20-30 30-40

Nemertea :
Amphiporus bioculatus (a) &
Amphiporus sp. : 2
Mollusca
Macoma balthica (b) 3 7
Mulinia lateralis (c) 10
Mya arenaria (d) 6
Odostomia sp. (e) 2
Retusa canaliculata (£) ) 4
Crustacea
‘Ampelisca abdita (g) 1837 62 - 30%* 17% 6% 2% 3%
Edotea triloba (h) 12 1 1%
Garmarus mucronatus (i) 28 1 2%
Leucon americanus (1 345 3 3% 1%
Melita mnitida (k) 732
Polychaeta
Asabellides oculata (1) 1
Capitellidae sp. 5 2 1
Eteone heteropoda (m) 42 1
" Heteromastus filiformis (n) 7 2 1
Mediomastus ambiseta (o) E 1
Nereis succinea (p) 55 5
Paraprionospio pinnata () 10 2 :
Pectinaria gouldii (r) 21 1 1%
Polvdora ligni (s) 8 1
Scoloplos fragilis () 1
Streblospio benedicti {u} 523 9 13* 3% 1=
Oligochaeta sp. 1
* contamination from surface
37
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Station 73 6-79

Taxon . : 0-2 2-5 .5-10 10-15 15-20 20-30 30-40
Mollusca
Macona, balthica (a) I 1
M. mitchilli )] 1
Mulinia latcralis (c) 6 1
Retusa canaliculata (a) i
Crustacea
Ampelisca abdita (e) 2
Polychaeta )
Ancistrosvllis jonesi (f) 1
Asabellides oculata () 2
Eteone heteropoda (h) 12 1=
Glvcinde solitaria (1) 10 1
Nereis succinea (i) 4 1
Parapricnospic pinnata (k) 11 14 5 1
Pectinaria gouldii (1) ' 1=
Pseudeurvthoe ambigua (m) 3 10
Scoloplios acutus (n) 2 .
Sigambra tentaculata (o) 1
Streblospio benedicti ~ (p) - 55 1
Oligochaeta sp. - 2

* contamination from surface

38
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Station 80 6-79
; : Taxon 0-2 2-5 5-10 10-iZ 15-20 20-30 30-40 40-50
“. T F :
ﬁ?/ ’ ' Platyhelminthes
; Turbellaria sp. (a) 1
. Renertea
AT , . Cerebratulus lacteus (b) 1 2
S : _ ¥ollusca :
: Macoma balthica {c) 7 9
. Mulinia lateralis (d) 27 2 1=
;‘ ’ - Crustacea
’ Ampelisca abdita (¢ 80 2 8% 4=
. Polychaeta
Eteone heteropoda (£) 7
Glycera dibranchiata (g) 1
Glyceridae sp. 1
_ Glycinde solitaria’ (h) 1
A o ‘Heteromastus filiformis (i) 9 26 7
Yereis succinea (k) 14
- - Paraprionospio pimnata (1) 15
‘ - Pectinaria gouldii (m) 64 1 3%
i - Pseudeurythoe ambigua - (n) 1
Scelecolepides viridis (o) . 1
’ Scoloples fragilis {(p) 2 2
Streblospio benedicti (q¢)- 198 1 2% 2%
: Oligochaeta sp. 4 3
—- r ~ cead hydroid mat
q
RS O CN ' 39
- -"' )
: . s e s e - [
f . - 4
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Station 81

€~-79

Taxon

0-2 2-5 5-10 10¢-15 15-20 20~30 30-40 40-30

Plactyhelminthes

Turbellaria sp. (a) 2 9 1 1%
Nemertea ’
Amphiporus bioculatus  (b) 1
Nemertea sp. 1
Mollusca
Lyonsia hvalina {c) 1
Mulinia lateralis (d) 19
Mya arenaria (e) 1
Retusa canaliculata (£) 2
Crustacea
Ampelisca abdita (g) 1
Edotea triloba 1- . 1%
Leucon americanus (k) 6 1%
Polychaeta
Eteone heteropoda (i) 41 2%
Glvcinde solitaria i) 1 1
Gyptis brevipalpa 1
Heteromastus filiformis (k) 2
Loimia medusa (1) 1 3 1
Nereis succinea (m) 3
Paraprionospio pinmata {(n) 2 1*
Pectinaria gouldii (o) 665 12 15 9% 1= 1*
Polvdora lieni (p) 1
Pseudeurythoe ambigua - (q) 7 10
Scoloplos tragilis {r) 5
. Streblospio benedicti (s) 8
Oligochaeta sp. (t) S 6
% contamination from surface

40



" Station 82

6-79 -

Taxon 6~2 2-5 5-~10 10-15 15-20 20-30
Mollusca
Ensis directus (a) 1
Macoma balthica (b) 1
Mulinia lateralis (c) 3
Mytilus edulis (d) 2
Crustacea
Ampelisca abdita (e) 9
Gammarus mucronatus (f) 3
Polychaeta
Asabellides oculata () 2
Eteone heteropoda {h). 3
Heteromastus filiformis (i) 3
Nereis succinea (&) 2 1
Paraprionospio pinnata (k) 1 1
Pectinaria gouldii (1) 18
Polvdora ligni Am) 1
Streblospio benedicti (n) 152 1
41
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Station 83

6-79

Taxon 0-2 2-5 5-10 1u-15 15-20 20-30
Nemertea
Cerebratulus lacteus (a) 1
Mollusca
Macoma balthica (b) 2 2
M. mitchelli (c) 1 2 -
Mulinia lateralis (d) 24 1
Mya arenaria (e)
Crustacea
Ampelisca abdita (£f) 12
Leptocheirus plumulosus (g) 1
Polychaeta
Eteone heteropoda (h) 2
Glvcinde scolitaria (1) 2 3 3
Heteromastus filiformis (j) 1 1
Loimia medusa (k) 1 1
Mediomastus ambiseta (1) 23
Nereis succinea (m) 2 1 1 1 1
. Paraprionospic pinnata (n) 1 .9 13 2
Pectinaria gouldii (o) 33
Polydora ligni 2
Pseudeurythoe ambigua (p) 1
Streblospio benedicti  (q) 120 7 1
42




Station 84 6-79

Taxon

0-2 2-5 5-10. 10-15 15-20 20-30

30-40

Nemertea
Cerebratulus lacteus
Nemertea frag.

Mollusca
Acteon punctostriatus
Cratena kaoruae
Ensis directus
Lyonsia hvalina
Mulinia lateralis
Mya arenaria
Retusa canaliculata

Crustacea
Ampelisca abdita
Corophium tuberculatum

Leucon americanus
Listriella clymenellae
Oxyurostvlis smithi
Paracaprella tenuis

- Polychaeta
Asabellides oculata
Clymenella torquata
Eteone heteropoda
Glycinde solitaria
Mediomastus ambiseta
Nereis succinea
Paraprionospio pinnata

Pectinaria gouldii
Polydora ligni
Pseudeurythoe ambigua
Scoloplos fragilis
Sigambra tentaculata
Streblospic benedicti
Tharyx sp.

Phoronida
Phoronis sp-.

@

1
2
1
(c) 3
(d) 1 1
(e) 533 7
(£) 421 14 8%
(g) 4
(h) 5 2% i*
(i) 53 2
(i 5
(K} 1 1
(L 1
(m) 1
(n) - 2
(o) 30
(» 11
(q) 36
{r) - 13
(s) 140 1
() 26 .5 -
(u) 8 19 4
(v) 163 15 4
(w) 3
(%) 3 4
) 1 1 2
(z) 11
(aa) 229 5 3%
(bb} 1
(cc) . 1

3%

1*

* contamination from surface

(b) Cerianthus americanus

in dissecting core
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Station 85 6~79

Taxon 0~2 2-5 .5~10 10-15 15-20: 20-30 30-40 -40-~50
Nemerﬁea
Amphiporus bioculatus. (a) 1
Mollusca
Mulinia lateralis (b) 69 1%
Retusa canaliculata (c) 9
" Crustacea ] »
" Ampelisca abdita (d) 22
Crangon septemspinosa (e) 1
Polychaeta
Eteone heteronoda () 26 3
Glvcera americana (g) 1
Glveinde solitaria (h) 2
Paraprionospic pinnata (i) 1 i
Pectinaria gouldii GD) 45 2
Polvdora ligni (k) 1%
Pseudeurythoe embigua (1) 1 1
Scoloplos fragilis (m) 1 3 3
Sigambra tentaculata  (n) 4
Streblospio benedicti (o) 11 1 1
Oligochaeta sp. €] 2 2
* contamination from surface
44
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Station

Taxon

Mollusca
- Mulinia lateralis

Crustacea
Leucon americanus

Polychzeta

Eteone heteropoda

Pectipnaria gouldii

(a)

(&)

{c)
(d)

Streblospio benedicti (e)
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Station 87

o b e o i

6-79

e

Taxon 0-2" 2-5 5-10 16~13 15-20 20-30 30-45
Platyhelnminthes
Turbellaria sp. (a) 2 1
Mollusca
Acteon punctostriatus 1
Ensis directus (b) 6 1
Lyonsia hyalina {c) 18 4
Mya arenaria {d) 4
Mulinia lateralis (e) 1107 44  19=
Odostomia sp. (£) 11 1
Retusa canaliculata (g) 7 1
Crustacea
Ampelisca abdita (h) 1
Leucon americanus (1) 4
Polychaeta
Asabellides oculata ) 3
Cabira incerta (k) 1
Eteone heteropoda (1) 10 1
Glycera americana (m) 1
Glycinde solitaria (n) 7 1
Lepidametria commensalis (o) 1
Loimia medusa (p) 2
Modiomastus ambiseta (q) 50
Nereis succinea (r) 1
Paraprionospio pinnata (s) 17 39 9 1
Pectinaria gouldii (t) 628 39 12 I* 3%
Polvdora ligni (u) 1
Scoloplos fraeilis (v) 1 1 3 1
Sigambra tentaculata (w) 9 6 3
Streblospio benedicti (x) 84 4 1=
* contamination from surface
46



Scation 88

6~79

2-5 5-10 10-15 15-20 20-30 30-30 40-50

Taxon 0-2
Nemertea
Tubulanus pellucidus (a) 1 1
Mollusca o
Alizena elevata (b) 1
Fnsis directus (d) 3 2
Lvonsia hyalina “(e) 11
Mulinia lateralis (£) 161 4 1*
Mya arenzria - (g} 1
Retusa canaliculata (h) 2
Ieliina agilis (1) 1
Turbonilla Interrupta (i) 2
Yoldia limatula (k) 1l
Crustacea
Ampelisca abdita (4! 10
Corophium tuberculatum (=) 9 3 i 2%
Cranzon septemspinosa (n) 3
Ericnrhonius brasiliensis (o)} 10 I
Leucon americanus {(p) 11
Listriella clvmenellae (q) & 1 2
Ozvrides limicola (r) 1
Paracaprella tenuis {s) 4 1 1=
Photis dentata () 1
Polychaeta :
Asabellides oculata {a) 5
Asvchis elongata (v)
Clvzenella torquata {w) 4 2 2
Eteone heteropoda (x) 3
Giveera americana () 1
Glyceridae sp. ) .
Glveinde solitaria {z) 7 1
Gvptis brevinalpa (aa) 1 i
Heteronastus filifor~is (bb) 1
Medicmastus amhiseta (cc) 42 2.
nereis succinea (dd) 2
Paraprionospio pinnata (ee) . 28 37 7 2
Pectinaria gouldii (ff 142 2
Polvdora lipni {s2 8
Pricnospio cirrifera {hh) 1
Pseudeurvthoc ambigua (ii} 17 1 1 iz 3
Sceioplcs fragilis IGED 2
Si-azzbra tentaculata (kk) 2 i 1
§Z}ebiospio benedicti (11) 132
Tharvx sp. ) 1 1
57
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6-79 (continued)

Taxon , 0-2

L3

5-10 10-15 15-20 20-30 30-40 40-30

As~idiacea
Molgula manhattensis (any 1

* contamination from surface
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Station 8% 6~-79

0-2 2-5 5-10° 10-15 15-20 20-30

Nemértea
Tubulanus pellucidus

Ectoprocta
Meobranipora sp.

Mollusca .
Alizena elevara
Anadara transversa
Ensis directus
Lvansia hvalira
Mitrella lunatc
Mulinia lateralis
Mya arenaria
Nucula proxima
Retusa canaliculata
Tellina agilis
Tarbonilla interrupta
Yoldia limatula

Crustacea _
Asdselisca abdita
Ampelisca vadorum
Ampelisca verrilli
Caprella penantis
Corophiun tuberculatum
tdotea trileocba
Erichthorius brasiliensis
Erichsonella filiformis
Garparus muoronatus
Listriella clvmenellae
Ostracod sp.

Polvchaeta
Arabella iricolor
Arapeliidae sp.
Asabellides oculata
Bhawanid pgoodedl

Cabira incorta
Capitellidae sp.
Civrenella zorquata
Clvmenella zenails

Glvcera americana

Giveinde sositaria -

.

wr
/

| B

(a)

(®)
(c)
(d)
(e)

)
(g)

(h)
(1)
(3)
()

(1)

(m)
(n)
(o)
(»
(q)

{r)
(s)

()

(u)
(v)
()

(x}
(y)
(=2}

aal

11 1
P
s 5 1 2
16 1% 2% 3%
N _
9 2%
1
5
1
1
16 1
31
9
6
26 2 2% b 2%
1
1
63 25% 11%  15%  10%  33%
2*
5 1% 1% :
7 6 1* lt 1:?
1 1%
1% 1%
7 73 4
1
1
3
2 1
1 1
) 1
0 51 11 5 4 5
19 8 3 3 1
15 1
11 1%
LS9
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Station‘89 6-79 (continued)

Taxon 0-2 2-5 5-10 10-15 15-20  20-30

Pdlyéhaeta (continued)

Gyptis brevipalpa (bb) 1 2
Harmothoe extenuvata (ce) , 1
Heteromastus filiformis  (dd) 62 39 7 1 2 1
Maldanidae sp. - 3 5 1 1
Mediomastus ambiseta {ee) 34 24 1 :
Nereis succinea (££) ) 3 1 2
Owenia fusiformis (gg) 1 '
Paranaitis speciosa . (hh) 2
T raprionospio pinnata - (ii) 8§ 2 2%
rectinaria gouldi 287 15 10 6* 2% 2%
Phyllodoce mucosa (i1) . '
Polvdora ligni (kk) 37 1 1% 1% 8%
Prionospio cirrifera 1 )
Pseudeurytheoe ambigua (ram) 37 128 30 33 4 38
Sabellaria wvulgaris (nn) 6 7% 1* 7* 7% 13
Sigambra tentaculata {(o0) 1 5 2 1 2
Streblospio benedicti 233 33 4%
haryx sp. . 3

Oligochaetre sp. 6 5

Phoronide
Phoronis sp. 4

Ascidiacea
dMolgula manhattensis 2

* contamination from surface
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station 90 - 6~79
' -
e Taxon 0-5 5-10 10-18
Nemertea ]
- Cerebratulus lacteus (a) "1
iy
- -
Ce ; . Phoronida
A - Phoronis sp. (b) 1
‘;A‘ ) Mollusca . .
’ Aligena elevata » {c) 4 : 1
PP ; : Ensis directus (d) 19 9 2
T B Lyonsia hvalina (e) 9
S, ; Mulinia lateralis (£) 27 4
. Mva arenaria (g) 2
B Tellina agilis - (h) - 3 1 1
— Crustacea :
Ampelisca abdita (i) 1
Chiridotea caeca (i) 1
Erichthonius brasiliensis (k) 1
‘ Monoculodes edwardsi - (1) 5 1
e . : Oxvurostylis smithi (m) 5 1=
e .. : Trichophoxus epistomus (n) 1
Polvchaeta
- Asabellides oculata (o) 1
Glvcera americana (p) 22 3
Heteromastus filiformis (q) 2 2 1
Mediomastus ambiseta (r) 9 3
Nephtvidae sp. (s) 1
Pectinaria gouldii (t) 1
Polvdora ligni (u) 1
- o Pseudeurvthoe ambigua (v) 2 1 7
Scolecolepides viridis (w) 2
Scoiclepis sauamata (=) 1
Scoloplos fragilis 82 ' 1
Scolorios rubra (z) 3 1 2
Spiophanes brmbyx (aa) 194 77 35%
Streblosnio benedicti (bb) 22 S
Tharvx sp. (cc) 21 12 2
© Travisia carnea (dd) 1
o ‘ Oligochaete sp. (ee) 87 3
;’ : * contamination from surface
L -
%
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Station 91 6-79

Taxon 0-2 2-5 5-10 ~ 10-15 - 15-20
Nemertea
Tubulanus pellucidus (a) 2
Mollusca -
Acteon punctostriatus (b) 4
Aligena elevata (c) 1 1 1 7
Aradara transversa (d) 2
Caecun pulchellum 1 :
Ensis directus ' (e) 19 - 3 1 ; 2
Lucina multilineata (f) 5
Lvonsia hyalina (g) A4 - 2%
Mercenaria mercenaria ¢h) 1
Mulinia lateralis (i) 37
Nucula proxima (i) 3
Retusa canaliculata (1) 12 1%
Tellina agilis (m) 20
Turbonilia interrupta (n) 3
Crustacea
Ampelisca abdita (p A
“Ampelisca verrilli (q) 15
Callianassa atlantica (r) 1
Caprella penantis (s) 29 1=
Corophium tuberculatum (t) 6 - 1%
Erichthonius brasiliensis (u) 7
Ganmarus nmucronatus (v) 4
Listriella clvmenellae (w) 3 2 4 2
Monoculodes edwardsi (x) 1
Oxvurostvliis smithi (y) 7
Paracaprella tenuis (z) ' 1=*
Parametopella cypris 1 '
Unciola serrata (aa) 3
Polychaeta
Aricidea catherinae (bb) 1
Aricidea wassi {(cc) ) 1 1
Asabellides oculata (dd) 1 1
Asvenis sp. {ece) k 1
Bhawania goodei (f£) 2
Brania wellfleetensis 3 1 1 2
Capira incerta (gg) 2 2 3 5 4
Capitellidae sp. ) 1
Clvmenella toraquata ity - 9 6 2 4 5
Drilonereis mazna (1) 1
52




Station 91 6-79 (continued)
Taxon 0-2: 2-5 5-10 15-20
Polychaeta (continued)
Eteone heteropoda (kk) 2
Glycera americana an 21 2 1
Glycinde sclitaria - (mm) 2
Goniadides carolinae {nn) 1
Heteromastus filiformis (oo) 12
- Magelona rosea
Mediomastus ambiseta (pp) 37 2 2
Nephtvs incisa (aq) 2 1
Nereis succinea (rr) 4
Pectinaria couldii. (ss) 48
Polvdora lieni (ct) 45 S
Pseudeurvthoe azbigua (uu) 4 5 4 22
Sabellaria vulgaris (vv) 2
Scoloples rubra (w) 1
Sigambra tentaculata (xx)
Spio filicornis (yy) 1
Spiophanes bombvx (zz) 131 52 8 4%
Streblospio benedicti (ab) 710 18 117 10*
Tharvx sp. {ac) 16 1
Oligochaete 20 1 1 5%
Phoronida
Phoronis sp. (ad) 1
* contamination from surface
53
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- Station 92 6-79
-~:~§$ﬁf' ' o " Taxon 0-2 2-5 5-10 10-15 15-20 20-30 " 30-40 40-50
. Molliusca
ey T T Tellina agilis (a) 1
; R ‘ Polychaeta :
Asychis elongata () ' 1
Glvcinde solitaria (c) 2 1
Gyptis brevipalpa (d) 1
Heteromastus filifornis (e) . 1
P Mediomastus ambiseta (f) 13 8
’ Paraprionospio pinnata {g) 3 4 & 1 1=
s Vs Pectinaria gouldii (h) _ 1 1 :
B ‘ Pseudeurvthoe ambigua (i) 2
< Sigambra tentaculata ) 1 1 1
) Streblospio benedicti (k) i1 7
// i * contamination’from surface
. ,5
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Station 93 6-79
Taxon 0-2 2-3 5-10  10-15 15-20 20-30 30-40 40-50
Platyhelminthes
Turbellaria sp. (a) 3
Nemert.2a
Tubulanus pellucidus (e) 1
Mollusca
Ensis directus (d) 1 1
Lyonsia hyalina (e) 2
Mulinia lateralis (£) 73 10
Crustacea
Ampelisca abdita (g) 11 3 1% 1*
Corophium tuberculatum (h) 6
tdotea triloba (i) L
Leucon americanus (1) 25 2
Ogyrides limicola (k) 1
Paracaprella tenuis (1) 1
Polychaeta
Asvchis sp. (m) 1
Asabellides oculata (n) 102 23 1
Eteone heteropoda (o) 7 2
Clycinde solitaria () 2 2
Heteromastus filiformis (q) 1
Mediomastus ambiseta (r) 3% @
Nereis succinea (s) 3
Paraprionospio pinnata (t) g 34 13 3
Pectinaria gouldii (u) 234 27 4
Polydora ligni (v) 3
Prionospio cirrifera (W) i
Pseudeurvthoe ambigua .= {x) 3 3 2 1
‘Scoloplos fragilis (y) 11
Sigambra tentaculata (z) 23 6 1
Streblospio benedicti (aa) 176 20 3
Tharvx sp. (bb) 1
Oligochaeta sp. 1

(b) Cerebratulus lacteus found in the

-

*  contamination from surface
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Stacion 94 6~79

Taxon

0-2 2-5 5-10- 10-15 15-20 20-30

30-40

Nemertea
Tubulzanus pellucidus

Phoroanida
Phoronis sp.

Mollusca
Fusis directus
Lyonsia hvalina
Mitrella lunata -
Muliinia lateralis
Qdostozia sp.
Rerusa canaliculata
Tellina agilis
Yoldia lizatula

. Crustacea

Ampeiisca abdita
Corophium tuberculatum
Crangea septemspinosa
Edotea triloba
Erichrthonius brasiliensis

(a)

(b)

(c)

@

(e)
(D
(2)
(h)
(1)
1)

()
1)
(m)
(n)
(o)

- Ostracoeda sp.
Paraczprella tenuis

. Polychaeta
Asabeliides oculata
Asvchis elongata
Bhawania goodeil
Cabira incerta
Clvmenella zonalis
Glvcera americana
Glycera sp.
Glveinde solitaria
Gvptis brevipalpa
Harmothoe extenuata
Yodicomastus ambiseta,
‘Nephtvs incisa
Xereis succinea

ra ligni
nespio cirrifera

<
Pseudsurvthoe ambigua

()

(@
(r)
(s)
(v)
(u)
)

(W)
(x)
69
(z)
(aa)
(bb)
(cc)
(dd)
(ee)
(££)
(g8)

302
1 1
304 1
6
3
21 2
1*
8
18
6 1
25
17
i1
5
9
1
12 1
75
1
11 6 2
11
5 1 2
2 1
1
5
1
1
358 26 3
2
6,
2
2035 42 8 3% g% 1%
36 .
3 5
1 1
56
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Station %4 6-79 (continued)

Taxon - 0-2 2-5 5-10 10-15 15-20 20-30 10-40

Polychaeta (continued)

Scoloplos sp. - (nh} 1

Sigambra tentaculata (ii} 3 4 4 6

Spic sp. (1) 1

Streblospio benedicti (ki) 234 10 v

Tharyx sp. (11} 7 4 6 3% 2%
Oligochaeta sp. - 34 12
Ascidiacea

Botryvllus schlosseri (om) P%

* contamination from surface

(nn) Thyone briareus found in the dissecting core

(00) Cerianthus americanus — found in the dissecting core

~F




Station 95 6-79

Taxon 0-2 2-5° 5-10 10-15. 15-20 . 20-30 30-40 40-30
Mollusca . :
Ensis directus (a) 1 ,
Lyonsia hyalina {t) 1 1*
Mulinia lateralis (c) 155 19 2% 1*
Mya arenaria {d) 3 1
Odostomia sp.- (e) 9 2
Retusa canaliculata {£) ) 8
Yoldia limatula (g) 1
Crustacea
Leucon americanus (i) 1 1*
Polychaeta
Asabellides oculaza ) 19 1
Clymenella torquata (k) 1
Etecne heteropeda (1) 8 1
Glycera americana (=) 1 1
Glycinde solitaria (n) 5
Mediomastus ambiseta (o) 100 1
Nereis succinea ~{p) 1 1
Paraprionospio pinnata {(q) 14 19 3
Pectinaria gouldii {x) 787 88 - 34 1= 5% 2
Pseudeurythoe ambigua (s) 1 1
Scoloplos frapilis () - 1 )
Sigambra tentaculata (u) 1 14 1 1 1
Streblospio benedicti (v) 93 1
Tharyx sp. (=) 1
* contamination from surface
58
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Station 96 6-79
Taxon 0-2 2-8

Colenterata

Edwardsia elegans (a) 1
Nemertea

Cerebratulus lacteus (b) 3
Phoronida . :

Phoronis sp. (c) 2
Mollusca

Ensis directus 267 25

Lvonsia hvalina- (e) 29

Mulinia lateralis (g) 183 4

Tellina agilis (h) 26 1
Crustacea

Ampelisca abdita (i) 1

Ampelisca verrilli () 1

Corophium tuberculatum (k) 2

Edotea triloba (1) 3

Erichthonius brasiliensis (m). 1

Gammarus mucronatus (n) 1

Monoculodes edwardsi (o) 1

Oxyurostvlis smithi (p) 1

Paracaprella tenuis (@) 2 1

Pinnotheres sp. (r) 1
Polychaeta

Asabellides oculata (s) 9

Clymenella torquata (t) 14 1

Eteone heteropoda 7

Glvcera americana (v) 28 1

Glycera dibranchiata (w) 4

Cyptis brevipalpa (x) 1

Harmothoe extenuata y) 1

Magelona rosea T (2) 1 L-

Mediomastus ambiseta (aa) 87 17

Nephtvs incisa (bb) 2 2

Nereis succinea (ca) 2

Owenia fusiformis (dd) 1

Paraprionosnio pinnata (ee) 3

Pectinaria gouldii (ff) 79 3

‘Polvdora linni (g2} 11 1

Prionospio pvzmae § 2
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Station 96

6-79 (continued)

Taxon

0-2 2-8

Polychaeta (continued)

Pseudeurythoe ambigua (ii) 1 2

Sabellaria vulgaris 55D 2 ‘

Spio setosa (kk) 1

Spiophanes bombyx (11) 131 15

Streblospio benedicti {zm) 250 14

Tharyx sp. : {(nn) 6 1
Oligochaetes 1 1

(d) Busvcon carica found in dissection core

(f) Mitrella lunata found in dissection core

(u) Diopatra cuprea found in dissection core

iy g e
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Station 97 6-?9

Taxon : : 0-2 2-5 5-10° 10-15 = 15-21
- Hydrozoa
e Hvdractinia echinata (a) P
’ Sertularia argentea (b) P P 8 P P
Nemertea :
Cerebrarulus lacteus (c) 5 1
Tubulanus pellucidus (d) 9
Phoronida )
Paoronis sp. ' : . |
Mollusca
Acteon punctostriatus (e) 1
Crepidula plana () 2
Doridella obscura (g) 1
Fnsis directus (h) 1
Lvonsia hyvalina (i) 2
Mitrella lunata ) 3
¥ulinia lateralis (k) 1
Mva arenaria (1) 2
Mveilus edulis (r) 5
Sucula proxima (n) 1
Retusa canaliculata (o) 3
Tellina agilis (p) 37
Yoldia limatula () 1
Crustacea
Ampelisca abdita » (r) 2
Corophium tuberculatum (s) 16 1
Crangon septemspinosa (e 1
Fdotea triloba : (u) 1
Ericnthonius brasiliensis (v) 1
Livinia dubia {w) 1
Neomysis americana (x) 1
Oxvuroseylis smithi (v) i .
acapreila tenuis {(z} 23 2 L% 3%
topella cvpris’ (aa) 14
mtes slaber (bb) 4
iola serrata (cc) 8
Polvchaeta
Asatellides oculata (ddy 12 e
frenell o toraquata (ve) 2.
Lreche hetervpada (fty 3

e e s i+ Sl e A G
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- Station 37 6~79 (continued)
e
ra
Y 2
: ) Taxon g-2 2~35 5-10 10-15 15-21
L - Polychaera {continued)
4 - o Lepidonotus sublevis {2} 3
. Mediomastus. asbiseta {ith} 185
. .. Nephtvs incica (ii} 4 1
Sy Nereis succinea (i3 ?
%%i Paranaitis speciosa {kk} 3
,a*~&‘. i Pectinaria gouldii (11} 1951 7 8 1*
-l Polvdora ligni {mm) 76
- . ‘ "~ Proceraea cornuta {nn) 1
N , : - “Pseudeurvthoe ambizua {co) 3 :
) - Sabeliaria vulsaris (p~) 523 2 g% 1%
v . Sigambra tenraculata {q3) 2 1 2 2
: : _ Strebiespio benedicti (rr) 220 1 1=
. ‘ v Tharvx sp. ' (ss) 7 2
S : * contamination from surface
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> v»é “d
- = ' Station 98 6-79
. = -
’ Taxon o 0-2 2-5 5-13
w
&
S : Nemertea
- o : Amphipdrus bioculatus (a) 1
- Mcolliusca
R Ensis directus (b) 4 3
T e Mercenaria mercenaria (c) 1
Ly Mulinia lateralis (d> 3 3
Tl Mva arenaria (e) 6
e Crustacea
- B Edotea triloba (3) 2
Idunella-sp. (h)
N Leucon americanus (i) 13 4
) Listriella clvmenellae (j) 2 1
Neomysis americana (k) 1 '
Pleusvmtes glaber - (m) 1
Unciola serrata (n) 4 1
1\\ . ‘ .
N Polychaeta
. Arabella iricolor (o) 2 1
\ : Aricidea succica {M 1
PP , Asabellides ccuiata (qQ) 7 6 2
- Clvmenella ‘torquata {r} - 16 3 8
LT Etcone heteropoda o (s) g 4
- Glycera americana () 3 1
® Clycinde solitaria (u) 2 1
Cvptis brevipalpa (v} 2 2
- _ Heteromastus filiformis (w) 18 11 2
. 7 Marphysa sanguinea (v) 1
\‘!~ - ) Mediomastus ambiseta ‘ (z) 2
’ ~ Nereis succinea (aa) 3 3 1
Pectinaria gouldii (bd) 40 35 5
Polveirrus oximius {cc) 37 3 1
. ’ ‘. Polvdora licai (dd) 2 1
g : ) Pseudourviiee ambivua o (ece) 3 ’ 2
. Scoloples rubra (f£) . i 2
- ' Spio setosa (z8) 2
Streblospio benedicti  (hh) 1783 R0
Svllis cornuta (ii) 1 1
Tharyx sp. (ii) 3 1
5
- W Oligochacta sp. (kk) a2 26
(£) Calliasnossa atlantica found in the dissection core
. [T {i) Pinniza sp. found in dissection core
<o e 63
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Station 99 6-79
Taxon 0-5 5-10 10-15 15-20 20-30 30-39
Nemertea
Tobulanus pellucidus * (a) 1
Phoronida
Phoronis sp. (b) 3
Mollusca
Ensis directus {c). 3 '3
Lyvonsia hyalina (d) 1
Mulinia lateralis (e) 2
Tellina agilis (g) 2
Polychaeta
Asabellides oculata (h) 2
Asvchis elonzata (i) 1
Glvcera americana 1
Glvcera sp. ) 1
Glvcinde soli.aria (k) 1
Pectinaria geuldii (1) 70 39 25% 8% L%
Pseudeurythoe ambigua (m) 2 2
Sigambra tentaculata (n) - 1
Streblospio benedicti (o) 12
Tharvx sp. - () 3
Oligochaeta sp. (q) -9
* contamination frém surface
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cos e : ' ' Station 100 6-79
x
-Taxon 0-8
= -
=~
Nemertea
Tubulanus pellucidus (a) 1
-+ Phoronida
Phoronis sp. (b) 3
o , Mollusca
e ‘
P - Ensis directus (c) 23
Nassarius trivittatus (d) 3
. . Tellina agilis (e) . 34
: 3 Crustacea
e ' ‘ Pagurus longicarpus () 1
T Parametopella cvpris 4
Unciola irrorata (g) 3
Pelychaeta
Capitellidae sp. A (h) 346
Capitellidae sp. B 1
Drilonereis lonea (i) 3
., ) Glycera amerjcana (i 3
Glycera sp. 4
Magelona rosea (k) 1
Mediomastus ambiseza (1) 86
Nephtys incisa (m) 1
L Pectinaria goullii (o) 4
VA Polvdora ligni (p) 1
Polydora socialis {q) 1
Polygordius sp. (r) 4
L ] Prionospio pvgmaea (s) 15
o : Sceoloplos acutus (v) 1
’ V Spio sectosa (u) 1
; o _ Spiophanes bombyx (V) 7
} : B ’ Streblospio beredicti (w) 8
L Tharyx sp. (x) 25
Oligochaeta sp. 4
i ’ ) ' E (h}) Onuphis eremita found in dissection core
LR
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Station 103 5-79

2 2-5 5-10 10-15 15-20

Taxon 20-30 30-45
Coleanterata
Anthozoa. sp. (a) 1
-Sertularia argentea (b) P P % p* p* p*
Nemertea
Tubulanus pellucidus (c) 2
Ectoprocta s .
Aeverillia armata (d) P px  Px Px P
Electra crustulenta {(e). P Px * Px
Phoronida
Phoronis sp. (£) 1
Mollusca
Aligena elevata (g) 3 1 1
Anadara transversa (h) 68 34% 28 2% 2% 11i=® 11%
Doridella obscura (i) 6
Lyensia hvalina i) 1
Mitrella lunata (k) 69 5% 4% 2% 1*® 2%
Mulinia lateralis (1) 1%
Crustacea )
Ampelisca vadorum (m) 7 2% 1%
Corophium sp. (n) 1%
Edotea triloba (o) 1 1=
Elasmopus levis (p) 9 4 1=
Erichthonius brasiliensis (q) 1
Gammarus mucronatus (x) 8 2 1*
Listriella clymenellae (s) 3 1
Neopanope texana sayi () 3
Ostracoda sp. 1 . 1=
Paracaprella tenuis (u) 63 6% 14% 1% 8% 38* 68%
Parametopella cvpris (v) 2
Polychaeta
Amphitrite ornata {(w) 1 5 2
Capitellidae sp. : 1
Chrysopetalidae sp. 1
Clymenella torquata {x) 3 g 5 5 3. 1x*
Etecone heteropoda {y) 20 2 4% 2% 1%
Clyceridae sp. 3
Glycinde solitaria (2) 1 3 1 1
Gvptis brevipalpa {aa) : -1
66
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Station 103

4-79 (cbntinued)

Taxon g-2 2-5 5-10 10-15 . 15-20 20-30 30-45
Polychaera (continued)
Hesionidae ' 3% 1%
Uetercomastus filiformis (bb) 1 2
Maldanidae sp. 31 4 2
Mediomastus ambiseta (ec) 52 - 7 6%
Neveis succinea (dd) 302 53 23 5 5 10
Paraprionospio pimnata  (ee) - 3 6 7 3
Pectinaria gouldii (ff) ) 1%
Podarke obscura (gg) 1 1
Polvdeora ligni | 342 56 8= 6*
Polynoidae sp. (hh) 1
Pseudeurvthoe ambigua (ii) 1 11 71 44 50 1 2
Sabella microphthalma (33 32 22 1lex & * 1%
Sabellaria vulgaris (kk) 10 4 8% 1%
Scolecolepidis viridis (11) 3
Sigambra tentaculsta (mm) 1
Streblospio benedicti (nn) 1
Svllidae sp. (o0) 1
Syllidae sp. A 1
Ascidiacesa
Jotrvllus schiosseri (pp) P Px. p* px P P* p*
Molzula manhattensis (gq) 2. 14 2% 1% 1*
* contamination from surface
67
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Station 104

=79

Taxon

5-10 10-i5 15-20

20-30

30-37 .

Colenterata
Anthozoa sp.
Sertularia argentea

Nemertea
Cerebratulus lacteus
Tubulanus pellucidus

Ectoprocta
Aeverrillia armata
Electra crustulenta

Mollusca
Anadara ovalis
Anadara transveursa
Lynosia hvalina
Mulinia lateralis
Odostomia sp.
Retusa canaliculata
Turbonilla interrupta

Yoldia limatula

Crustacea
Ampelisca vadorum

Corcphium tuberculatum

Edotea triloba
Elasmopus levis

Erichthonius brasiliensis

(a)

(b)

Gammarus mucronatus
Leucon americanus
Ostracoda sp.
Paracaprella tenuis
Pinnixia retinens

Polychaeta
Asabellides oculata
--Eteone hetecropoda
Glvcera americana
Glycinde solitaria

Lepidanetria cormensalis

Lepidonotus sublevis
Haldanidae sp.
Medionastus ambiseta
Nereis succinea

(<)

Lo B S

Px

L]
%
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1%
1=
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19=

1%

2

1*

14%

1*
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3%
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1%

P*

1*

46%
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1%
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Station 104

4~79° (continued)

15-20

Taxon 0-2 5-10 10-15 20-30 30637
Polychaeta (continued)
Orbiniidae sp. 1
Paraprionospic pinnata {(d} 6 20
Pectinaria gouldii {e) 19 1 .
Polvdora ligni 14 3 4% 1= 1%
Pseudeurythoe ambigua 1 1 1
Sabellaria vulgaris 2
Scolecolepides viridis 1 1
Scoloplos foliosus 1
Scoloplos sp. : 1 ~
Sigambra tentaculata 1 12 1 1 13
Streblospio benedicti 2
Ascidiacea
Botryllus schlosseri P P P* P* Px
Molgula manhattensis 5
# contamination from surface
69



Station 105 = 4-79

Taxon , 0-2 2-5 5-10 10-15 15-20 20-30 30-40

Colenterata
Ceriantheopsis americanus 1

- Nemertea .
Cerebratulus lacteus : i
Tubulanus pellucidus 2 1l

Mollusca
Acteon punctostriatus
Anadara transversa
Bivalve sp.
Cylichna alba
Gemma gemma
Nassarius trivittatus
Odostomia sp.
Retusa canaliculata
Tellina agilis
Turbonilla interrupnta
Yoldia limatula

-
N T R Y

Crustacea
Ampelisca vadorum
Edotea triloba
Listriella clvmenellae
Ostracoda sp.
- Paracaprella tenuis
Photis dentata

B = W0 e DY N

Polychaeta

Asabellides oculata

Cabira incerta

Clvmenella torquata

€. zonalis
" Glycera americana

Glvcinde solitaria 1
Harmothce extenuata:

H. sp. A :
Heteronmastus filiformis
Loimia madusa

Maldanidae sp.

Mediomastus armbiseta 509
Nephtvs incisa * 4
Paleanotus heteroseta 1
Paraprionospio pinnata
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Sration 105

4-79 (continued)

Taxon

2-5 5-10 10-15

15-20 20-30 30-40

Polychaeta (continued)

Pectinzria gouldii
Phvilodoce arenae

Polvdora ligni

Prionospio cirrcbranchiata

Prionospio sp.

Sigacmbra tentaculata

Spicchaetopterus oculatus

Spionidae sp.
Spicphanes wiglevi

TharvxX Sp.

Westerinereis tridentata

N
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Appendix C

Selected three-dimensional drawings representing distribution and
llfe styles of organisms in a box core at each station*

* letters refers to species listed in Appendix B for Ststions 76-1053.
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Station 28
MOLLUSCA

a. Anadara transversa

CRUSTACEA

b. Pinnixa retinens

POLYCHAETA

c. Glycinde solitaria

d. Nereis succinea

a. Chaetopterus variopedatus

f. Parapricnospic pinnata

g Pseudoeurythoe ambigua

h. .Clymenella torgquata

i. Glycera dibranchiata

PHORONIDA

j. Phoronis sp.
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Station 35

 MOLLUSCA

a.  Retusa canaliculata

b. Anadara gransversa

c. Turbonilla interrupta

d. Anachis translirata

CRUSTACEA

e. Pinnixa retinens

{. Pinnixa chaetoptersna

g. OUstracod

h. Ampeiisca abdita

i. Listrieila clymencllae

j. Parscaprella tenuis

k. Coroshium sp. {(juv)
FCHINODBERMATA

1. Micropholis atra

POLYCHAETA

m. - Paraprionospio pinnata

n. Pectinaria gouldii

o. Clymenella torquata

p. - Glveinde solitaria

g« Nephtyidaa

s. Glveera americana
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Starion 33 {continued)
LYCHAETA {cont.}

Paleanorus heterosera

L.
u. Harmothoe sp. A (located on the disk of Microsholis acra)
v. Pseudosurvthoe ambisua
we. empty Chaetopterid tube
76
# i st S ol g e < e =3 e A SRR it Ko it o o
5 ™ e . -y
. ‘e . .S -
- T -t
: T 05‘ \‘- '*. \, ’ .



i
e \\Aﬁ»
' . “
€ : ; e AT OISR TPIRIE N ke ] ,
“! - \. cy e e t_.(.. PEEN o, vdvﬂrv H i,
* o SPy Jee ¥ e Mt . o f
g R MO : Bt , .
Lt “
L :
_ J
—

v
™y
4
@]
= .
I o
& : ‘ . /
.ﬂ o / .
o / ) .
g N !..t‘ //I
- o, B R o N ;
. ~ ., Y ~, . f
] g s e s i » . ; . N e e 3
¢ \ g it
A i
e :
\\ a\»)., m.nl,._\v\, e }
# N o o A‘Q, ._- " .
4 : ..,.2..,5....&;.‘....3_,?_.: g
H +
¢ - ¢ :
i
]
i
{
|
LN
o
: e .
. -
\\l.'/.\ o e SERRES ¥ X
S S .
A |
S N ;
4 . 'q!l |
i i R
: N 2 ..
P e . . |
% g (A3 n A ]
b .
.
E
o ’ » Y v ﬂ - by -
. b )Y v . P
' ' /r..“ w , / - ! Ax... \ » ] _\\v . .« N . - »
' ! b4 > ¥ // R . " , 1 . Il“; i ' ? S oo f
\ . \ Y N ) H pey ; \‘ . .
A A4 LT '



Station 43
MOLLUSCA

a. Nucula proxima

b. Retusa canaliculata

¢. Leptonidae

d. Yoldia limatula

POLYCHAETA

e. Nephtvs sp.

f. ~Paraprioncspio pinnata
g. Capitellidae

h. Praxillella cracilis

j. Harmothoe sp. A

K. 7Psecudocurvthoe ambigua

1. Orbiniidae

o, . Sizambra tentaculata

ECHINODERMATA

n. Mcropholis atra

i Paleanotus heteroseta ..
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Station 46

MOLLUSCA

o
v
e a. Turbenilla interrupta
. ’ E
b. CQdeostomiz sp. {(3uv)
& c.  Retusa canaliculata
L
A .
d. Tellina agilis
: e. Yoldia iiratula
o f. Pitar morrhuvana
CRUSTACEN
g. Jaopelisca abdita
h. Upcsebia affiais (juv)
i, Libipnia dubia
j. Paguridae
k. Uncicla serrata
POLYCUAZT!
ot N . .
. - 1. Glvcinde solitaria
b .. .
. m. Glveera americzna
' n.  Paleaznotus heteroseta
.,._’-/(’
o. MMaldzanopsis eiongata
s p. fectinaria gouldii
g. 22seudeeurvthoe arbigua
r. Hereromastus filiformis
~ -
ECHINCIERMATA
t Ophuroidea (juv)
PHORONIDA
S u fhoronid
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Station 50
"MOLLUSCA

a, Tellina agilis

POLYCHAETA
b. ~ Cirratulidae

c. Glvcera dibranchiata

d. Glvcera robus:ia

e, Scoloplos rubrza

£. Drilonereis lonza

g. HMagelona sp.

h. Pseudoeurvthee achicua
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B, & C. Thick, paralle

Plate 2. Station 80, Mixecd-sediment environment.

80: Southeast ©
: 37 46 52.8
i e: 75 58 5.1
Iing Date: 6/23/79
r .Pepth: 17.68 o
icaraphic positive print

Tzangier Island

M 1\ED*<§EDI§~1ENT ENVIRONMENT:

"

hysical lamlnae alternate with biolecgically mixed zones.  The

ot
0

$ds

istinct interbedded nud-sznd laminatibns resﬁlt from wvariable.

current energies. The bioturbated surface mud laver probably
resulted from the entrapment of fine-grain sediments by dense

populations of tube builders, namely Ampelisca abdita. Substrate

stabilization has allowed cother species (e.q. - Loimia mudusa}

to establish themselves at Zegth. . Destructlon of 1am1nae is
vrebably the result of ceneral bioturbators.

ecree of bioturbations <3231 .- - : _ -
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D. Bio loqxgallv reworked muddy sand laver containihq Mulina
lateralis shells
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Plate 3. Station 100, Coarse-medium sand environment
Station 100: Outside the mouth of the Chesapeake Bay just
cff Cape Charles
Latitude: 36 55 '45.512
Longitude: 75 54 53.444
Sampling Date: 6/13/7%9
Water Depth: 18.90 m
Radiographic positive print
COARSE-MEDIUM SAND ENVIRONMENT:
The sediment environment within this region is heavily influenced
by wave action. This high eneréy regime produces distinctive:
homogenous and cross-bedded units, although some biogenic activity

is  evident.

‘Degree of bioturbation: <€ 30°%

SPECIAL FEATURES:

A.  Heavy minera', planar cross-bedding -unit:
B.. Homogenous sand bed

C.  Undescribed cap.tellid burrows

D.. Onuphis eremita tube
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Plate 4. -Station 78, Mixed-sediment envircnment.

Station 78: ° East of Tangier Island
Latitude: 37 50 .54.944
Longitude: 75 55 32.880

Sampling Date:  6/24/79

Water Depth:. 23.78 m

Radiogragphic positive print

MIXED*SEDI?EWT ENVIRONMENT:

Thls region-is cnaracterlzed by strorc tloal currents. The

"surface *ud lamina of this core is-covered with tubes of the

amphipod; Ampelisca abdita. High dﬂnSLfles of hese tubes
act as a sedlment trap for fine-grain ﬂaterlals. The
sedlmentary sequence changes.abruptly intOja sandy substrate

with little bioturbation. A storm erosion-layer is pfesent

at depth.

Jegree of bicturbation: 60-90% (above
' 30~-60% (below

cm)
cm}

[V )

SPECIAL FEATURES:
A. - Clayey silt 1a§er with some interbedded sand

B. Muddy coarse sand ‘with gravel

C. .Storm erosicn layer wvith compacted élay pqckétS'

D. Mulinia lateralis shells {boxed)

E. Ilvanassa vibex shell (remnant) S S

F. Unidentified polychaete burrow {inactive)
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Plate 5. Station 27, Fine sand environment.
Station-27: -~ Pocomoke -Sound

Latitude: 37 49  54.106

Longitude: 75 507 . 7.436 _
Sampling Date: 9/20/78 ' ™~
Water Depth: 4.38' m i _v\\
Radiographic positive print

FINE SAND ENVIRONMENT:
General bioturbation activities in this core have disrusted
the ripple laminae, and»homogeniiéd the heavy minerals. The
underlving hard clay is characteristic along the nearshore

margin.

Degree of bioturbqtion:_ 60-90% (above 15 cm)
' ¢%. {(below 15 cm])

SPECIAL FEATURES:

A. Homoéenous fine sand with SCAttered'heévj,miﬁeralsA(dérk
granules)

B. Mud lamina

C. Consclidated clay substiatum

. ‘Heavy mineral ripple lamina

E. Uridentificd polychaete burrow

F.  Ilvanassa vibex shell (remnant)
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Platez 6. - Station 123, Mixed-sediment environment.

Station 103: Western Shore just south of Wolf Trap Light
Latitude: )

Longitude:

Sampling Date: 4/253/7

Water Depth: 7.32 m

Radiographic positive print

MIXED~-SEDIMENT ENVIECNMENT:

Muddy sand core and ovster reef. This reef was probably

devastated by M¥MSX disease in the 1950'5. Clvmenella torauata

pparently is responsible for extensive sediment sorting.

Laminar disruption- and sediment mottling are evident.

Degree of bioturbation: 90-993-

SPECIAL FEATURES:

A, Mud laminae

B. Crassostrea virginica shells (remnant)

C. Clymenella torguata tube
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Plate 7. Station 84, Mud environment.

Station 84: Middle of ‘the Rav JUot north of the Rappahannock
River

Latitude: 37 40 20.223
Longitude: 76 © 7 55.784°

Sampling Date: 6/22/79
Water Depth: 12.80 m
Radiograph positive print
MUD ENVIRONMENT:

Bioturbated clavev silt core, 11’ustrat11g massive destruction

at depth by the cerianthid anemone, Cerwant 1eODSsis americanus.
Scome physical lamination is still appare'.t.

Degree of bicturbation: 60-9032

SPECIATL, FEATURES:
A, Paint mud laminae

B. Parapricnsmio pinnata traces

C. Mulinia lateralis shell {(iive}

D. Asvchis elongata tube

E. Ceriantheopsis amcricanus burrow {inactive)

F. Macona balthica shell (disarticulated)
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Plate 8. Station 95, Mud environment;

Station 95: Mouth of the York River
Latitude: 37 12 45.712 :
Longitude: 76 16 38.419

Sampling Date: 6/12/79

Water Depth: 10.67 m

Radiographic positive print

MUD ENVIRONMENT:

'Moderately bloturbated clayey silt with thln mud 1am1nae,

usually found in deep~water muddy env1ronmenta.

Degree of bioturbation: 30-60%

SPECIAL FEATURES:
A, Hémogenous clayey-silt fexturev
B. Horizontal planar mud lamination

C. Inclined planar mud laminae

D. Paraprionspio pinnata traces

E. Pectinaria gouldii tube

F.  Mulinia léteralis shell (boxed)

104
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G. Unidentified polychaete burrow with Fe - prec. halo (inactive)
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Plate ¢.  Station 42 Mixed-sediment environment.

- Station 42: Eastern’ Shore opposite the mouth of the York River

Latitude: 37 12 48.174

. Longitude: 76 4 6.364.
Sampling Date: 9/15/78
. Water Depth: 1l1l.59 m

Radiographic positive print

 MIXED-SEDIMENT ENVIRONMENT: 7’,r~ R

~High densxtles of Clymenella torauata can potentlally stablllze

the sedlments. Thelr reworking act1v1t1es can greatly modlfy

the sedlment fabrlc, resultlng in lamlnar dlsruptlon and

:sedlment mottllng.

Degree cf bioturbation: 90-99%

SPECIAL FEATURES:

A. Mud lamina that has been disrupted resulting in'mudrpdckets

B. Mulinia lateralis shell layef

C. Cilymenella torquata tubes (active)

D. Clymenella torguata tube (inactive)
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Plate 10. 3Station 96, Coarse-medium sand environment{

Station 96: North of Chesapeake Bay Bridge Tunne
Latitude: 37 10 49.356

Longitude: ~ 76 7 9.316 ‘

Sampling Date: 6/14/79

Water Depth: 8.23 m

Radiographic positive print

COARSE-MEDIUM SAND ENVIRONMENT:

-The oceanic-derived sands of this core contain a sdrface”layer of .

Pectinaria gouldii tubes. Biological reworking processes have
homogenized the sediments. The surface excavation is the result
- of unknown physical or biogenic action.

_Degree of bioturbation: 90-09%. : -

SPECIAL FEATURES:
A. Surface excavation of unknown origin

B. Pectinariza gouldii tube

C. Juvenile Ensis-directus burrow

D. Paraprionspio pinnata trace

E. Diopatra cuprea tube

F. Ensis directus shell
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Station: 26 9-78

Area: Tangier Sound (98 ft) Degﬁh_ggnetration: 43 cm

Sediment:  mud (top 12 cm fluid mud than cohesive black nud to 40 cm
than grey mud)

Visuai Struztures:

Physicel: methane gas pocketing

Biological: = few amphipod tubes brown against black background

on surface thaa nothing until 33-43 mat of old ampeliscid -

. tubes.

Irportant Biogenic Agents:

Ampelisca abdita -~ stabilizes sediment surface
Nereis succinea — ventilates burrows

Paraprionospio pinnata - small burrows (<1 mm. wide)
Loimia medusa — large tube dweller (4 mm wide)

¥~rav structures: no xX-ray, sample destroyed by on-board handling
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Station: 27 9-78

Area: Pocomoké Sound (16 ftr) Depth penetration: 30 cm

Sediment: medium-fine sand withbincreasing coarse sand & gravel with
depth :

Visual Structures:

Physical: many mineral colors, surface mottled with mud clasts,
deeper get streaks of clay, thin layer mud under stemes.

Biological: few Clymenella tubes on surface, 15-20 mud filled
burrow (7 mm) . ,

Imp. Piogenic Agents:

€. icrquata - "conveyor belt" which mixes top 15-20 cm
P. amcigua =~ deep random burrowing polychaete
P. pinnata =~ thin burrow in the top 5 cm

X-ray structures:

Physical -~ between 13-16 cm. See transition of medium and fine
sand to coarse sand and gravel. This represents a storm
erosion layer, few mud clasts in upper 10 cm, mud lining
underneath stones

Biological - few Clymenella tubes; most abundant are Parapricnospio

pinnaca burrows.
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Station: 28 9-78
“Area: v?just south of Potomac River mouth (82 f£t)

Depth penetration: 28 cm

Sediment: ‘fine-medium sand

Visual Structures:

Physical: few pebbles and clay veins toward bottom

Blologlcal' on surface lots of Pectinaria tubes, few Clymenella
tubes, 7 mm wide chaetopterid tube, glycerid polychaete .
‘trace to 28 cm. Clymenella tubes and a chaetopterid tube
-extend all the way to the bottom of the core

Importanc Biogenic Agents:

Chaetopterus variopedatus - large tube dweller
Paraprionospio pinnata ~ thin burrows
Pseudeurythoe ambigua —~ deep burrowing polychaete
Clymenella torquata - “'conveyor belt" species -
Glycera dibranchiata — large burrow dweiling polychaete
capable of ventilating its burrow

s

X-ray Structures:

Physical - large lump of irom at 12-17 cm, more pebbles >15 em down,
one mud clast at 10 cm, lg irregular dark area 20-25 cm?

Biological: few pectinaria tubes on top. Several glycerid
burrows, couple of Clymenella tubes.
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. Station: 29 : 9-78
Area: just west of Tangier Island (33'ft)

Depth penetration: 21 cm

- Sediment: fine-medium sand

Visual Structures:

Physical: streaks of darker sediment (mottled R.P D.)
Biological: few Clymenella & ampeliscid tubes on surface
large terebellid tube 0-10 cm, phoronid tube 5-20 cm.
13 mm hole going out of core 10-15 {(Callianassid shrimp?)

Important Biogenic Agents;

Terebellidae — large tube dweller .

Deep errant  polychaetes — Pseudoeurythoe ambigua, Ancistrosyllis,

_ Orbinids, Driloneris
Thoronid - thin vertieal sand tubes

X-ray structures

Physical: uniform bioturated sand

Biological: very little - few phoronid tubes, mostly a mobile
fauna
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Station 30 978

Area: off souvthern tip of Tangier Island (88 ft.)
Depth penetration: 38 cm

Sediment: mud - (fluid on top 5-6 cm)

Visual Structures:

Physical: mnone

Biclogical: surface matted with Ampelisca. Several unoccupied
Tercbellid tubes 5-15 cm. Hydroid srrands 25-30 cm

Important Biogenic Agents:

Ampelisca abdita —~ tubes stabilize surface sediment-
Nereis succinea — ventilates burrows
Terebellids - large ventilating tube dweller

X-ray: no good because sample was frozem
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Station: 31 9-78
Area: . west shore between Potomac River & Rappahahnock River (44 ft)

Depth penetration: 19 cm

Sediment: mud.(fluid)

Visual Structures:

Phvsical: none

Biological: none

Important Biogenic Agents: none

X-ray: sample frozen so no x-ray
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Sfation:r 32 9-78
. Area: toward eastern shore beiween Rappahannock & Poﬁomac Rivers
(46 £:) :

Depth Penetration: 20 cm

Sediment: muddy sand, poorly sorted

Visual Structures:

Physical: none

Bioclogical: ampeliscid tubes, few Pectinaria & Clymenella tubes,
' hydroids at 0-5 cm at 5-10. Terebellid tube, at 10-15
Clymenella tubes, Terebellid tube and hydroids, at 15-20
old ampeliscid tubes, 4 mm burrow with gold brown long,
and still have Terebellid tube.. : - :

Important Blogenic Agents:

Pectinaria ~ mobile tube dwelier & "conveyor belt" species

Clymenella - "conveyor belt” species

Deep burrowing polychaetes - Orbinids, Pseudeurythoe ambigua,
Pilargids

X-ray Structures: lost due to refrigeration failure (dried cut)

&
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Station: 33 9-78
Area: near the mouth of the Rappahnnnock River (35 ft)

* Depth penetration: 40 cm

Sediment: = fine sandy mud

Visual Structure:

‘Physical : fluid top 3 cm

Biological: few stringy tubes on surface, 0-5 cm short piece of
~parchment-like tube, 5-20 cm Glycerid traces, 20-25 cm

- capitellid traces

Important Biogenie Agents:

Nereis succinea: ventilates burrow.

X-ravy Structure: mone due to refrigeration failure
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. Station: 34 9-78
Area: middle of Bay off the Rappahannock River (39 ft)

Depth nenetration: 21 cm

Sediment: very fine sandy mud

Visual Structures:

Physical: fluid surface

Biological: 1 mm dia tubes of Clymenella torquata and stringy
tubes on top (Paraprionospio pinnata?), few Pectinaria
tubes on surface. 5-10 e¢m: 1 mm diameter burrow trace
vertical, large 6 mm in diameter tube, 10-15 c¢m part of U
shaped tube,  (Loimia medusa), continuation of the 6 mm
tube, 15-21 cm ¢ontinuation of 6 mm tube

Important Biogenic Agents:

Paraprionospio pinnata ~ small burrows ,
Clymenella torquata - "conveyor belt species"

X-ray Structures:

Physical: none

Biological: many in back-filled burrows of various sizes.
Nereis burrow 0-4 cm, few vertical maldanid tubes, many
small burrows of P. pinnata at 0-8 cm patch of small

capitellid like tracas at 17-21 cm (probably Heteromastus

filiformis). Some Mulinia shell hash on surface

119
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Station: 35 = . 9-78
Area:  toward Eastern Shore of Rappahannock River (39 fr)

Depth penetration: 38 cm

Sediment: very fine sandy mud

Visual Structures:-

Physical: none

Biological: 0-5 cm P. pinnata mucoid tubes, ampeliscid tubes,
many Pectinaria tubes, lg Chaetopterid tube, many Clymenella
tubes, couple of terebellid tubes, 5-10 cm continuation of -
Clymenella and terebellid tubes, ophiuroid in- life positionm.
10-15 cm piece of cerianthid tube, continuation of Clymenella
tubes. 20-25 cm continuation of Clymenella and terebellid
tubes.. 25-30 cm capitellid traces. 30-38 cm nothing.-

Important Biogenic Agents:

" Clymenella torguata - "conveyor belt species”

X-ray Structures:

Physical: slight trough cross bed sand in the upper 2 cm
Biological: . couple of Clymenella tubes, many back-filled burrows

of Glycerids, Terebellid and Cerianthid anemones. P. pinnata
traces in the top 8 ecm. - Few capitellid traces
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-ation: 36 9-78

Eastern Shore opposite Rappahannock River (37 £ft)

Depth penetration: 21 em

4]
‘m
e

ediment: muddy sand mixed with gravel

: "isuwal Structure:

'thsical: mottled R.P.D., 0-5 cm, increasing amount of pebbles

with increasing depth

Biclogical: surface has Sabellaria vulgaris
tubes, one Pectinaria, one Ampharetid tube, section of

"Cirratulid burrow with reddish~brown 1ining. 5-10 cm

continuation of burrows and ampharetid tube.  10<15 cm
continuation of cirratulid burrow. 15-20 cx nothing

Important Biogenic Agents:

Nereis succinea - ventilates its burrow
which mound sediment around

Ampharetid - tentaculate polychaete
Cirratulidae - large purrowing polychaete with lined burrow

A-<ray Structure:

Physical: écattered pebbles, mottled with mud

jameter burrow (either B. pinnata
couple of large back-filled
(probably Cirriformia grandis)

Biological: many shell lmm in d
or juvenile Nereis), 0-5 cm,
burrows and cirratulid burrow
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Station: 37 9-78
Area: vest shore of transect between York & Reppahannock Rivers

(22 fr)

Depth penetration: 18.5 cm

Sediment: poorly sorted sand - lots of shell & gravel

Visual Structure:

rhysical: --lots of gravel on bottom

Biological: Clymenella tubes seen from surface. Ampharetid tube
0-15 cm, 5-i0 cm 11 mm in dia. mud filled burrow, Glycerid
traces

Important Biogenic Agents:

Mobile polychaetes =~ Glycera, Drilonereis, Pilargids, Pseudeurythoe

X-ray Structures:

Physical: lots of pebbles & shell hash, large oyster shell at 13
~cm, grey uniform sediment, a mud layer .5 cm

Biological: Clymenella tube to 10 cm, mobile fauna responsible
for unifcym sediment ’
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station: 38 - 9-78

Area: middle of the Bay between York & Rappahannéck Rivers (37 ft) :
Depth penetration: 51 cm.

x
i i Figeitnsin

Sediment: poorly sorted sandy mud

Visual Strueture:

Physical: none

Biclogical: Terebellid tube 0-51 cm, few Pectinaria tubes on
surface, mucus tubes of P. pinnata

Important Biogenic Agents: ‘ ’ : ' :

Pectinaria gouldii - mobile tube dweller, “conveyor belt species" :
Loimia medusa - large tube dweller i
Glycera americana - large polychaete which ventilates 1ts burrow §~_.

X~ray Structure:

Physical: sand patch on surface to 2 cm

Biological: many various back-filled burrows, glycerid traces,
cap.tellid burrows at 25 cm
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Station: 39 9-78

‘Areé: " toward Eastern Shore between York & Rappahannock Rlver (43 1) .

Depth penetration: 17 ¢n

Sediment: poorly sorted sand

Visual Structure.

thsical gravel on bottom, black mottling, lots of Mytilus edulis
shells

Biological. at 5-10 cm, a 2.4 cm diameter burrow (Callianassa
atlantica) at 10-15 cm ophiurcid arm, Callianasa atlantica,
many reddish~brown burrows with cirratulid tentacles
(Cirriform grandis)

Important Bicgenic Agents:

fallianassa atlantica - 1arge burrow, process large amounts of
sediment

Mobile polychaetes = CGlycera,- Pbeudceu:ythoe, Clrratullds,
Arabellids

Micropholis atra - ventilates its burrow

X-ray Structure:

Physical: wavy sand layering in the top .4 cm, large pebbles &
gravel, mud clasts

Biological: lots of small indistinguishing worms traces, general
unlform sediment brought on by biocturbation of a moblle fauna
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Station: 40 9-78

Area: Eastern Shore between York & Rappahannock Rivers
' Depth Penetration: 33 en '

. Sediment:  medium fine sand

Visual Structure:

ENTRRR—-—-

Physical: mottled RPD

Biological: Maldanid tube O to 25 cm, Whelk on surface, Ensis
directus at 5-10 cm, fragment of cerianthid znemone tube,
10-15 cm goldish-brown burrows

Importaﬁt Biogenic Agents:

Busycon carica ~ plower of the top several cm : . ?
Ensis directus - large burrowing bivalve ' ; g4
Clymenella torquata - "conveyor belt" species
Glycera americana .- large burrow which it ventilates 2
Pseudoeurythoe ambigua -~ deep burrower 2
Micropholis atra -~ ventilates its burrow ’

X-ray Structure:

Physical: 16-22 cm patch of shell fragments

s s

)

Biological: thin burrows along surface, couple of deep back-~
filled burrows. Mostly bioturoated uniform sands Clymenella 3
tubes 0-15 cm E

Y

ol S s 4
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Station: 41 9-78“

Area: between York River and Mobjack Bay (46 ft
Depth Penetration: 24 cm :

Sediment: muddy sand, poorly sorted

Visual Structure:

“théiéala;'gravel throughcut increasing with depth (15-20) along
with patches of compact orange and grey clays, strands hydroid
throughout

Biological: O0-5 thin mucoid tubes (. pinnata), Sabellaria reefs,
Pectinaria tubes, 10-15 cm capitellid worm traces N

rImpottant Biogenic Agents

Nereis succinea - ventilates its burrow
Clymenella torquata — “conveyor belt" species

X-ray Structure:

Physical: lots of Anadara shell hash near surface, very mottled

looking, more stones at bottom with "islands of clay” mud living

zround stones

Biological: couple back-filled burrow, Pectinaria tubes
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Station: 42 9-78. ‘ ) : ‘ . e . f¢

Area: Eastern Shore opposite York River (38 ft) - 3
Depth penetration: 36 cm. - , _ i,

Sediment: muddy fine sand

Visual Structure:

* Physical: = none

Bioldgical: lots of Clymenella tubes, Ceriaﬁghid angmone tube at
15-20 em, at 25-30 cm mud cylinder i

e b Y =

Important Biogenic Agents:

Clymenella torquata -~ "conveyor belt species”
Various mobile polychaetes ‘

A Dk

X-rav Structures:

Phﬁsical: shell hash30-35 cm, mud streak 25 cm

Biclogical: many Clymeneila tubes to 18 cm, few orbinid polychaete
traces, few back-filled burrows in the deeper layers, streak .

of mud 30-35 cm 3

LA W
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Station: 43 g-73

Area:

mid Bay off vork River (38 ft) Depth Penetration: 25 cm

Sediment: muddy sand, poorly sorted

V¥isual Structure

Physical: gravel further down

Biolegical: 3bldia iimatula at 3 cm. Pbyip core at this statioﬁ
resuited in a large cerianthid anemone. P. pinrata at 0-5 cm,
0-10 Praxiella gracilis tube, seve:al misc. burrows, capitellid
traces 1.0-13 cm, large burrow at 15~20 cm

" Important Biogenic Agents:

a it feeding bivalve, bioturbator

Maldanicae — @ conveyor belt" species -
Mobile polychaetes -~ general bioturbatoers
lates its burrow

Micogholis atra - venti

Yoldia limatula - large depos

X-ray Structure:

Physical: 1z patch of sand without mud on 1eft side 16-25 em deep.
iots of shell hash on surface

some back=-filled bUurrows,

Biological: few maldanid tubes,
28 cm, few mobile

cerianthid trace OT streaks at 19-
polychaete traces
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vSCation: 44 9-78
Area: just north of Buckroe-Beach (24 ft)

Depth Penetration: 13 cm

Sediment: well sorted'fine sand with lots of shell hash

Visual Structure:

Physical: - surface rippled with wave height of 2 cm. ¥ave
length 1/2 width of box. lots of shells.

Biclogical: Mulinia lateraiis on surface, Glycerid polyéhaetes
5~10 cnm. : :

Important Biogenic Agents:

Mulinia lateralis - produces "sitz" marks
Glycera dibranchiata -~ ventilates its burrow

X-ray Structure:

Physical: lots of shell hash, ripple at right end surface, mud
chart under crest.” Very dynamic

_Biolcgical: one back-filled burrow
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Station:. 45 9—78

Arear - western side near the James Rlver {29 It)

Depth Penetration: 27 cm

Sediment: medium fine sand

Visual Structures:

Physical - few pebbles

REVTLINGS o

R

-Biological - Busycon on surface, maldanid tubes, phoronid tubes

Important Biogenic Structures: '

Busycon carica - ‘'plower™

Mobile polychaetes - Pseudoeurythoe, Glycera, Scoloplés

X-ray Structures: no,x—réy
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Station: 46

4 9-78
mid Bay off Fishermen;s 1siand (49 fr)

Areat
Depth Pgnetratiqn: 18 cm
Sediment: muddy sand, poorly sortgd

Visual Structures:
thsical - none

Biological'- Pectinaria tubes on surface,
17 cm, Yoldia & Tellina in 0=5 cm layer,,

cm layer

Imgortaﬁt Blogenic Agents:

terebellid tubes beyond

tube dweller, ''conveyor pelt species”

Pectinaria gouldii'4 mobile
large tube dwelling polychaete
Cerebratulus

Asychis elongata -~
Mobile fauna ~ Glycera, Pseudeurythoe,

X-ray Structures:
Physical - shell fragments 0-5 cn
Biclogical =~ L. nedusae tubes, grey bioturbate texture due to
mobile faun2
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Station: 47 9-78
Area: Hamptoﬁ Reads (44 fr) Depth Penetration: 38 cﬁ

Sediment: muddy fine sand

Visual Structure: .

thsidal: none
Biological: Terebellid & Maldanid tubes all the way down

Important Biogenic Structures:

Upogebia affinis - decapod burrower
Terepellidae — large tube dwelling polychaete

‘Maldanidae - “'conveyor belt" species’

X~ray Structures:

Physical - patch of layered mud-sand (laminated) at 7-8 cm.
Shell hash patchy at 20-26 cm
a Pectinaria tube, maldanid

Biological - few P. pinnata burrows,
per down & capitellid

tube, several glycerid burrows dee
traces deep
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48 9-78 -
. of f Little Creek (28 ft) Depth Penetration: 18 cm_
a fine sand with'lbts of shell hash
:ructures:
3ical - none
logical - Mulinia 1ateralls on tog'L01mla medusa tube,
mobile polychaetes
t Biogenic Structures:
mia medusa ~ large tube dwelling polychaete
aprlonosolo pinnata - small burrows
:udoeurythoe amblgua - deep burrowing polychaete

ructures:

rsical - shell lag area 10-15 cm

slogical:

glycerid traces, grey
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numerous P. pinnata burrows at 0-7 cm, lots of
bioturbate texture from mobile fauna
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- S Station: - 49 9-78 - e

Area: off Lyhnhaven’(38 £t) - Depth Penetration: 55 cm

Sediment: muddy sénd top 20 c¢m than sandy mud 20-55 cm

,k\&

Visual Structures:

Physical - more clay 40-3C cm

Biological - surface mucoid tubes of P. pinnata and Ampelisca,
Yoldia at 0-5 cm. - Maldanid tubes to 20 cm, glycerid burrow
25-30 c¢m, Mulinia shells below 20 cm, lots of mud filled
burrows 35-40 cm,. capitellid burrows. more glycerid burrows
to 50 em ‘ '

Important Biogenic Agents:

Yoldia limatula — deposit feeding mollusc bioturbator
Upogebia affinis ~ large deep burrowing decapod
Maldanids -~ "conveyor belt" species i

X~ray Structures:

Physical - top 8 cm sandier, patches of mud with thin sand layer
at 1-5 cm and 30 cn

Biological — lots shell hash top 8 cm lot of mottling of back- i
filled burrows in last 30 cm (probably Asychis and Glycerids) -

e b A
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Station: 50 9-78
Area: ' off Cape Henry (s8") Depth Penetration: 22 cm

Sediment: medium-fine sand

© Visual Structures:

Physical: none

Biological: Nassarius crawling on top, mobile polychaetes

Important Biogenic Apents:

Mobile polychaetes - ‘Glycera, Orbinids, Arabellids

X~ray Structures:

Physical ~ large Ensis shell, slight layering on top 1 cm

Biological ~ small worm traces, gemeral grey bioturbate téxture
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Station: 76 6-79

Area: Tangier Sound (98 ft) Depth Penetration: 30 ¢m

_Sediment: mud

Visual Structures:

Physical -~ black fluid mud, wmethane gas holes, dead hydroids
throughout ) :

§idlogica1 - lots of ampeliscid tubes on top, few Pectinaria on
surface : : . .

Important Biogenic Agents:

Macoma balthica - deposit feeding bivalve
Ampelisca abdita - stabilizing tubes
¥ereis succinea - veuntilates its burrow ,
Pectinaria gouldiji - mobile tube dweller, ''conveyor belt™ species
Capitellids - “conveyor belt" species ’

X-ray Structures:

Physical: darker mud band 2-4 cm
hydroid mat prcduces mottling, methane bubbles 10-15 cm

Biological: numerous sinuous worm burrows (P. pinnata,
Mediomastus, small Nereis)
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‘Station: 77 6~79

Area: south of the Potomac River mouth (65 ft)
Depth Penetration: 47 em

Sediment: middy medium—fige sand

Visual Structures:

Physical - top sandy mud (0-2 cm) than slightly muddy sand

Biological - lots Pseudeurythoe ambigua, few ampeliscid tubes,
Pectinaria tubes & Clvmenella tubes. An abandoned cerianthid
anemone tube ’

ImportantABiqggnic Agents:

Nereis succinea --ventilates its burrow
‘Pseudeurythoe ambigua - deep mobile burrower
Glycera dibranchiata - ventilates irs burrow

X~ray Structures:

* Physical - mottling

Biological ~ many small worm traces (probably juvenile Nereis)
5-30 cm lots of back-filléd burrows producing the mottling
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Station: 78 9-78

Area:, Tangier Sound (78 ft) .- . Depth of penetratiou:> 35 cm

- Sediment: mud — first 10 cm, 10-40 cm medium coarse sand

Visual Structures:
thsical - first 10 cm mud than coarse sand

Biological ~ Nereis & P. pinnata near.surface, no back-filled
_burrow noted, deep down some old amphigod‘tubes

Important Biogenic Agents:

- Macoma balthica - deposit feeding bivalve
Ampelisca abditz ~ its tubes stabilizes surface, 1ncreases
sedimentation
. pinnata - small burrowing polychaete
Nerels succinea ~ medium burrow1ng polychaete, ventilates its
burrow

X-ray Structures:

thsical good demarcation between mu¢ and sand at 5-10 cm,

shell lag upper 10 cm,wavy sand laminae in upper 5 cm
of mud

Biological: Mulinia at surface, Nereis succinea burrows,
Pectinaria tubes. few back-filled burrows
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‘Station: 79 9-78

Area: south of Potomac River Mouth (6C')

~ Depth of Penetration: 30 cm

Sediﬁent: mud (black,'fluid)

Visual Structures:

Physical: fluid mud
- Biological: few Mulinia on surface

Important Biogenic Agents:

P. pinnata - small burrowing polychaete

X~ray Structures:

Physical - density change with higher mud content 0-8 cm than
sandier further down - not supported by grain size data

maybe just -nore cohesive

Biological - thin burrows 0-5 cm (probably P. pinnata)
larger Nereis succinea branched burrow at 9-14 cm.
Mulinia on surface, 3~6 cm lots of capitellid traces
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Station:: 80 -~ - 6-79

Area: south Tangier Island (58 ft)
Depth of Penetration: 50 cm

Sediment: alternating muddy sand to fine sandy mud

Visual Structures:

thsica; - none

Biological ~ scattered ampeliseid tubes, Loimia tuba & Pectinaria
tubes oo -

Important Biogenic Structures:

Ampeliseca abdita - stabilizes sediment surface
Pectinaria gouldii ~ "conveyor belt” species
Heteromastus filiformis —~ "conveyor beit"” species

X-ray Structures:

Physical - laminated mud and sand layers

Biological ~ Pectinaria tubes, large abandoned Loimia medusa tubes
pierce laminae, capitellid traces
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vStation: 81 6-79

Area: ' Pocomoke Sound (51 ft) Depth of Penetrration: 50 cm
Sediment: rmuddy sand

Visual Structures:

Physical - sand'gets coarser with depth
Biological - mucoid tubes of P. pinnata on surface, old Loimia
medusae tubes, few back-filled burrows. Some Pectinaria
- tubes ' '

Important Biogenic Apents:

Pectinaria gouldii ~ "conveyor belt" species
Loimia medusa ~ large tube dwelling polychaete
Pseudoeurythoe ambigua ~ mobile polychaete

X~ray Structures:

Physical ~ lots of shell hash, surface muddier with thin sand
layering. Few pebbles & wood

Biological ~ mottled with back-fill turrows below 8 em. Lots of
Pectinaria on surface Asvchis elongata tube 4~11 cm.
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Stéﬁion: 82" 6~79

Area“

(80 ft)

Depth of Penetration: 30 cnm

Sediment: mud (bléck, fluid)

Visual Structures:

Physical: fluid mud

Biological: nomne i .

Tuportant Biogenic Agents:

Pectinaria gouldii ~ "conveyor belt" species

X-ray Structures:

Physical: methane gas holes, wavy layering top 2 cm and
-7 cm, mud layer at 10-11 cm and 15-17 em

Biological: few Mulinia shells, generél bioturbate texture at
2-4 cm and 6~12 cm
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Station: 83 ‘ 6-79

Area: north Rappabannock River (40 ft)

Depth of Penetration: 50 cm

Sediment: mud

Visual Structures:

Physical - methane gas holes

Biniogical - large cerianthid back-filled burrow, lots of

2. pinnata, Macoma at 10 cm.

Important Biogenic Agents:

Cerebratulvs lacteus - general bioturbator

P. pinnata - rmall burrowing polychaete ‘

N. succinea -~ medium burrowing polychaete, ventilates its burrow
Capirellids — "conveyor belt" species

Macena balthica — deposit feeding bivalve

X-ray Srructures:

Physical - anthing

Biolegical - many long thin burrows of P. pinnata from 0-12 cm,
22020 satas _ R A U]
6-40 cm back~-filled burrows, Macoma at 6 cm, 4 rm burrow
of Nereis succinea at 3-7 e¢m. Another at 27-3% cm
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Station:. 84 6-79

Area: mid Bay, north of the Rappzhannock River (42 ft.)
Depth of Penetration: 50 cm , C

Sediment - mud

Visual Structures:

Physical -« none

Biological - large cerianthid back-filled burrow, lots of back-
filled burrows : )

Important Biogenic Agents:

Ceriantheopsis americanus - large tube dwelling anemone

Asychis elongata - large tulae dwelling polychaete

Nereis succinea — medium burrowing polychaete, ventilates its
burrow )

X-ray Structures:

Physical - none

Bioldgical - lots of P. pinnata burrows upper 12 en, 3.5 cm wide
back~filled cerianthid tube, 5 mn Asychis tube 9-15 cm.
few Pectinaria on surface, few Mulinia on surface




Station: 85 6-79

‘Area: . mid Bay between the Potomac and Rappanannock Rlver (39 ft.)

Depth. of Penetratlon‘ 59 cm

Sediment : mud

Visual Structures:

Physical: none
Biological: few Pectinaria on surface, few back-filled burrows

Important Biogenic Agents:

Pectinaria gouldii - “convevor belt" species
& 3

X-ray Structures:

_ Physical - Mulinia shell hash layer 0-10 cm

Biologlcal -~ few Mulinia near surface, few thln burrows 0-2 cm,
few juvenile Pectinaria tubes near surface, few vertical
burrows 0-8 cm, lots of back-filled burrows 8-37 ¢cm
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Starion: 86 6-79

Area: . in the mouth of the Rappahannock River (61 ft)
: Depth of Penetration: 30 cm

Sedizent: mud (black, fluid)

Visezl Structures:

Physical -~ fluid, gas bubbles

Biological - none

- Important Biogenic Agents: none

X-ray Structure:

Physical - thin sand laying top 2 cm than gas bubbles.

Some

l
H
i
i
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sand layering 6~7 cm. lots of shell hash 1-5 cm
Biological - nothing significant
L4g
e f, .
R - - e
-—



Station: 87 6-79

‘Area: off Piankatank River (33 ft)
: Depth of ‘Penetration: 50 cm

Sediment: mud

- Visual Structures:

Physical - none

Biological -~ few maldanid tubes, back-filled burrows, few
Pectinaria tubes

Important Biogenic Agents:

Chaetopterus varicpedatus - large tube dwelling polychaete

Pectinaria gouldii -~ "conveyor belt" species

Capitellids - "conveyor belt" species

‘Glycera americana - large burrowing polychaete, ventilates its
burrow ’

Loimia medusa - large tube dwelling polychaete

X~ray Structures:

Physical ~ none

Biological - lots of juvenile Pectinaria on surface, lots of P.
pinnata burrows in the 0-7 cm, lots of small scattered
capitellid burrows, back-filled burrows 5-40 cm
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Station: 88 6-79

Area: - mld bay between Ranpahanpock River and Mbbjack Bay (38 ft)

- Depth of Penetraulon. 45 cm

Sediment: fine sandy mud

Visual Structures:

Physical - none

Blologlcal — U shaped Loimia medusa tube, Pectinaria on sur‘ace,
1055 of Mulinia, small Baszcon on surface

Important Biogenic Agents:

Mulinia lateralis — small burrowing bivalve
;Clymenella torquata - “conveyor belt species”, ventilates

- P. pinnata - small burrowing polychaete
Capitellid - "conveyor belt’ species

Glycerids - large burrowing polychaete, ventilates
Asychis - large tube dwelling polychaete

X-ray Structures

Physical - few pebbles

Biological - Pectinaria & Mulinia on surface. . pinnata 0-1l ecm,
capitellid burrows 0-10 cm, few back—filled burrows
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Station: 89 o 9-78
Area: 1 Eastern Shore between Rappaharnnock and York Rivers (40 ft)

Depth of Penetration: 30 c¢m -

Sediment: muddy sand

Visual Structures:

Physical: none
Biological: few hydroids on top, lots of mal&anid'and Pectinaria

- tubes, Sabellaria reef, loinia medusa tube, lots of mobile
polychaetes, Molgula on top ’

Important Biogenic Agents:

Clymenella sp. - "conveyor belt® species, ventilates

Mobile polychaetes - Glycera, P. athigua, capitellids .~ bioturbatorsg
Pectinaria gouldii - "conveyor belt™ species :

Molgula manhattensis - prolific biodepositor

X~ray Structure:

rhysical:" none

Biological: lots of juvenile Ciymenellz 0-7 cm, lots of P. pinnata
. burrows, grey bioturbate texture from mobile fauna
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Station: 90 6-79
Area: Wolf Trap (26 ft) Depth of Penetration: 20 cm

Sediment: ' fine-medium sand -

Visuwal Structures:

thsicai: few mud layers below 10 cm

Biological: ' lots of maldanid tubes and §E;ophanes bombyx tubes,
mobile’ polychaetus

Important Blogenlc Agents:

Ensis directus - burrowing bivalve

Oligochaete - "conveyor belt" species

Spiophanes bombyx ~ tube dwelling polychaete, stablllzes

Mobile polychaetes — Glycera, Pseudeurythoe, Scoloplos blcturbation

X-ray Structures:

Physical - thin mud layers at 12 16, 20, 21 and 25 cm. few
mud layers below 20 cm

Biological - lots of Ensis traces, 0-7 cm. long thin burrows.

HMulinia shell hash layers at 12, 16, 20, 21 and 25 cm. (seems
to be associated with thin mud layers)
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Station: 91 6-79
Area: Eastern Shore between Rappahannock and York Rlvers (30 fr)

Depthr of Penetration: 20 cm

Sediment:  medium~fine sand

Visual Structures:

Physical ~ none

Biological - numerdus Milinia, Ensis and Tellina bivaives, lots of
Clymenella tubes, mobile polychaetes and phoronid tubes

Important Biological Agents:

Ensis directus — burrowing bivalve

Tellina agilis - burrowing bivalve

Callianassa atlantica - large burrowing decapod

Clymenella torquata - ‘‘conveyor belt" species, ventllates

Pectinaria gouldii — “conveyor belt" species

Spiophanes bombyx - tube dwelling polychaete, stabilizes

Mob11° polychaete ~ Glycera, Pseudoeurythoe, Scoloplos — bioturbators

" X-ray Structure: none, dropped
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Station: 92 6-79

Area: in Mobjack Bay {20 ft) Depth of Penetration: 50 cm

Sediment: mud (fluid)

Visual Structures:

Physical - fluid mud
Biological - watery tubes, lots of P. pinnata

Importanﬁ Biogenic Agents: mnone

X~ray Structure:

Physical: frozen so partially destroyed

Biological: deep worm traces
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Station: 93 6-79

Area: off the mouth of Mobjack Bay (43 £t)

Depth of Penetration: 50 cm

Sediment: mud to sandy mud

Visual Structures:

Physical: mnone

Biological: "small maldanid and ampeliscid tubes, dead hydroid
: fragments throughout, large Cerebratulus found just outside
the box, lots of P. pinnata

Important Biogenic Agents:

Cerebratulus lacteus - bioturbator
Pectinaria gouldii ~ "conveyor belt" species
P. pinnata ~ small burrowing polychaete
Asychis elongats - tube dwelling polychaete

X-ray Structure: frozen

Physical: mud layer at 20 cm

Biological: few back-filled burrows. Grey bioturbate texture
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Station: 94 6-79

Area: = mid Bay off Mobjack Bay (55 ft)
Depth of Pepetration: 40 cm

Sediment: ‘sandy mud

Visual Structures:

1 et i

Phvsical -~ none

Biological — large ampeliscid tubes, lots of Asabeliides and
Pectinaria tubes, old cerianthid tube, glycerid burrow,
Thyone briareus

Important Biological Agents: 7 ' - - ;

Glycera americana -~ large burrowing polychaete, ventilates : ) -
Thyone briareus - large deposit feeding holothurian '
Ceriantheopsis americanus - large tube dwelling anemone
Cerebratulus lacteus -~ bioturbator

Pectinaria gouldii - "conveyor belt" species

Ciymenella torgquata -~ “conveyor belt" species, ventilates

X-ray Structures:

v

Physical: Mytilus edulis shells at 30 cm

0% Kb s

-

Biological: lots of juvenile Pectinaria on surface, some
Clymenella tubes, large mud traces of back-filled burrows
Asychis tube 15~20 cm
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Station: 95 6-79 .

Area: ' mouth of the York River (35 ft)

Depth of Penetration: 50 cm

Sediment: mud

Visual Structures:

Physical: mnone

Biological: P. pinnata tubes on surface, few maldanid and
Ampellsc1d tubes, glycerid traces, old Cerianthid tubes.
Many back-filled burrows

Important Biogenic Agents:

Glycera sp. ~ large burrow1ng polychaete
Pectlnarla gouldii - "conveyor belt" species
. pinnatz — small burrcw1n" polychaete
Clymenella torquata - "conveyor belt" species, ventilates
Capitellids and oligochaetes - “conveyor belt" species

X~ray Structures:

Physical: s-ae sand layering at 15-35 cm

Biological: many Pectinariaz juveniles on surface, long P. pinnata
burrows 0-10 cm, few small Mcdiomastus burrows at surface
. many back~filled burrow 7-35 cm. Macoma shell layer 12-14 cm
7-20 cm many capitellid burrows .
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Station: 96 6-~79

Avea: mid Bay near York Spit Channel (27')
Depth of Penetratcion: 13 cm

Sediment: all fine sand

Visual Structure:

Physical: none

’ Biological ~ large Diopatra cube, few maldanid tubes, lots of
Ensis, Busycon on.surface

Important Biocenic Agents:

Glvecera americana - -~ large burrowing polychaete, ventilates
Ensis directus - burrowing bivalve, bioturbator

Clymenelia torquata - “conveyor belt" species, ventilates
Spiophanes bombvx - tube dwelling polychaete, stabilizes
Pectinaria gouldii -~ “conveyor belt" species

Capitellids - "conveyor belt" species

d-ray Structures:
Physical: some sand layering top 0-4 cm, shallow cavity on surface

Biological: Eunsis tubes, Diopatra tube, Pectinaria on surface,
Clymenella tubes, lots of small thin branched burrows 0-1 cm
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Station: 97 6-79

Area:: north of Capé Charles (110 ft)
Depth of Penetration: 20 cm

Sediment: ﬁuddy fine sand

Visual Structures:

Physical:

Biological - lots Pectinaria on surface, some glycerid traces

Important Blogenic Agents:

Tellina agilis - burrowing bivalve, bioturbater

Xereis succ1nea - medium burrow dwelling polvchaete, ventllates
Oligochaete - 'conveyor belt' species

Saballaria vulgaris = builds “reefs" of sand

Pectinaria gouldii - “conveyor belt™ species

Glvcera americana =— burrowing polychaete

X-ray Structure:
Phvsical - top 4 cm darker (muddier), lets of shell hash

Biclocical - lots of Fectinaria, few mud burrows, mostly grey
bioturbate texture
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Station: 98 L 6=T79

Area: off Xewport News (61 ft) Depth of Pemetration: 13 e=

Sediment: muddy gravely coarse sand,; poorly sorted

Visual Structures:

‘thsical: very heterogeneous sediment-nud gravel, hydroids, shells,
junk and large rock on top

Biological: three‘largé Callianassid'burrows, mobile polychaetes

- Important Biogenic Asents:

Callianassz aglantica - laroe burrow1ng decapod -

Nereis succ1qea - medium burrow dwelling polychaete, ventllates
Oligochaetes - couvevor belt" spec1es

Pectinaria gouldii - “conveyor belt" species

Mobile polychaetes - Glvcera, Orbinids, Arabella, Marphvysa

. X-ray Structures:

Physical: wmu! clasts, lots of shells hash, gravel and stones

Biological: <few Nereis burrows
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Station: - 99 6-79

Area:t Hampton Roads {55 ft) " Depth of Pénétratibnﬁ 39 cm

: Sediment: muddy fine sand

By

Visual Structures:

Physical: shell layer at 10 cm

Biological: maldanid tubes, Ensis directus burrows, long Glycerid
" burrow to 20 cm. Pockets of fluid mud, cerianthid tube

Important Biogenic Agents: ' o .

Ensis directus - burrowing bivalve, bioturbator
Pectinaria gouldii - “conveyor belt" species
Glycera americana —~ large burrouwing polychaete, ventilates

X-ray Structures:

Physical: lot of shell hash 5-15 cm. Darker mud band at
PR 15-20 c¢m, large rock on surface ’

f 4 , Biclogical: few Pectinaria onm surface, three Asychis burrows
' ‘ ' 14-30 cm, back-filled burrows 15-35 cm
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Station: 100 6-79

Area: " 0ff Cape Henry (62 £r) Depth of Penetration: 11 cm
Sediment:  fine-medium sand

Visual Structures:

Physical: none

Bioiogical: Fnsis burrows. Mobile polychaetes

Important Biogenic Agents:

Capitellids - "conveyor belt" species.
Mobile polychaete: Glycera, Magelona, Drilonereis

X~ray Structures:

Physical: iron oxide traces,. sand layering in cross trough bedding

Biological - large Loimia medusae tube, small worm traées
(Capitellids), Ensis directus traces, few thin Y branched
burrows (probably juvenile glycerid)
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Station: 103 4-79
Area: mouth of the York River (25 ft)

Penth of Pepetration: 17 cm

Sediment: muddy fine sand, lots of oyster shells

Visual Structures:-

5 S e S e SRR AT K e

Physical - oyster shell layer at 5-12 cm
Biological-~ lots of Clymenella tubes

Tmportant Biogenic Agents:

Clymenella torquata - "'conveyor belt" species, ventilates
Paraprionospio pinnata - small burrowing polychaete
Glycera sp. - large burrowing polychaete, ventilates

-

X-ray Structures: ) . L o -

Physical - slight mud layering on top

Biological - ojster shells 5-12 cm, with tubes
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Station: 104 4-79 )
Area: near Wolf Trap- Depth of Penetration: 57 cm

Sediment: muddy fine sand

Visual Structures:

Physical: none

Biolqgical: hydroid community on top, lots of back-filled
burrows, cerianthid tube, lots of Pectinaria on surface,
large Cerebratulus leaving traces =

Important Biogenic Agents:

Sertularia - hydroid, changes surface topography -
Cerebratulus lacteus - bioturbator

Molgula manhattensis - biodepositor

Paraprionospio pinnata - small burrowing worm
Nereis suceinea - medium burrowing worm, ventilates
Pectinaria gouldii ~ "conveyor belt" species.
Mobile polychaetes -~ Glycera, orbinids, etc.

K-ray Structureés:

Physical: large mud patches

Biological: back-filled burrow of Glycera or cerianthids, small
worms traces 0-5 cm (probably P. pinnata) few Pectinaria on
surface . :
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Station: 105 - 4-79

Area: Eastern Shére_off Cape Charles City
Depth of Penetration: 40 cm

Sediment:  muddy fine sand

“Visual Structures:

Physical: none

Biological: lots of Clymenella tubes, large Cerebratulus burrowiﬁg
: leaving a smooth oval burrow. Glycerid type back-filled
burrows and traces. Ophiuroid with commensal polynoid at
7 cm,; terebellid tubes, large Yoldia limatula, Asychis tube.

Important Biogenic Agents:

Yoldia limatula - deposit feeding bivalve

Cerebratulus lacteus ~ bioturbator

Cerianthecpsis americanus - large tube dwelling zanemone
Micropholis atra - ventilates )

Clymenella torquata - "conveyor belt" species
Capitellidae - "converar belt" species

Oligochaetes -~ "conveyor belt" species

Glzcéra sp. - large burrowing polychaete, ventilator
Loimia medusa —~ large tube dwelling polychaete

X-ray Structures:

Physical: none

Biological: Clymenella tubes, large Pectinaria, small worm traces,
general grey bioturbate structure from mobile fauna
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Appendlx F

Description of the biogenic structures of some of the common and
important macrobenthic organisms found in the lower Chesapeake Bay

Hydrozoa

Sertularia argentea - dead forms of this species break off
during storms and are transported to certain areas where
they are buried. They appear as black streaks and dots
in our radiographs (ex. Sta. 76}.

Anthozoa

Ceriantheopsis americanus - a large tube dwelling anemone which
may be up to 2 cm in diameter and may go beyond 60 cm in
depth.  The tube is made of tough cnidae and persists long
after the animal dies allowing for surface material to fill
in (ex. Sta. 84). TFor more details on this organism and
its structure see Frey (1970).

Nemertea

Cerebratulus lacteus — large predator (2 cm in diameter and 120
cm long) randomly burrowing as it searches for food. We
have found specimens hanging from the bottom of 55 cm
cores. As it burrows it leaves a oval opening matching
its body. Howard and Frey (1975) found that its foraging
traces do not remain open long and its effect is that of
general bioturbation. Like other nemerteans, Cerebratulus
produces copious amounts of mucous which may have a binding
effect on sediment grains (see Station Drawing 93b).

Phoronida

Fhoronis sp. - a tentaculate suspension feeder which builds a
long thin straight tube of sand from 0-15 cm in length
and <1 mm in diameter. May serve to stabillze the sediments
at high densities (Ronan 1978).

Mollusca

Busycon carica ~ large carnivorous gastropod (up to 20 cm) which
plows the top several centimeters of sediment leaving furrows
behind it. Results of this action is the destruction of
physical layering leaving a more homogeneous bloturbated
texture. (See Station Drawing 40a).
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Appendix F (continued)

Moliusca  (continued)

Ensis directus - deep infaunal suspension feediag bivalve. It
forms a slightly inclined burrow, whichk we have found as
deep as 20 cm, but is known to occur as deep as 50 cm.
(Allen 1954). We have found it to have a halo of lighter
colored (oxygenated) sediment arouad the burrow. It is
an extremely fast burrower and probably coatributes to
the highly bioturbated sands that it is commonly: found
in. (See Station Drawing 100c).

Mulinia lateralis ~ shallow infaunal suspeasion feeding bivalve.
We found size ranges <.5 mm to 20 mm. It can oecur in
large densities (approximately 30,000 per =2 at’ station 87)
It is this bivalve which contributes most heavily to the -
shell hash over most of the bay. Their c¢olonization and -
die off sequences can be seen as distinct shell layers in
several of our cores {see radiograph of Sta. 82)}. '

Polychaeta
Asabellides oculata - a tentaculate deposit feeélng ampharetid
: polychaete which is unusual because it builds a tube
horizontally along the sediment surface.  Tube has a
thin membrane lining with coarse debrla. {Sze Station
Drawing 840}.

-Asychis elongata — a deep deposit feeding maldanid polychaete
which produces a mud reinforced tube. Uniike other
members of the maldanid family, Asvchis feeds on the
surface. Its tube is usvally 4-6 mm wide and up to 50 cm
long. It often becomes back-filled when abandoned.

(See Station Drawing 83v).

Clymenella torquata - a deep deposit feeding maldanid poljchaete

which builds a thin (2-3 mm) sand tube to depths of "15-20

cm. . Because of its foraging habit of feeding at the bottom

of its tube (20 em) and defecating on the surface, Rhoads
(1974) called it a "conveyor belt" species. This species
is very common in muddy sands and sand of the bay and is
responsible for recycling old buried materials. It also
irrigates its tube often causing metals tc form insoluble
oxides around it. In some of our radiographs faint white
lines can be seen around its burrows due to these metal
oxides. In our visual observation the lcadings appear as
an orange rust. appearance. . {See Radiographs 89 and 103).
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Appendix F (continued)

?olychaeta (continued)

Diopatra cuprea - tubiculous carziwvore which decorates the top
" third of its tube with bits of shell, hydroids, pebbles -
and other coarse material. ot significant in ocur study
but may be locally abundanz iﬁhss 1872). (See Sta.
draw1ng 96 and radiograpn 5%}. v . .

Glycera~dibranchiata and G. americana - infauna omnivores which
produce inclining verticzl Zmrrows of 4-6 mm and up to 50 em
in depth. These commonly bzcome backfilled. A halo of
oxidized sediment surrounds chese burrow. See Howard and
Frey 1975 for more details zzm burrow morphology. . (See
Sta. drawing 85g).

Heteromastus filiformis -~ sma®l Zzfaunal subsurface deposit
feeding capitellid polychaeze. It builds small (<.5 mm
diameter 30 cm deep) multlw-muched feeding burrows with a
vertical defecation tube s2 it is another “conveyor belt”
species. A more complete <zscription of its sediment
reworking can be found in Cxdee (1979). (See Station
Drawing 80i). :

Loimia medusa ~ tentaculate deposit feedlng terebellid polychaete.
It builds.a mud reinforced naped tube. They are often
back-filled. It produce fs=z21 mounds producing a micro-
topography. (See Sta. drasciog 87p) '

Mediomastus ambiseta - small ’*'a:nal sunsurface de9031 feeding
capitellid polychaete. Liks Zeteromastus it is a "'conveyor
belt" species but is confizeZ to the top 5 cm. (See Sta.
drawing 950). '

Nereis succinea - infaunal omniwcre. It builds a complex burrow
(up to 6 mm in diameter) wizh several openings to the
‘surface as well as blind fesziing branches. Fairly common
to 15 cm in depth occasic=zlly large adults to 50 cm.

By ventilating its burrow it produces a halo of oxidized
sediment in the anaerobic zome. This organism was
designated to the most izscrrant species in the
bioturbation of a New Hamszire estuary (Winstom and
Anderson 1971).

Paraprionospio pinnata - infaunzl surface deposit feeding spionid
polvchaete. It forms a tzmpocrary burrow of .5 mm in
diameter and down to 15 cm Zz depth although usually does
not exceed 7 cm in depth. T:= burrow is very meandering
with a mostly vertical ccmprmenc. This is our most common
small burrow. (See Radicgzzzh 84).
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Appendix ¥ {continued)

Polychaeta {continued)

Pectinaria gouldii - shallow infaunal deposit feeding polychaete
(size range 2-68 mm). It produces a wall constructed tube
of ‘sand grains, resembling an .ice cream cone: -It-buries
until the tip of its tube is at the sediment-wvater
interface, feeding at the bBottom and defecating on the
surface {"conveyor belt" species). A lot of work on the
biclogy and sediment reworking by this znimal has been
done {Gordon 1966, Rhoads 1967, Whitlatch 1974).  Juveniles
were extremely abundant in almost a1l of our cores in the

' spnno of 1979 (See Sta. draw1ng 8lo).

Polydora 110n1 - a small suspension feedlng spionid polychaete
which builds silty U-shaped tubes. -Galstoff: (1964) reports
its presence in Delaware Bay was responsible for the burial
of oyster beds due to increase sedimentation rate caused by

- the suspension feeding biodeposition activities of this
spionid polychaete.

Pseudoeurvthoe ambigua - deep infaunal sub-surface deposit
feeding polychaete.  No burrow associated with this
organism, a random burrower. It is one of the few organisms
which occurs below 10 em in muddy sediments without a direct
connection to the surface. Its' respiratory physioclogy
wculd be an interesting study.

Sabellarwa vulearis — suspension feed1n° polychaete which buildsa
‘very hard sand tube orcen 1nterw1nlng with other Sabellaria
vulgaris tubes to form "mini reefs'. - Assorted epifauna
which could not survive the soft bc;tom are associated with

the Sabellzria structures (hydroids, Anadara, Molgula
caprellids, etc.).

Scoloplos sp. — & sub~surfiace deposit feeding orblnld which has no
permanent structures associated to it Its’' random burrowing
in search for food produces the homogeneous bloturbate texture
seen in many of our muddy sand and sand cores.

Spicchaetopterus occulatus ~ a suspension feeding polychaete which
builds long, thin, stralght tubes 6f clear chitin, Oniy

abandoned tubes transported from other areas (Zostera beds)
were found.

Spiophanes bombvx - tentaculate surface deposit feeding polychaete
which builds a loosely constructed sand tube approximately 4
cm long and 2-3 mm wide. (See Sta. Drawing 90aa)

167

it i —&WWIM

U —

3




48

-ApéeﬁdixlF (continued)

Polychaeta (continued)

Streblospio benedicti - small surface deposit feeding spionid
which produces flimsy mucous tubes which project a few mm. .
from the surface. Frey {(1970) tells how these organisms : .
may be used as current vanes. (See Sta. drawing 86e).

Oligochaata

Oligochaete sp. - smali subsurface deposit feeding annelid.
Another "conveyor belt" species. '

Amphipoda

Ampelisca abdita ~ tube dwelling surface deposit feeder. It has
been found to form tense tube mats (v 68,000/m2) which .
stabilizes surface and may increase the sedimentation of
fine material (Harrison and Lynch 1970). (See radiograph
of Sta. 78 and station drawings of 30, 76 and 78).

becapoda

Callianassa atlantica -~ a deposit feeding shrimp. It builds large
(2 em diameter) burrows with complex brancing and several
openings to the surface. Both Shinn (1968) and Howard &

Frey (1975) describe the burrows in greater detail. (See
Sta. drawing 98).

Echinodermata’

Micropholis atra - a deposit feeding ophiuroid found 5~12 cm deep.
Usually 2 to 3 arms extend down anchoring the animal while
the remaining arms reach the surface for feeding. A cavity
-snrrounds the animal which it ventilates causing a halo of
oxygenated sediments around it. (See Sta. drawing 105).

Thyone briareus - largé deposit feeding holothurians. Moyers
(1977) discusses the effect on sediment properties produced
. by the bioturbation of a deposit feeding se1 cucumber.
(See Sta. drawing 94).
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