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I. MECrjTIVE SIJkWY 

Sediment dynP3ics in estuarine areae are controlled by a complex 
interaction of phyiical and biological processes. 
substances enter the estuary they become closely associated with the 
sediment, thus, the factors that influence 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 
dynaics in the lower Chesapeake Bay. 

When most toxic 

Benthic organisms (a very diverse group of invertebrates that live on' 
and in bottom sediments) have the potential to redistribute dissolved and 
particulate materials vrithin the sediments, and between the sediment and 
water collurm. 
as bioturbation. 
involved their bioturbation activities may affect the distribution of toxic 
substances by: 

This activity of benthic organisms is generally referred to 
Depending upon the Life habits of the particular species 

* nixing - causing newly arrived surface material to be quickly 
buried or resurfacing older material 

0 ventilation - increasing the exchange between interstitial 
water and the water c o l ~  

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

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

e causing rapid sedimentation - through pellitizaeion of fine 
suspended particles 

0 causing erosion - by making sediment more easily transported 
Analysis of our box core samples from around the lower Eay (Figure 1) 

brought us to the following set of basic conclusions: 

0 The majority of the stations with large percentages of silt 
5 and clay are found north of the Rappahannock River. 

south of the Rappahannock are mostly muddy sands. Sand 
dominatcs the mouth of the Bay and along the Eastern Shore. 

Stations 

r 

1 

,' 



,- 

0 Hany of naturally occurring particles that corspose tlhe 
sediments are organic-inineral aggregates t b c  are destroyed 
during classical grain size measurement tec'miques. These 
aggregates cannot be neglected in considerhg the dynamics 
of deposition and transport of toxic subsraaces. 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 &he percent 

0 

abundance distribution of the different natural particles 
despite wide differences in grain size as derived from 
conventional analysis. The larger organic-wineral 
aggregates are certainly fecal pellets, created by the 
feeding activities of the benthos. 
aggregates are most likely formed in the decay of fecal 
pellets. 

Organisms capable of bioturbatirig sedizencs were found to 
occur aver the entire lower Bay. Populations were numerically . 
dominated by euryhaline opportunists. 

Swiller acurphic 

These species are 
extremely dynamic and occur over a wide range of salinities 
and sedinents. Their populations tend to vary a great deal 
both spatially and temporally. A large n=S.er of equilibrium 
species were also found. While not nwrically diminant: they 
tended to be the biomass dominants. X patgern almg the 
salinity gradient also exists, with the poByhaliBe zane havllng 
the greater number of individuals and species than che 
mesohaline zone. 

. 

0 The majority of the benthic organisms in-t"m lower Eay are 
fcund in the top 10 cm of sediment. 
deep dwelling organisins, muddy sands an inzemediate number, 
and sands the highest number. While there are a greater 
number of individuals and species in the poly'naline zone 
conpared to the mesohaline zone the proponeion of deep 
dwelling organisms is similar in both saLbFfy zones. 
Polychaetes were the moss specious groups to live deep 
(>lo cm) in the sedimenc. A11 major t a r x m d c  groups 
had deep dwelling representatives. Host a€ the beep 
dwelling species, were not numerically d m h a n t ,  but due 
to their large size were capable of processing large 
volumes of sediment. 

Muds "have the fewest 

0 None of our cores were without some evideasc sf bioturbation. 
The vast majority of the cores were 90 Eo 49% bioturbated. 
Those that had the least amount of bioturbztion tetided to be 
in the upper part of the study area, liave 5Huid aud surfaces, 
or have high amounts of coarse sand and grpmel, Physical 
structures, mostly mud or sand laminations, doninated the 
muds in deep channel areas and deep holes &%ere perioidic 
s - m e r  anoxia allows only the temporary sretling of 
opportunistic species which rend to be sksllox jioturbators. 
Nuds in shallower areas contain more species and m r e  

2 
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biological structures. 
are dominated by both living and abandoned biogenic structures. 
Sands are most uniformly mixed from bioturbation activities and 
show little biogenic structure other than tubes of living 
organisms. ?fuds tend to have a moze tube or -burrow oriented 
sedentary community while sands have a more mbile fauna 
causing a m x e  uriform bioturbated seabent fabric. 

Most of the e d d y  sands of the lower Bay 

1 
The density of biogenic structures of living organisms is 
highest in the top 2-3 cm of sediment, but structures are 
common to 5-20 CUI and have been observed below 50 cm. 

, I  
: 

* j  
This would indicate mixing to be most rapid near the surface 
and decrease with depth. 

material to depths of 5 to 40 cm or =re. 

Back fillkg of abaadoned burrows - and tubes is m important means of quick burial of surface 
i 

i 
a 
1 

i 

These findings all have implications that must be considered for the 
management of toxic substances and for modeling their distribution and fzte t 

t 
in estuaries. 
gradients within the pore waters. 
mixing and turnover of the sediments. 
will be most intense in the top several centbeters, but that most areas of 
the lower Bay have large organisms penetrating to 30 01 or more. 
the Bay bottgm is bioturbated, with the least biorurbation occurring.in 
deep holes where fluid mud and periodic anoxia fiizit the devalopmer;t of 
benthic populations. 
be summarized as f o ~ ~ o w s :  4 

i 

The benthos directly andlor indirectly influence the chemical 

Our study indicates that bioturbation 

. 
They also figure very predominantly in 

i 

i 
sedimentzition through pelletization i 

Most of 

The aechanisms of toxic traospcrt by the benthos can 

0 Feeding activities 
0 subsurface to surface movenent 

. _ r  

0 Burrowing activities . 
0 subsurface to surface movement 

lateral movement within sediments 

O Tube building 
0 stabilization of surface 
0 increase in sedimentation 

0 Ventilation of burrows or tubes 
alter pore water profiles 

0 increases flux between sediment and water column 

All these activities in soae way affect the m s s  properties of sediments and 
the dynamics of estuarine Sedimentation. 
movement of toxic subsiances within or between the sediment and water must 
include biological mixing coefficients. 

tine 
when in fact the toxicant could be buried and resurfaced many times beforz 
sedimenration removes the toxicant from the biologically active zone. 

h ~ y  n d e L  for predicting the 

f Models nor considering the benthos 
may erroneously predict permanent burial e€ a toxicant within a short 1 

i 4 -  a 



One of the prizre objectives of the EPA Chesapeake Bay Program has been 

Host toxicants 
to obtain the infornation necessary to predict the distribution and ultimate 
fate of toxic materials entering the Chesapeake Bay system. 
entering the water colunn become closely associated with particulate 
materials which eventually settles to the bottom as sediment. Thus, a 
thorough understznding of sediment dynamics and chemistry is necessary 
to understand the novemnt of sediment-bound toxicants through the Say 
system. 

f 

1 the Chesapeake Bay faunal composition and abundance change with substrate 
type and salinity gradients (Boesch 1977, Roberts et al. 1975). These i 

! 
j 

and Anderson 1971, AlPer 1978). i 
f' 

orgallism may increase sedimnt stability (Fager 1964, Xills 1967), 

. j  
indirectly influence the fate of sediment-bound toxicants. Benthie 1 

i' 
redistribute dissolved and particulate materials within the sedineots. In 1 

With the exceptions of azoic or rapidly accumulating environments, most 
sediments are mhabited by benthic organisms which have the potential to 

: 

faunal changes are reflected in the type and degree of influence benthic 
organisms have on both sedimentological and geochemical profiles (Kinston 

Depending on their life histories and living positions, benthic i 

1 
i 

? decrease sed-ent stability (Rhoads and Young 1971, Thayer 19791, increase 
the sediment accumulation rate (Haven and Morales-Alano 1966, Lynch and 
Harrison 1970) or increase erosion (Rowe 1974). All of these processes 

organisms may also affect the distribution of toxicants through their 
burrowing and feeding activities which displace materials, both 
horizontally and vertically, or thtcugh burrow ventilation which 
effectively increases the exchange between interstitial waters and 
the overlying water c o l w  (filer 1978). 

1 
B 

This study was designed to obtain information on the animal-sediment 
relationships in tile Chesapeake Bay as a means of assessing the relative 
inportance of benthic aacroinvertebrates in determining the distxibution 
and fate of sediment-borne toxic substances. Large volune box cores for I 

biological examination were collected simultaneously wit5 cores taben by 1 
Haryland Geological Survey for interstitial water chemistry. Vertical i 

distribution of organisns within the cores was utilized as a ceans of 
f 

I ; 
determining the depth of biological mixing. The vertical distribution d 
of organisas nss been f o m d  to be correlated to the depth of mixing by 
Krezoski et al. (1978). Ke also employed an x-ray technique established 1 

different areas of the estuary hs well as the types of biogenic structure 

&- 

* I  

f 

by Howard and Trey (1375) to determine the relative amounts of aixxng in 

produced by resrdat orgoniszis. 
1 

Our 13st approach involved a microscopic 
i. 

4 





111. KETIIODS 
7- 
x. 

X joint cruise with Maryland Geological Survey was made in September 
Twenty-five stations in the Virginia portion of the Chesapeake Eay 

An additional 3 stations were sampled by box corer 

1978. 
were sznpled with a box corer for biological studies and a gravity corer 
for chenicaf studies. 
on a separate cruise in late April 1979 in order to perfect newly developed 
core processing techniques. A second joint cruise with Maryland Geological 
Survey (sediment chemistry) and National Bureau of Standards (water column 
chemistry) in June 1979 visited a final 25 stations. 
includes detailed biological and chemical profiles from SO stations 
representing the various sedimentary and estuarine environnents of the 
lower B a y  (Fig. 1). 

The resulting data 

Biological sampling was accomplished using a U.S. N 
Laboratory spade box corer. 
enconpzssing a surface area of 0.062 m2 with a maximus penetration of 60 
an, 

The box corer takes an undisEurbed sample 

Once the box core was retrieved any overlying water was careftlly 
siphoned off and surface topography (ripple marks, fecal ROUR~S, 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 cur, 
placed in a water tight plexiglass container and refrtgerated for fater 
rzdiography, The remainder of the box corer was measured for depth of 
penetracion and then a small sedimen: 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 xas placed intact in a water tight plexiglass container and 
stored in a freezer. 

Ttae 6 clzl section was trkned 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). Ice 
used a Torr 120 kv. x-ray machine with 1G x 17 Kodak AA Indcstrial x-ray 
film. Voliage. 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 outlined in Howard and Frey 
(3.973, 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. ct 
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XV. RESULTS 

A. Sedinients 

Table 1 lists the percent sand, silt, and clay for the vertical 
intervals taken down each core. 
percentages of silt and clay are found north of the Rappahannock River. 
Stations south of the Rappahannock River are mostly m d d y  sands. 
doninates the areas at the m m t h  of the Bay and along the Eastern Shore. 

Xost of the cores are fairly homogeneous, but a few show some large 
vertical variations. Sediments at Station 27 in Pocornoke Sound contains 
mostly fine sand (55%) with little gr2vel (.2%) in the top 5 cm. At the 
20-25 cn layer the gravel content has increased to 20% and fine sand has 
decreased to 15%. 
in the top 5 cm, but becone coarser towsrds the deeper layers. 
has alternate layers of low and high gravel content sediments, 

The majority of the stations with large 

Sand 

. 
/ 

Sediments at Stations 37 and 39 are mostly mediun sand 
Station 41 

Station 77 has high percent silt-clay sedknents in the top 5 cm (45%) 
but this drops to 12.5% in the i0-15 cm layer before increasing to 302 in 
the 20-40 cm layer. 
vertical sediment change. 
the next layer (10-15 cm) only 28% mud. 

Station 78 exhibits the m ~ s t  dzamtic example of 
The top 10 cm contains 90% rnud sediments, but 

Sediments at Station 80 fluctuate considerably in % sand with depth. 

Stations 28 and 49 are the only two stations which have 
Sediments at Stations 89 and 91 increase in their percent mud and coarse 
sand with depth. 
a coqsistent gradient of increasingly muddy sedircents with depth. 

The most eomman vertical variarion found in cores is an increase of 
coarser material with depth, the next most frequent occurrence is random 
fluctuations, and the least common is an increase of finer materials with 
depth. 
source of sedimentary materials. 

Vertical variations represent changes in the energy environment or 

Table 2 lists the sedimentation rates at the different sampling sites. 
Host stations have net iteposition rates on the orcor of -5 to 1.5 cmfyr. 

for Station 96, all have high silt clay contents. 
largest deposition rate (2.64 cu/yr) 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 clean sands 
and except for stations 90 and 91 occur at or very near the mouth of the 
Bay. Both stations 90 and 91 occur in shallow high energy environments. 

Jtations 26, 86, 94 and 96 have deposition rates grearer than 1.5. Except 
Station 96 with the 

5, 
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Station 42 
0-5 clin 
5-10 

10-15 
15-30 

25-30 
30-36 

Station 43 
0-5 UII 
5-10 
10-15 
15-20 
20-24 

20-25 

Station 44 
0-5 crn 
5-10 
IC-13 

, 

Station 45 
0-5 cm 
5-10 
10-15 
15-20 
20-27 

73.3 16.0 10-0 
61.8 24.5 13.6 
67.4 19.9 12.7 

66.4 18.6 14.9 
68.9 19.5 11. 6 

0.7 
0.1 
0 

trace 
mfssing 

0 
trace 

67.7 19.8 12.5 

69.4 20.0 9.2 1.4 
missing 
1. S 
1.0 
0-1 

73.9 14.9 9.3 
80.0 12.2 6.8 
79.9 13.5 6.5 

91.3 2.3 4.5 
87.8 3.2 7.7 

2.0 
1.3 

nis s ing 

0.6 
0.7 
3.7 
0.9 
3.9 

95.1 1.4 2.9 
0.9 2.6 95.8 

90.9 1.8 3.6 
85.9 5.0 8.1 
83.1 5.7 7.2 
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Station 95 i 

0-2 CLJ 0 8.8 53.2 38.0 
2-5 trace 10.0 50.0 40.0 
5-10 0 5.4 53.4 41.2 
10-15 0 7.2 53.2 39.6 
15-70 0 6.4 52.6 4l.O 
20-30 0 7.2 50.3 42.5 
30-40 trace 7.8 51.1 41.0 
40-50 0 12.7 50.3 37.0 

Station 96 
0-2 0.1 92.9 2.8 4.2 
2-8 0.1 93.6 2.7 3.6 -r 

4 

a 
f Station 97 

0-2 a 1.8 65.8 r32.3 silt & clay 
2-5 trace 67.0 20.6 12.3 
5-10 trace 76.9 13.3 9.8 

t 10-15 trace 79.9 11.3 8.8 
35-20 0 63.0 24.9 12.1 
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B. Faunal Composition and Abundance 
Y A total of 34,811 individuals representing 133 taxa were callected. 

Polychaetes were by far the most numerous (21,592 3xiividurtls) and diverse 
(8& species) benthic invertebrates, wi.th crustaceans second (8,491 
individuals, 39 species), and molluscs third (4,499 individuals, 35 
species). Xiscellaneous groups were represented 5y 229 individuals 
and 15 species (see Appenclix A for species list). P 

A great disparity existed between the number of individuals collected 

cruise. In September, 1978 4,197 individuals were collected. Polychaetes 
represented 10% of the total, crustaceans 822, mollrrscs 7x and miscellaneous 
taxa 1%. 

, on the September 1978 cruise and the number collected on the June 1979 

/ 

Qn the June 1979 cruise 27,326 individuals were collected, alnost a 7 
Polychaetes had the greatest relative increase with 69% of 

Relative to the total, crustaceans decreased tQ 173, mQllUSCS. 
fold increase. 
the total. 
to 13% and niscillaneous grcups to less ttan 1%. 

Aside from the numerical disparity between the two seasons, a shift in 
dsninance from one set of species to another occurred. 
Biological Index (McCloseky 1970) a rapking dominance can be given that is 
representative of each species abundance and frequency. The five dominant 
species in the fall collections were: 1) Pseudeurrthoe d i g u a  (polychaete 
2) Paraprionospio pinnata (polychaete), 3) Retusa canaliculata (gastropod), 
6) h?elisca abdita (amphipod) , and 5) Nereis succinea (polychziete) . 
the early summer collections the five dominant species were: 2.1 Streblospio 
benedicti (polychaete), 2) Pectinaria gouldii (polychzetef, 3) Pseudeurythoe 
azzbigua (polychaete), 4) Paraprionospio pinnata (polychaete), a d  5) 
>!ulinia lateralis (bivalve). Streblospio benedicti was not mong the top 
20 in the fall, vhile Pectinaria gouldii was ninth and Xulinia Eateraxis 
was seventh. 

Using XcCloskey's 

In 

Some of this disparity can be expl.ained by the sapling of Oifferent 
stations as well as a change in techniques (see >lethods secticn). 
the nunerical disparity and species dominance shift fron fall to spring can 
be explained by spring juvenile recruitment, especially by fecund surface 
dwilers such as Streblospio benedicti, Polydora ligni, Yedionastus ambiseta, 
Xrziinia lateralis and Pectinaria gouldii. Boesch et al. (1976), in 
discussing the seasonality of benthic communities in Chesapeake b y ,  
notes that although recruitment takes place all s-er long, arrly spring 
and fall recruitment contribute significantly to the adult population. 
Predation by epibenthic predators such as the blue crab an5 fish can 
reduce the populations of these prolific surface dwellers during the 
smrrer (Virnstein 1977). 
lowest population levels, 2s reflected by the samples taken at this time. 

Most of 

By September, the benthos is probably at its 

Table 3 lists the cominon species found in the study irith information on 
t occurrence, feeding type, biogenic acti-rity and habitat preferences. 
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C. Spatial Patterr 

To facilitate the discbssioc ai species distribution patterns, stations 
have been categorized into major salinity and substraie 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-pofyhaline transition zone and the polyhaline 
zone by the occuiirence of species restricted to higher salinities (i.s, 
Micropholis atra, Nucula proxima, Yoldia limatula). 
betceen the polyhaline and the poly-euhaline transition zones was based on 
the occurrence of stenohaline continental shelf species (i.e. Goniades 
carolinae, Glycera robusta, Spiophanes wigleyi, and various syllid species). 
Same of the stations in the meso-polyhaline transition zone included 
stations sampled by Maryland Geological Survey. 

Station differentiation 

A similar strategy was employed in differentiating sediment tpe. 
fgnoricg eurytopic species, we used less frequent, but cemon species to 
d e t e d n e  biologically meaningful sediment differences. Species which . 
OCCUK at either end of the mud-sand spectrum tend to be more restricted 
to their habitat than species occurring in mixed sedimer,ts (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, 
Elacoma balthica). 
ized by sand specific species (i-e. Sabellaria vulgaris, Trichophoxus 
epistonus, Owenia fusifomis, and Zonoculodes edwardsi). Sediments with 
a more even mixture of rnud and s m d  were considered as mixed sediments. 

Sand stations had less than 15% sand and were cbaracter- 

The dominant species in each of the 8 habitats sampled in the lower Bay 
are listed in Tabie 5. 
in Gore than half of the habitat types. 
opportunistic tendeccies exhibited by these species. 
riominance, and irruptive population dynamic-: of these organisms Fake 
it difficult to understand patterns in distribution. 
(1973) have pointed nut the importance of sea-floor disturbance in 
determining the distiibutioo of nost opportunistic species, yet disturbance 
is a difficult parameter to quantify particularly when it is not of a 
catastrophic nature . 

Eigkt species occur among the 10 dominant organisms 
This reflects the relatively 

The ubiquity, 

Rhoads et al. 

, 

Tests of significance (t-test, Sokal and Rholf 1969) were used to 
compare numbers of species beeween various sediment types, salinity 
zones, and seasons. There was a highly significant (p=O.Ol) increase 
in tke nun13er of species from the 9/78 sampling Lo the 6/79 sampling. 
There were no significant differences betveen substrates withirt any one 
salinity zone for the fall sampling. 
substrate difference in the pzlvhaline zcne for the June 1979 sanpling, 
with mud having fewer species chaz either mixed or sand substrates. 
Haven et al. (1967) sampling the palyi.?line zone of the York River also 

There was a significant (p=0.05) 

found fewer species in the mud t h  in s m d ,  -, 

, - 
Significant differences also existed in the comparisons between 

salinity zones. 
than the polyhaline zone in both seasons. 
gradient in species diversity fro= areas of higher salinity ta areas of 

The meso-polyhallne trznsition zone had fever species 
Boesch (1972) found a similar 

L lower salinities. 
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D. Vertical Distribution Patterns 

The vertical distribution patterns of individuals and species in the 
major habitats €or eech cruise are graphically depicted in Figures 2-16. 
Histograns represent the nunber of individuals or species while the line 
represents tLe c*mulative X with depth. 
abundances in the top 10 CDL. 
sampling in the neso-polyhaline transition zone showed any differences 
in species nuizbers and abundances. Flud hod LOOL of its macrobenthic 
organisms contained in the top 10 cm, while mixed had 912 and sand the 
least with 54%. 

All areas had the greatest spxres 
Eased on the percentages, only the fall 

If One looks at the actual numbers of organisms living below 10 a a 
pattern emerges. PIuds generally had the shallowest faunal penetration, 
with mixed sediments intemediate. Sand usually had the largest number 
of deep dwelling organisms. A pattern along the salinity gradient also 
existed, with the polyhaline zone having greater nuqber of hdividwls 
and species rhan the meso-polyhaline transition zone. 
the poly-euhalkne transition zone had the least number of deep duellix 
organisms. ahat one exception was station 91, which had a large number 
of animals penetrating beyorid 10 cm. 

Individual species distribution 

With one exception 

Polychaetes were the most successful group living in the deeper sediment 
Host of these polychaetes built long tubes (e.g. Clymenella and layers. 

Asychis) or deep burrows (e.&. Glpcera and Nereis). A few polychaetes 
burrowed freely without any permanent structure to the surface (i.s. 
Pseudeurythoe =bin-ua, Sipambra). Plolluscs and crustaceans were eqcd. 
in their abiiity to penerrrate the deeper layers. Bivalves with long 
siphons, such as =, Macorm and Telli.na, were able to bury deep and still 
maintain connections to the surface. Ensis directus, another deep burrowing 
bivalve, maintains a burrow as its connection to the surface. Crustaceans 
which could build tubes or burrows (e.g. the anthurid isopod Cpanthura, 
amphipod Leptochrirus and the decapods Upogebia and Calliznassa) were able 
to penetrate &EO the anaerobic zone. Aligenert elevnta (a bivalve) and 
Listriella cP-=xsneflae (an amphipod) were able to live deep in the sei- Uments 
due to their associarioc with the deep tube dwelling polychaete Clperrella 
torquata. 

Table 6 lists the twenty dominant species found in this study wsith 
their maximum sediixent penetrations. 
restricted to 6212 top layers. 

>lost of the abundant species are 

Table 7 lists those species whose populations living below 10 clia exceed 
10% of the tcjtal population. X total of 34 species would be significa3:ly 
undersanpled if a saspler was to penetrate oniy 10 cm. 
ambigun. the zhird aost dominant species of the study, had more than o m  
half or its pijpulation living deeper than 10 cm. Fig. 17 describes its 
vertical distrijution along a sand gradient. Increasing :he mud content 
decreases :he Penetration o€ this annelid. 
species with significant deep populations include tKe mobile glycerid 

Pseudeurythoe 

Other nmerically dominant 

































_- E. Sediment Structure and Levels of Eioturbation 

X-ray techniques, developed by Howard and Frey (1973, 1975), were used 
to determine the effects organisms have on mixing sedicient. 
have enabled us to deternine the degree of bioturba 
dominate the sediment structures, and depths to which biogenic srructures 
extend. Since we used methods outlined by Howard ana Erey (1975) we felt 
it appropriate to use their bioturbation classification. By estimating 
the percentage of the area in a radiograph disturbed by organism, a 
station could be placed in one of the following biorurbation percentage 
groups: 0, <30, 30-50, 60-90, 90-99, 100% (see Table 8). Xone of our 
samples were without some evidence of bioturbation and the vast majority 
fell in the group 90-99% bioturbated. 
bioturbation tended to be either in the upper part of 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). 

Radiographs 
n, what crganisms 

Those that had the least anoilnt of 

t 

Since x-rays are expensive to reproduce we have chosen to reproduce for 
the final report radiographs which are representative of nost major habitats 
in the lower Chesapeake Bay (see Appendix D). 
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. 

For a description of 

polychaetes, which build temporary burrows ex 
maldanid polychaete Clyiilenella torquata, whic 
of 15-20 cm in length. 
robustus, Pilargis sp. A, Asychis elongata, and Dilczereis magna all 
individuals were found belou 10 cn. 

nd-g 45 Cra or mre, and the 
buifds a vertical sand tube . In the cases of Callianassa atlantica, Scoloplos 

I ? 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. 
stations, 10 were from the September 1978 cruise. This is a result of 
both technique differences which allowed better recovesj of s ~ l 1  soft 
bodiod animals and the spring bloon of surface dwellers such as 
Streblospio benedicti, Nulinia lateralis, Pectinaria gouldii, Mediomastus 
ambiseta, and Polydora ligni. Populations of deep delfing organisms 
remained relatively constant increasing slightly in the sprinz collection. 

Or" the remaining 11 

Physical Structures 

Most of the physical structuring in the lower C~esapeake Bay consists 
of mud-sand laminations (in the radiographs sand appears black; mud appears 
white). 
planar in Station 80 (Plate 2). 
(Plate 3) trough cross bedding. 

Laminations are of small scale ripple in Station 82 (Plate 1) to 
Sand lamination occurs in Station 100 

P 
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Echinodermata 





a 40 sand 90-99 
41 muddy sand 90-99 
42 muddy sand 90-99 
43 mcddy sand 90-99 
44 sand 90-99 
45 sand no radiograph - _  46 muddy sand 90-49 
47 muddy sand 90-99 

1 muddy sand 90-99 

50 sand 90-99 

48 
,. 49 muddy sand 60-90 

76 mud 90-99 
77 muddy sand 90-99 
78 mud 60-90 
79 mud 60-90 
80 muddy s a d  
a1 muddy sand 90-99 

83 mud 90-99 
84 mud 90-99 
85 mud 90-99 

87 mud 90-99 

89 muddy sand 100 
* 90 sand 90-99 

82 mud 30-60 

86 mud < 30 

88 muddy sand 90-99 

91 sand no radiograph 
92 mud 90-99 

33-60 

f 
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Other physical structures consist of methane pocketing as seen in the 
lower half of Station 82 @lzte 1). Hethane is produced in areas of high 
organic input and absence of oxygen. 
be so high, particularly during the summer, that bubbles form which escape 
to the surface, thus foming bubbletubes (Martens and Rlump 1980). PEacro- 
fauna may, by pumping oxygen into the sediment, prevent methane saturation 
(Martens 1976) e 

Methane production in these areasthay 

" 

i 

Other physical features of special interest are substrate changes. 
Station 78 (Plate 4) has a fluid mud surface stabilized by a dense mat of 
Anpelisca abdita (an amphipod) tubes. Below the tubes the sediment changes 
abruptly to coarse sand and gravel. 
5) is fine sand below which is a storm erosion layer of hard clay, rocks and 
shells. At Station 103 (Plate 6) there was formerly an oyster reef which is 
now covered by fine sand and populated by the maldanid polychaete Clymenella 
torauata 

Biological Structures 

The top 12-15 crc of Station 27 (Plate 

Biological structures can be classified -::o three types. Living 
rcaintained structures are usually found in che top 10 cm, but have been 
found as deep as 50 cm. 
many having a halo of lighter colored sediment due to ventilation by tho, 
occumnts. 

Most of these are tubes or burrows of palychaetes, 

The most freauent tubes or burrows seen are those of Pectinaria t : 
gouldii, Paraprionospio pinnata, Loimia medusa, Asychis elongata, Clpenella t d  

torquata, Glycera 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 shrirsps, produced 
burrows too small to be easily recogni-zed or preserved. Although biogenic 
structures attributable to fish were riot observed, other studies have noted 
ths effects of fish on bottom sediments (Cook 1971, Risk and Craig 1976, 
Hmard et al. 1977)- The abundance of rays, 2lat fish and Slue crabs in 
Chesapeake Bay make then good candidates for a lot of the bioturbation seen 

' i  
: I  
1 4  

in our cores. 

Tubes or burrcws which are abandoned and subsequently fillea in with 
surface sediment represent the second major class of biogenic 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 - 1  I ( 7  

. s  
I $  

mud generally occur below 5 crn to depths greater thar, 60 cm. Host Df these 
structures are large; apparently the small burrows are destroyed by 
bioturbation (Cullen 1973) These stri-ztures are seen in radiographs of 
Stations 84 (Plate 7-E) 95 (Plate 8-61, and 7E (Plate 4-F). 

The third major class of biogenic structures is the bioturbation 
structure. The randua Feedins and burrowing of polychaetes, nolluscs, 

produces a mottled appearance with faint bands of former laminae (see 
radiographs of Stations 64 - Plate 7 and 95 - Plate 8). At higher levels 
of bioturbation the substrate is completely mixed, leaving living mintaiaed 

"i- and crustaceans mix the sediment layers. At 1,w levels this feeding 

CY 

c, 
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1 

- 1  Physical structures dominate the muds Lz deep channel areas extfndinrg 
into deep holes at the mouths of major rivers, 
fluid mud surface and periodic summer anoxic conditions allow only the 

lateralis, and the polychaete Streblospio be?edic+ (see Radiograph of 

Stressful conditions of a 

i 
d temporary settling of oportunistic species such as the clam Mulinia 

Station 82 - Plate 1). i I 
i 

Sometimes a tube dwelling amphipod, can colonize these i 
J fluid surfaces 

surface. This effect allowing deeper tube dwellers like 
Loimia to become established. These tube inats are ephemeral (>fills 1967) 
and are destroyed by major physical disruptions (i.e. storm, anoda, or 
high deposition o€ sediment). Radiograph 80 (Plate 2) had such a -Ampelisca 
community and demonstrates the alternate horizons of physical and b i o f ~ g i d  
dominances. 

es high enough to literally carpet the 
i - 
! 

2 
1 Muds in shallower regions are less likely to suffer anoxic conditions, 
f contain more animals, and hence are mare biologically structured. Faint 

physicai Layering is evident, but backfilled burrows dominate the sedhent 
fabric (see radiographs of Stations 84 - Plate 7 and 95 - Plate S). i 

t Host of the mixed sedimencs of the bav are dominated by bianenic - 
structures. 
common in these areas (see radiographs of Stations 42 - Plate 9 and 103 - Tubes of the maManid polychaete Clpenella torquata are very 

f . Plate 6). Sands appear to be the most uniform, usually lacking back-filled 
burrows vhlch are probably destroyed by the bioturbation of the =obi12 1 

i 
- 1  fauna characteristic of the sand. 

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 

Only the tubes and burrows of living 

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

Biologists involved in animal-sediment relaiionship 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 plans Eragxents are often-desrroyed 
or broken down to their smaller mineral components. Young (1971) found 
dry sieving yielded 38-91% silt-clay while gentler wet sieving gave values 
of 33-502. i 

3 
Very often the distribution of organisms does not correlate with cedian i 

i 

I 

5 
grain size, % silt, clay or other parameters derived from dry sieving. 
Whitlatch (1976) in a study of food resource partitioning in deposit feeding 1 

1 
8 

annelids, nated that the sorting coefFicient based on only three points axs 

w 
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Since a toxin's fate and t?r&isposs is ultimately tied in with -here 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 ?fethods). 

Table 9 lists the types of partLclzs and whether they are abundant, 
common or rare in lower Chesapeake 3ay sed-nts. 
aggregates refer to small mineral grains einbedded in a matrix of organic 
material. Most workers (Rhoads 1974, Joftlson 1974, Ronan 1975) agree 
that the organic-mineral aggregates represent fecal pellets in various 
states of decay. 

Organic-mineral 

Fkineral particles consist of solitary grains usually of quartz which 
may of may not have an organic eiicrustation, 
have found these encrustations to be bacterial films and colonies. 
a11 mineral grains larger than 25 p were encrusted while less than 20% of 
the mineral grains less than 25 E; were encrusted. 

Anderson and Meadows (1969) . 
Almost 

Whole fecal pellets, although abundant in the scanning, represent a 
small fraction of the abundance as coqared to organic-rcineral aggregates, 
encrusted mineral grains and mineral grains. 
rapid degradation and as mentioned before degradated fecal pellets are 
probably represented as organic-dneral aggregates. XcCall (1979) took 
fecal pellets and disaggregated the3 3y stirring and then more vigorous 
blending. His results as docweaced in sequential light micrographs, 
show that whole fecal pellets disaggregate into large organic-mineral 
aggregates followed by small aggregares, artd finally solitary 3ineral 
grains 

This may be caused by their * 

Macrophyte fragments were ccmmn in all sediments sampled. The identity 't 
of the plants could not be ascertained, but nost likely represented remains 
of the marsh grass Spartina alternifrora aod eelgrass Zostera riirina. 
Because most stations siinpled w x e  
live diatoms were rare, but their frustules were common. 

sater depth in excess of 20 feet, 

All other particles, although caznon, were represented by such low 
numbers as to be considered uni=lportmt to this study. 

i 
Table 10 gives the per cent a5undarrce distribution among the four 

major particle classes. Organic-dneral aggregates less than 25 )I were 
the most abundant particles, except at six stations where non-encrusted 
mineral grains less t f i m  75 ; rere. 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 night be expected in this type of 
environment. Johnson (1971r) eqerixnted with settling velocities found 
organic-mineral aggregates stayed in suspension longer than th 
components lending support to the buoyancy effect of the organ 

s 
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Except fop the e~ssi~rz;ll stations it is remarkable how sbilar the 
other stations are in &heir 2 abundance distributions aE particle types. 
This is very differarc irlx9 grain size data obtained by conventional g m i n  
size analyses base4 AX ~-ek&c (see Table 1). 

Fig. 18 is ;P gr.1~5 % ~ f  the mean number of fecal pelzecs at each depth 
sampled for ail s ~ s t i c ~ s  s q l e d  in each cruise. The highest number of 
fecal pellets lfe Lm tke SdrZace and quickly decline at 2 cz and nore shwiy 
decline mtii 10 CP &ere there is a slight increase. 
is a gradual decIxc?c. ?;lis dlstribution is expeclted because nost benthic 
organismi deposit their feca1 pellets on the surface. A slight increase ' 

from 5-10 ca pFobz31F ,-ep.cessnts a secondary input from subsurface 
defecation. The fact that &%ole fecal pellets are found at LQ cn is 
consistent with the e-xprtrizents by Cadee (1979) on the resistance of 
Heteromstus filii,-ws=is Ieeak pellets. 
resistxt to bacterid baeak20wn or moderate stirring as compared to 
experime:irs with ?i3ccaa h.3thica fecal pellets, which were very easily 
disaggregated Cask &a& Sofiat 1977). 

From 3.040 cm there 

He found the pellets to be highly 

Sedinents coflcctt4 &ring the early summer cruise (6-39) had about 
twice the nwzbtr af fecal pellets as did tkose collected buring the fall 
cruise (9-7s). This is cmsistent with the overall increase in numbers 
of animals for the 6-73 cruise, 

Sedhents zt aP1 stsrions showed an abundance of stained particles. 
DiEferences bctwxzn s:st,ians in the cumber of stained versus non-stained 
particles vere insQ.niPic.mt. but same differences existed in the size or 
form. 
mineral grains, bur ?& a correspondingly higher concentiation of organic- 
mineral asgrcgamtes, 
insignificmt, xich zke exception uf larger numbers of fecai pellets 
and live dlatecs WJSI tkt. surface. 

For e s q l e  Zinc grained sediments lacked the larger encrusted 

'Cert:caL differences at any one statim wore 

G. Fore Kster C!xaistiq 

At :he ti= 05 th5s rTrcing the only complete set of chemical analysis 
of the pore water is eca the xajor cations and anions (informcmn-provided 
by Dr, S. Tyree. Ibtpssta~~t of Cheraistry, College of Willi~i and Xary). 
Pfost of these (Sa, K, Xs, Cas F, C1) ions are conservatxve and constant 
with dsptt:. 
dccomposicicn ~f urg-~nzc cxter mediated by various microorganisms. 
Sulphate redirctioa PS probably the controlling decomposition path~xy and 
h:Is been frc.c;::c.nci-: s:uc?izcc. In two studies OF the sxlptiur ~ y c l e  in tiit\ 
maritie cnuxrcncent - " & r ~ t ~ ~ e n  (1977) and Goldhaber et al. (197;) attributed 
the constme: suPi;k:e v - 1 2 ~  xn the upper 10 cm of the sediment to the 
irrigation aCtivf:-v oh t5e axcrofaunn. 

The rest (si?;". S03-2, PO;-3, SO$-2, HC03-) are ccntrolld by 

. .  

LWZ" data fer this relationship several difficulties arose. 
~:JL;I vcl;=le nf water to be able to run d l  the .malvscs 

allowed the s'neznsts t ~ y  sx-zle only mud, which has a high waccr conienr. 
Such envrron=-nts are ti-r;~:iid in tIie lower Ray and have sparst' benthic 
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V. DISCUSSION 

c i 

B A, Population Distribution 

Macrobenthic communities in the lower Bay are ntmerically do-ainated by 
euryhaline opportunists (sensu Boesch 1977). T h s e  species are extremely 
d y n d c ,  and occur over a wide range of salinities and sedlnent types. 
Their populations vary both spatially and temporally. 
while not numerically douinant, tend to dominate biomass. 

Equilibrium species, 

The majority of macrobenthic organisms in the lover Chesapeake Bay are 
found in the top 10 cm of the sediment column. 
agrees with vertical studies elsewhere (Holander 1928, Holm 1953, Lie and 
Panatmat 1965, Keith and Hulings 1965, Johnson 1967, Smith and Howard 1971, 
Beukema 1974 and Rosenberg 1974). 
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 (.%ller and Yingst 1980). 

Such a vertical distribution 

Most ecologists agree that the surface 

Even if food supply is adequate at depth within the sediwnt, oxygen 
may not be. 
A larger grain size of sand sediments facilitates pore water exchanges, 
allowing oxygenation to deeper depths, 
to ercst without connections to the surface. 

Substrate plays a large role in deternining oxygen penetration. 

This enables a deep nobile fauna - -- -- 
Deep dwelling organisns in the stable mud habitat where the RPD (Redox 

Potential Discontinuity) layer lies almost on the surfsce tend to have a- 
direct connection to the surface via a tube or permanent burrow. Organisms 
irrigate these structures, thus bringing oxygen doh? into the sediments. 
The Few organisms that live at depth in the muddy sedinents, such as the 
polychaete Pseudeurythoe ambigua, must have a tolerance of sulpbides with 
some capacity YO respire anaerobically. Unstable mud habitats probahly 
lack deep dwelling organisms because of the organisz'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 dxellin,: organisms from 
the neso-polyhaline transition zone to the polyhaline zone may br just 
a reflection of the overall increase in numbers and species of the 
polyhaline zone. Xumbers of deep dwellers decreased €FOTQ polyhaline to 
poly-euhaline transition zone. Rhoads (1967) states that organisas respond 
to the fluctuating environmnt of the nearshore by building deep burrows 

% 

1, 

1. while offshore benthos restrict themselves to the upper layers, 
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Individual species distrfbution 

> As was true in most studies of rn 
most of the organism found below 10 cm in the study were polychaetes 
(Smith and Roward 1971 and Beukema 1974). 
is well adapted to infaunal life (Mangum 1970). Elany of the deep dwelling 
species are not numerically dominant, but the large size of many of these 
animals (i.e. Asychis, Callianassa, Cerebratulus, Ceriantheopsis, Upogebia 

size they process large volumes of sediment, thus altering the geological 
properties and indirectly affecting community development (Myers 1977). 

Seasonal effects 

obenthic vertical distribution 

Their respiratory physiology 

b .f 

and Thyone) would dominate standing crop biomass. Because of their large 

Juvenile settling in spring by Streblospio benedicti, Mulinia lateralis, 
tlediomastus ambiseta, and Polydora ligni caused large increases in the number 
of organisms inhabiting the 0-2 cm horizon. 
well known for their quick population eruptions (Boesch et al. 19761. 
Virnstein (1977, 1979) exaained the role of predation in structuring 
Chesapeake Bay bottom communities. 

living deeper in the sediment escaped and were abundant year around. 
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). 

These opportunistic species are 

i 

His conclusion was that summer predation 
by fish and crabs lowered populations of surface dwellers, while organisms __ 

In 

B. Biogenic Structure znd Bioturbation 

Information from our radiographs and dissections indicates that the 
sediments of the lower Chesapeake Bay are highly bioturbated. The prevalence 

of biogenic structures of living animals is highest in the top 2-3 CIX but 

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

Scund sediments using 234Th/238U ratios. 

! 

of biotutbated sediments have been found in other areas (Xoore and Scrutton 
1957, Rhoads 1967, Robbins et al. 1979, Howard and Frey 1973). The density 

structures are comnon to 15-20 cm and have been observed beyond 50 cm. 

be considerably slower deeper down. 
Cochran (1976) found uhen wasuring biological mising rates of Long Island 

1 

I 
i 

j 
4 This is precisely what Aller and 

Back-filled burrows occur below 5 cm down tu depths of 40 cm or more. 
I 

i waters. First, they represent an avenue €or rapid subduction of high water i 
These structures have several implications for thc geochemistry of pore 

content, hign 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 nay strongly influence the chemistry of pore water. 
The Seochernist must compensate for this type of heterogeneity by either 
taking larger samples or more replicates. 
core taken in the middle of a back-filled burrow would yield different 
results from one taken to either side of the burrow. 

For instance, a small diarneter I 

i 
1 

i 
I 
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An important trend evident in the radiographs, that has geochemical 
implications, is that muds tend to have a sore tube or burrow orientated 
comunity 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. 
wodd develop horizontal gradients as well as vertical gradients in 
sediaent chemistry while with mobile fauna only a vertical gradient would 
be present. 

t 

Aller (1978) hypothesizzd that a sedentary fauna 

?- 

Howard and Frey (1973), in studying nine Georgia estuaries, concluded 
that biogenic influences decreased with salinity and deep channel areas. 
Hany of the least bioturbated &reas were in deep c h m e l s  (Station 82 and 
86). 
benthic papulation. This study only examined the lower Bay (south of the 
Potomac River) but comparison with the concurrent study of biogenic 
structures In the upper Bay by Maryland Geological Survey (EPA contract 
R805464) shows a lowering of bioturbation levels in the lower salinities. 

differed by an order of magnitude. 
of biaturbatfon of a New Hampshire estuary concluded that the lower rate 
of biological nixing in the lower salinities was due E 5  lower numbers of 
the polychaete Nereis. 
based on Pb 210 analysis by Goldberg et al. (1978). They concluded thac 
mixing by invertebrates occurred in the top 5 cm in the upper Bay wh-ile 
it occurred to 30 cm or more in the lower Bay. 

Periodic summer anoxia prevents the establish-nt of a permanent 

This is not surprising since number of individuals and species collected - 
Winston and Anderson (1971) in a s t d y  

-- 
Depth of mixing may be differen: for the tw- areas 

Seasonal differences are not possible to differentiate in our x-rays. 
Ar sedimenration rates on the order of 0.5 to l c m  per year benthic 
populations mix sediments in terms of years, not Fiontbs. 
differences in bioturbation levels have been noted by Cadee (1979), 
EfFers (1977), and Driscoll (1975). 
late summer stimulate the benthos to their highest activity levels. 
Longer term differences jn bioturbation levels, substrate type and 
cornunity composition have been mentioned for Stations 80, 78, and 103. 

Seasonal 

The higher Gatez temperatures of 

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 infomation derived from conventiaal 
methods. 
conventional grain size analyses can be attributed to the destruction 
cf larger organic-mineral aggregates into smaller mineral components by 
the latter method and the Snct that convent~on sanalyses are based on 
weight of particles. The microsccpic method is sorewhat arbitrary and 
subject to unavoidable variability in technique. 
be more quantitative and to detecr differences cine feels must exist. 
criticism is also raised by other workers (Johnson 1974, Hughes 1979). 
Despite its shortcomings, the microscopic method ray more realistically 
characterize sediment structure and complesity as it exists in the field, 
than do standard grain size analyses. 

Plany of the differences between this microscopic study and 

It needs reEinement to 
This 

., 
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1 
A significant flnding in our study was the large numbers of feral 

pellets found in all sediments. Risk and Hoffat (1977) found that high 

sediment into fecal pellets and pseudofeces. 
grains into lzrger fecal pellets (pelletization) has profound effects on 
the geophysiczl properties of sedimects. 

populations of Ilircms balthica could incorporate up to 28 cc/n3/yr of 1 .  
i 
i 
i 

I The binding of fine mineraf 

Pelletization causes water 
content to increase a 6  coqzction to decrease, resulting in a more easily 
resuspended sediment (Rhoads & Yaung 1971, Driscoll 1975). This results 
not only in trmsport, but increased surface area for exchange between 
sediment aEd the water column, an important feature in nutrient and 
geochemical cyclhg (Rhoads 1973). 

! ! 
A second effect of pelletization is increased sedimentation. 

Suspension feeders r m v e  very fine particles which would not ordinarily 
settle out due to the hydrodynamic regime and bind them into larger, nore 
easily deposited fecal pellets (Haven and Pbrales-Alamo 1966, Risk and 
Moffat 1977)- Finally, pelletization m a y  stimulate bacterial growth 
(Hargrave 1976, Ses;ell 1965). This is important because the rnetahoiic 
process of bacterial detonposition of organic material governs most of 
the important geccheacal reactions in sedincnts (Berner 1976). Gordon 
et a1. (1978) found that oil levels in sedimen;s decreased by the increascd 
bacterial degradaticn stiimlated by the activities of the polychaete 
Arenicala. e 

Insignificant vertical differences in sediment composition have been 
attributed to honogenization thru bioturbation (Johnson 1977). Several of 
our stations reveal the lack of bioturbatian and so it seems impossible 
the lack ol' vertical sedimnt changes are due to this process. Forces 
which coagulate mineral grains and organic debris, as well as encrustaticn 
processes are d'+espread within the sediiflmt. Surface material incorporated 
at depth does nct change significant1y;st lcast within the sensitivity 
of our methods. 

D, The Reiationshig Between Pore Water Chemistry and Ykrobenthos 

Jdrgensen (1977), in a study of sulphate reduction in Liafjorden, fc~m5 
constant sulphate values in the pore water in the upper ten centineters of 
the sediment. This was attributed to the mcrofauna, which would p a p  
overlying waters into the sediments and thus decrease the concentration 
gradient existing 3et.cieen the water and pore water. Hc also discovered 3 
great deal of difference between replicate cores. This rrljr have been due to 
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f 
macrofauna density differences. 
profiles measured in cores were generally related to faunal depth 
distribution profiles. 
had decreasing sulphate profiles, while ir,creasinlg or erratic profiles 

of deep-dwelling f arma. 

In this sfELdy, tihe types of sulphate 

f - 'i a r e s  with f a m a  I x t e d  to the upper 5 cu generally 
i were observed in cores with larger popdtioos aid a greater proportion 

Fenchel (1969) attribute& heterogereiey of !& measurements to worn 

I \  

/ 

burrows. 
samples to integrate aP1 the heterogeneity caused by macrofauna burrow. 
Aller and Yingst (1978) detailed this heterogeneity in their chemical study 
of the burrow of the polychaete Amphitrite ornata, 
rich organic material that enhances bacterial decomposition. 
high rates of sulphate redrrcticm take place along the wter wall while 
aerobic conditions prevail d o n g  the irmzcr wall, setting up strong 
concentration gradients. 
as well as by the flushing out of dec-osicion products. 
evidence of these nicroersvirmments in our sqlcs. A thin black lining 
surrounds the light colored kilo of o-pjrgemted sediment of many tube and 

Coldhaber et ax. (1977) stated the necessity of taking large * 

I Burrows are lined with 
Extrmly 

\ 

Sulphate is continuowly supplied by irrigation 
We have seen 

/' 

!4 
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a VI. m C W I S f S  OF TaXC T&WSFOW BY HACROBENTHOS 

r 

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

Mobile deposit feeders mix a d  transport Farticles during their feeding 
and burrowing activities, 
physically transported in the stotvchs of f%k and crustaceans. 
wrkers (Rhoads 1963, 1967, Gordon 1966, W g m  1964) have measured rates 
of particle mixing of common marke invertebrates of the Atlantic and found 
their mixing rates to exceed ann-1 sedimentation rates several times. 
One animal in particular, Clyrnenolla torqzara, studied by both Flangum 
(1964) and Rhoads (1967) is particularly wortant because of its feeding 
style and depth of influence. 
builds a sand tube extending dorcn 15-20 cn. 
tube and defecates on the surface; henze the tlerm "conveyor belt species" 
(Rhoads 1974). This animal is qaite abundant in the lower Bay and it can 
resurface material 25-1QO years old depending on local sedimentation rates. 
Robbins et al. (1979) detailed the effects of a "conveyor belt species'' 
(an oligochaete found in the Great Lakes) by sprinkling radioactive 1 3 7 C ~  

the layer of 13TCs was buried unci1 it reached the feeding level where it. 
was resurfaced again, 
continuing process of burial and resurfacing. 

Sheldoa and Siaarr2n (1966) note that sand may be 
Several 

/ 

CX?xx?nella is a naldanid polychaete which 
it feeds at the bottom of its 

on the surface sedircents in an aquarim filled with oligochaetes. Initially 
-. 

Some esca~ed feeding, but overall the effect was 

Animals nay also indirectly alter the probability,of particle movement. 
Large tube.dcselling polychaetes ccPernd sedi~2nks, exposing then to higher 
current velocities (Newman et al. 1970). Tu'32s of benthic animals have been 
known to bind and stabilize bottuia sedinents (Fager 1964, Mills 1967, i 
Featherstone and Risk 1977)- Tubes can trap fine materials, increasi2g 1 the sedimentation rate (Lynch a d  Earrisun 1971). 

8 

Mobile deposit feeding bivalves, by pelletizing the surface sediments, 
produce a porous surface allowing far grearer water content (Rhoads and 
Young 1971). This decreases crlltical threshold velocity €or resuspension 
and increases the opportunity far sedrr=enZ-xater exchange so important in 
nutrj ent cycling (Rhoads 1973). 

Pellet production affects grnix size distribution and settling 
velocities. Pelletization incresses sedinentation rates (Risk and Floffat 
1977, Verwey 1952) and in some cases biode2osits exceed other sedimentary 

materials Eron the water c o l w  and process chern intc larger fecal pellets. 
McCall (1979) measured settling relocities of fecal pellets and their 

i- 
u pathways (Prokopovich 1969). Poplatxms of suspension feeders trap fine 



Peller: production indirectly affects the chemist- of kterstial * 

waters. 
growth (Sa-ell 1965). 
bacreri2l activity (Briggs et al, 1979, Tunnicliffe X5sk 1977). Since 

(&mer 19?6), this enhancement by macrofauna on bzcrerh hidirectly 
influences the chemistry of pore waters. TWO studies fmsd thzt 
the activities of deposit feeding polychaetes increased bacterkd 
degra5aticm by stimulating microbial metabolism (Gorlcn er al. 1978, 
Gardner et al- 1979). 

Fecal pellets provide an excellent substrate for enkanced bacterial 
Other studies have linked raacrrafawa zstivity and 

b bacterid -&taboxism is the coiltrolling action for c k d c a l  species 
9 

Benthic animals significantly affect pore water grofiLes by irrigation 
of their dwelling structure. Shoads et al, (1975) fomd Lrrigatiorm rztes 
were at order of magnitude greater than particle reworking r2tes. 
(1977) vld Coldhaber et al. (1975) both note thrtt loacroFa- irriga:ation ma 
be retqansible for the homogeneous distribution of s u l p b c ~  Ln the upper 10 
cm, bxigati-on increases oxygen penetration (Jdrgensen 1977. aoads et al. 
1978)- Increasing oxygen has the effect of lowering pH, increasing 
decreashg phosphorus and ammonia (Khalid et al. 1975). 

38rgensen 
f 

and 

\ 

Stdies documenting the effects animals trave an chessisal profiles are 
increzsing. Bowen et al. (1976) and Livingston and (997% cite 
bioturbztion as controlling transuranium nuclide distxiheicm. 
rediscri5ation of 137Cs at a 2500 m radioactive dispasd. site by mcrofauna 
is reported (Dayal et al. 1979). 
C O R S ~ ~ U C C  bioturbation mixing models (Goldberg and KoCe 1962, brger 
and RG5K.h 1968, Guinasso and Schinck 1975, Aller and Fugst 9978, -?&ler 
198t?, Ertson 1980) necessary for a complete model of transpwrr sf toxics 
within and ouc of the sediments. 

Even 

These activities have le& scientists to 

\ 



* 

/ 

mX. $MAGEEXlT C0ES;SmEUTTIOX XiTI FEXZtE RESEPiGH NEEDED 
)r , 

* Tne crux of this report z5 managers is that macrofaunal animals are 
a b u d m t  in the lower Ghesapea-k Bay sediments and play a major role in the 
zm~ctent of sedinenr, which ~II turn influences the disixibution and fate of 
toxic mterials. The magnitude of animal activities may chazge from mud to 
sllnd aad from oligobaline to poighaline habitats. 
difkrent cornunities of animals (sedentary vs. mobile, shallow infauna vs. 
deep Znnfauna). 
tben essential to factor in the effects of tne dynainic macrofauna. 

Effects also differ for 

In considering the sediment fluxes in the lower Bay it is 

Anir~ls mixing sediments and altering sediment moveaents have several 
&plications to managemnt decisions. 
ustertaly llnduce the development of benthic comxnities which differ from 
those inhabiting undisturbed boitow. According to Knoads et id. (1978) 
quick colonizing surface dwellers are favored under disturbed conditions. 
Deeper dwelling species are usually not colonizers and may require years 
to reestablish populztians. 
decreases the depth of bioturbated sediments and may mean the loss of 
nutrieats for recyclicg. :%le (1975) indicatea the benthos to be the 
a s t  -oftant source of nlltrient regeneration to Narragansett Bay, 
corstri5i;ting to the Bay's high productivity. 
iepeods oa the high productivity of our Bay and any activity that would 
cansc a chznge in regensratioa of nutrients should be carer'ully evaluated. 

Pdlution or other disturbances 

The loss of deep living benthic animals 

Our large seafood industry 

hother consideratian is t'nst any model predicting the movement of 

Models without such a coefficient m a y  

* 
toxZc mterial within the sedineot or between sediment and water must have 
a biological mixing coefficienr, 
erroxously predict pernanent burial of a harmful toxin within a short tine. 
Day21 et al. (1979) fozlnd 137Cs redistributed primarily by bioturbation at a 
2800 ES nuclear waste disposal ate. 
a~xizzals, unlike man, do not allow thPngs to be buried ana forgotten. 

2ianagers should realize that benthic 

Benthic aninals ruy affect dredge naterial movements. 
predict, based on hydrudpanic regioe and conventional grain size distri- 
bution malysis, where dredged zlaterial may eventually settle. 
catel:;, spoil sedixnts passizg ever an oyster reef night be deposited as 
larger fecal pellets whic5 xouid accmulate instead o€ being transported. 
If ihis was polluted drePged inarcrial. an oyster reef could be contaminated. 

Engineers may 
- 

bnfortu- 

Xacrobenthic orgmi-cms are mportant in understanding the distribution 
and fate of toxins, and in foraing hypotheses on the possible effects and 
transforsation of tosicancs. 
szixhng rates €or the incorporation of animal effects into imdels predicting 
the x ~ - n t  of toxic substances. 

. r  
3 

'H'orlc is now needed to establish biological 

These rates should be measured using 
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Appendix h Species List (continued) 

f 

Phylum Annelida (continued) 
Family Sereidae , 

Nereis succinea (Frey and Leuckort, 1847) 
id Websterinereis tridentata (Is‘ebster, 1850) 
f Family Capitellidae 

Capitellidae sp. k 
Capitellidae sp. B 
Heteronastus filiformis (Claparede, 1854) 
Xediomastus ambise,ta fiartman, 1947 

-. 

?lotomstus sp. 
Family VAldcnidae sp. 

Xsychis elongata (Verrill, 1873) 
Praxillela gracilis (Sars, 1861) 
Clynenella torquata (Leidy, 1855) 
Cl,menella zonalis (Verrill, 1874) 

Travisia carnea (Verrill, 1873) 

Snio filicorqis (0. F. Muller, 1766) 
Spio serosa (Verrill, 1873) 
Scolecolepides viridis (Verrill, 1873) 
PrionosDio cirrifera Wire‘n, 1863 i 

Prionospio pygnaea iiartmnn, 1961 
Prionospio cirrobranchiata Day, 1961 
Para2rionosnio pinmta (Ehlers, 1901) 
Polydora lixni h‘ebster, 1879 
PcLydora socialis (Sshmarda, 1861) 
S t r eb lo su io bmed i c t i !;e bs t e r 13 79 
Spiophanes bombyx (Claparede, l87Cj 
Spiophanes wigelyi Pettibone, 1962 

Ariciden fragilis &Intosh, 1885 
Aricidiia vassi Pettibone, 1965 
Xricidea catherinae Lau’uier, 1967 
Aricidea suecica Eliason, 1920 

Chac top terus variopedn tiis (Renier , I E;Oi 1 
Spiochactopterus oculdtus (Ci tay, 1969) 

S.ibc ! iar ia vulgLir 1s Verr iii, 18 i 3 

Onriphis errxita Audouin and Yilne-E5wards. 1833 
Dft>->ztra cnnrea (?,osc, 1802) --- Xarn%.vs;i _____ sansuinca (Xontngc, 1315) 

__I- 

Fanily Ophelidae 

Fanily Spionidae - -- 
- 

Family Paraonidae 

--- 
-- 

Faxi 1y Ciia e top t e r ida e 
-- 

Faixily Sabellaridae 

Fan i 1 I.‘ On u p  11 i d a  

-__ -__- _L_ 
F3 ni 1 -I Eun i c idae 

c Fxmily Xrabeliidae 
w Y (?!~IIt~”,ir, L8oi) 

n .. :rrbstcr, 1879 
.I .;t.br;ter .inJ I;r‘netlicL. is57 

__I___ __-_I 
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Station 27 9-78 

- 
Taxon 0-5 5-19 10-15 15-23 10-25 25-30 

,/ 
?Iollusca 

Retuss canaliculata 6 

Crustacea 
Ampelisca abdira 2 1" 
Listriella clymenellae 1 1 

Anc is t ross 11 is hart m a m e  L 
Glyrncnel la torquat a 2 
GLyctra dibranchiata 1 1 
Glycinde solitaria 1 

\ Paraprionospio pinnata 5 
Pssudoeurythae arbigua 1 4 6 
Spiophanes sp. 1 
Spionidae I. 

Thoranks sp. 1 

Polychaeta 

Phoronida 

-b contadnation from surface 

<* 

c 
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-c" 

? fl 
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Staeion 83 6-79 _- 
.P 

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

Nemertea 
Cerebratulus lacteus (a) 1 

Hacoma balthica (b) 2 2 - M. mitchelli (C) 1 2 

9 
Pro llusta 

Mulinia lateralis (d 1 24 1 
arenaria (e) 

Crustacea 
hpelisca abdita (f) 12 
teptocheirus plumulosus (g) 1 

Eteone heteropoda (h) 2 
Glycinde solitaria (2) 2 3  3 
Heteromastus filiformis (j) 1 1 
~ _ _ _  Loimia medusa (k) 1 I 
Hediomastus anbiseta (1) 23 
Nereis succinea (m) 2 1  1 1 1 
Paraprionospio pinnata (n) 1 9 13 2 
Pectinaria gouldii (0) 33 
Polydora ligni 2 
Pseudeurythoe ambigua (p) 1 
Streblospio @ncdicti (4) 120 7 1 

. _  

Polychaeta 

= _  - 
u 

- Y  

&, 
.- . 

Ca 
. 42 

- 
- - - - -uy-lcLii*Biluuc c 

,- 
' &- 

.* 1 /- / % ,  

f c 

'. . 4 

* -  - a .  

., -.: . I  
. L/-, - , -. -; _. 

. A  - . /. 





& 
x Station 85 6-79 . 

iJ’ 

Taxon 0-2 2-5 5-10 10-15 15-20 20-30 30-40 40-50 

Neiue r t ea 
Amphiporus bioculatus (a) 1 

Ifulinia lateralis (b) 69 I* 
Retusa canaliculata (c) 9 

ilmpelisca abdita (d) 22 
Crangon septempinosa (e) 1 

I 
,, 

Ebllusca 

Crustacea 

Polychaeta 
Eteone heteromda ( f) 26 3 
Glvcera americana (g) 1 - 
Glycinde solitaria (h) 2 
Paraprionospio pinnata (i) 1 1  
Pectinaria zouldii (j 1 45 2 

scoloplos fragilis (m> 1 3  3 
Sigacbra tentaculata (n) 4 

- Strsblospio benedicti (0) 11 1 1 

(k) I* Polydora ligni 
Pseudeurytim mbigua (1) 1 1  _- 

2 2  (P) Oligochaeta sp. 

Jx contandnation from surface 

_ _  

d 
!! 

(bc 

6 G 

.z 
44 

_ -  l L _  
I ~ ~ .-%I- .I ---L--- - ~ ‘Le --*-A il 

/- ’ - . - .  - _,- / 

0 
I - -- .-_ 
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Station 86 6-79 
Tr 

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

(a) 8 2  Flu1 in ia la teralis 

Crus tscea 
_-,- Leucon americanus (E) 2 

-- Eteone heteropoda (C) 10 
Peccinaria gouldii (d) 3 1  
Strebfospio benedicti (e) 22 2 

_ -  - _- 
Polychneta 

- '- 

4 

* 

0 

e 45 

-."-"--"- -. ti;,& -*. . - ~ " _ - -  ~ 

.;<. 
. ?i: . /  -* 

7 
/ " /- 
/ 



Platyhelztinthes 
Turbellaria sp. (a) 2 

Wllusca 
Acteon punctostriatus 
Ensis directus 
Lyonsia hyalina 
_I_-- 

Mya arennria 
Mulinia lateralis 
Odostomia sp. 
Retusa canaliculata 

1 
6 1  
18 G 
4 

1107 44 
11 1 
7 1  

Crustacea 
Ampelisca abdita (h) 1 
iezcan amcricanus (i) 4 

lolychaeta 
Rsabellides oculata 3 
Cabira incerta 
Eteone heteropoda 
Glycera americana (d 1 
--L-__ Glvcinde solitaria (R) 7 1  
Lepidametria commensalis (0) 1 -- Loimia xedusa (PI 2 
?k'LfCfioLas tus aTbiseta (4) 50 
Nereis succinea (r) 1 

~~ 

Paraprionospio pinnata (s) 17 39 
Pectinaria gouldii (t) 638 39 
Polydora ligni 
Scvfopfos frarilis 
Sigarrbra tentaculam 
Strebiospio benedicti 

9 f 
12 1" ja 

3 I 
6 3 
'I" 



Polycbaera 
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''-; .* 

f - - Station 92 6-79 

Taxon 0-2 2-5 5-10 10-15 15-20 20-30 30-40 40-50 . -r&l ---..y--. 

Ffollusca 
I, --- Tellina agilis (a) 1 

- -  c Polychaeta 
Asychis elongata 02) 1 
Clvcinde solitaria (C) 2 1 
GyptiS brevipalpa (d) 1 
Heteromastos filifornis (e) 1 
Elediocastus aszbiseta (f) 13 8 - Paraprionospio pinnata (g) 3 4  4 1 l* 

Pseudeurythoe ambigua (j) 2 

, 

/' / Pectinaria gouldii (h) 1 1  

/ :. Sigambra tentacuiata (j) 1 1  1 
Streblospio benedicti (k) 11 7 

I 

* contamination from surface J 

1 .  

* *  

P --< 
~ -.-. 

-c 

%&.$ =4- 

- ... 
// 

i 54 
c 

h=---- ,- --̂ ___ --I"I- .- _ , - < - _ - ^ Y I . ~ p I y I y -  

, -..=?A- ? /' - -  
' .  . ** - ,/. 

/' 



.--- Platyhelminthes 
I* 

Turbellaria sp. (a) 3 









Poly chae t a 
Asabellides oculata (SI 9 
Clynenella torquata (t) 14 1 
Eteone heteropoda 7 
Glycera anericana (v) 28 1 
GlYcerz dibranchiata (W) 4 
Gypt is b revipalpa (XI 1 
Rarmthoe erttnua ta (Y) 1 
Nageiona rosea (2 1 1 1 
Xed ioxas t us anb i s e t a (ad 87 17 

7 2 Yep'nsys incisa (bb) 
;;ereis succ5nta (iC> 2 
Owenia fusiformis (dd) 1 
Parsprionosnio pinnata (eel 3 

(ff) 79 3 
( m j  11 1 

Prianospio py?r?ae (hh) 8 2 

- 

B 
Pectfaaria gsuldii 
Polydorrt fizni 0 

b 

T 59 
/ 

-&-.,..-*- ."'_ _.LIIII-Iw14yill_*- ----.--* .---- -- - LL 
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Station 96 6-79 (conrinued) 

Taxon 0-2 2-a 
,/' 

. .  

I 
Polychaeta (continued) 

Pseudeuqthoe ambigua fii) f 2 
Sabellaria vulgaris (jj) 2 

(kK) - 
(11) 131 15 

Tharyx sp. (nn) 5 1 

& 

1 Spio setosa 
Spiophanes bombyx 
Streblospio benedicti (m) 250 14 

- 
I 1 01 igochaetes 

(a) Eusycon Carica found in dissection core 

(f) 
(u) 

Nitrella lunata found in dissection core 
Diopatrs cuprea found in dissection core 

*\ 

- 
~ r 

. '  

*- 
-- -2 . 
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P 

3 60 

I_il--.. 
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,. I 1 
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6-79 Station 99 &- 

Taxon 0-5 5-10 10-15 15-20 20-30 30-39 

Neqe r t ea 
Tubulmus pellucidus (a) 1 

Phoronis sp. (b) 3 

Ensis directus (C) 3 3  
b ,  Lyonsia hvalina (dl 1 . Nu: inin laternlis (e) 2 

Tellinn. agilis (SI 2 

-. habellides oculats (h) L 

As!.* c h is e 1 on sat 3 (i) I - Cfvctra americana 1 
Glycera sp. (j 1 1 -- GLvcinde solibaria (k) 1 
Pectinaria cculdii (1) 70 59 25" 8* 4n 
Pseudecqthoe azbigua (a) 2 2 
Si;azDra tcntaculatg (n) 1 
Streblospio benedicti (0) 12 
Tharys sp. (PI 3 

Oligochneta sp. (9) 9 

Pharonida 

Isl' >follusca 

Po 1 y c h ae ta - 
J-t 

- 

- :. 
4 

I 

cont.ii:in.ition from surf.icc 

9 

z-4 #B 

5 

* 6-5 - '.a 
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x- 
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\ r -  
8 i * 

. -- -* : A - . -. 
* .  

r ,'*r- - /. 
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Station 103 4-79 (contLnued) 
0 

Jr 

3, Polychaeta (continued) 
Ees ionidae 3" 1" 
Heterornastus filifomis (bb) I 2 
Xaldanidae sp. 31 4 2 
Eledioozstus ambiseta (cc) 52 7 6* 

- 4  . 

/ Nereis succinen (dd) 302 53 23 5 5 10 
Paraprionospio pinnata (ee) 3 6  7 3 

Podarke (a?) 1 1 

Polynoidae sp. (W 1 
Pseudeurprhoe arnbigua (ii) 1 11 71 44 50 1 2 
Sa'oella microphthalma (jj) 32 22 16" l* 1* 1* 

Scofecolepidis viridis (11) 3 
S i g d r a  sentaculsta (m) 1 
Strebiospio benedicti (nn) 1 
Spllidae sp. (00) I 
Syllidae sp. A 1 

(f f) 1* Pectinaria gouldif 

Polsdora ligni 342 56 S* 6* 

? 

1'5 Sabellsria vulgaris (kk) 10 4 S:* 

Ascidiaces / 
/ . (PPI P P" P" P" P" P* P* 3otryllus schiosseri 

Xoolzula ;nri?irat tens is (qq) 2 14 2" 1* 12; 

* contanination from surface 

, -  

,- 

** ' 
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3 f? 7 
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Station 105 
- b  

P 

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

Colenterata 
Ceriantheopsis anericanus 1 



Station 105 4-79 (continued) 

1 
Taxon 0-2 2-5 5-10 10-15 15-20 20-30 30-40 

\ 

*, Polychaeta (continued) 
Pec t in2 r ia soul d i i 
Phyllodoce arenae 

9 Polvdora lfgni 
PrionosDio cirrobranchiata 1 
PrionosDio sp. 
Sigazibra tentaculhta 
Spicchaetopterus oculatus 1 1 

1 Spionidae sp. 
1 Spioshnnes wiglevi 

Fes t c r ine re is trident a t a 

- a  
r' 

1 
1 7 

* 1' 

1' 
1 4 1 

Th2rr-x sp. 3 2  - I 
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* 
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Station: 26 9-78 

Area: Tangier Sound (98 ft) : 43 em - 
Sediment: mud (top 12 cm fluid mud than cohesive black nud to 40 cm 

than grey mud) 
F 

/ 

Visual Strt-tures: 

Physical: lcethane gas pocketing 

Biological: few amphipod tubes brown against biack background 
on surface than nothing until. 35-43 mat of old aqeliscid 
tubes a 

TrLor t an t Biogenic Agents : 

- 

- 
Ampelisca abdita - stabilizes sediment surface 
Nereis succinea - ventilates burrows 
Paraprionospio pinnata - mall burrows (e1 nrm. wide) 
Loimia medusa - large tube dweller (4 xnm wide) -- 

X-ray structures: no x-ray, sample destroyed by on-board handling 

ii 
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Station: 27 -- 
Pocomoke Sound (16 ft) Depth penetration: 30 cm 

medium-fine sand with increasing coarse sand & gravel with 
depth 

Sediment: 

Visual Structures : 

Physical: many mineral colors, surface mottled with mud c 
ciseper get streaks of clay, thin layer mud under stones. 

burrow (7 nm> 
Biological: few Clymenella tubes OR surface, 15-20 mud filled 

ImpeEiogenic Agents: 

- C, I__ :cr=? - "conveyor beltfs whick rnixes top 15-20 cm 
amrigua - deep random burrowing polychaete 

P. pinnatc - thin burrow in the top 5 cm -- - - 
X-ray structures-: 

Physical - between 13-16 cia. See traasition of medium and fine 
sand to coarse sand and gravel. This represents a storm 
erosion layer, few mud clasts in upper 1C cm, mud lining 
underneath stones 

V 



Station: 28 

1' Sedinent: fine-medium sand 

Visual SEmctures: 

Physical: 

Biological: 

few pebbles acd clay veins toward bottom 

on surface lots of Pectinaria tcbes, few Clymenella 
. tubes, 7 mm wide chaetopterid tube, glycerid polyckaete 

trace to 28 cm, 
extend all the way to the bottom of the core 

Clymenella tubes and a chaetopterid tube 

Important Biogenic Agents: 

Chaetopterus vzriopedatus - large tube dweller 
Paraprionospio pinnata - thin burrows 
Pseudeurythoe ambigua - deep burrowing polychaete 
Clpenella torquata - "conveyor belt" species 
Glycera dibranchiata - large burrow dweiling polychaete 

capable of ventilating its burrow ~ ." 

X-ray Structures: 

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

Biological: few Feetinar-ia tubas on top. SerreraP glpcerid. 

6. 
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Station: 29 

just west of Tmgier Island (33 ft) 
Depth penetratim: 21 em 

Sediment : fine-medium sand 

Visual S t ruc tures : 

Physical: streaks of darker sediment (mottled R.P D.) 

Biological: few Clpenella & ampeliscid tubes OR 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 Agates; 

Terebellidaa - large tube dweller 
Deep erranc 

Phoronid -,thin vertical sand tubes 

polychzstes - Pseudoeurythoe ambigua, Ancistrosyllis, 
Orbinids, M l m e r i s  

X-ray structures 

Physical: unifon bioturated sand 

Biological: very little - few phoronid tubes, mxtly a mobile 
fauns 

- i  I 
i 
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Physical: fluid surface 

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

Important Biogenic Agents: 

- Paraprionospio pinnata - small burrows 
C1ynenella torquata - "conveyor belt species" 

X-ray Structures : . 
Physical : none 

Biological: 

1 

I 

many in back-filled burrows of various sizes. 
Nereis burrow 0-4 cm, few vertical maldanid tubes, many 
small burrows of E. pinnata at 0-8 cm patch of small 
capitellid like iracits at 17-21 cm (probably Heteromastus 
filiformis). Some Mulinia shell hash on surface 



-- 

Station: 35 

- Area: toward Eastern Shore of Pappahannock River (39 ft) 
Depth penetration: 38 cm 

very fine sandy uud 

il " 

-- Sedbent: 

Visual Structures: 

Physical : none 

Biological: 0-5 cm E. pinnata mucoid tubes, ampeliscid tubes, 
many Pectinaria tubes, 1% Chaetopterid tube, many Clymenella 
tubes, couple of terebellid tubes, 5-10 cm continuation of 
Clymenella and terebellid tubes, ophiuroid in life position. 
10-15 crn piece of cerianthid tube, continuation of Clymenella 
tubes., 20-25 cm continuation of Clymenella and terebellid 

ellid traces. 30-38 cm nothing. 

Clymenella torquata - "conveyor belt species" 
X-ray Structures: 

Physical: 

Biological: 

slight trough cross bed sand in the upper 2 cm 

couple of Clyuenella tubes, many back-filled burrows 
of Glycerids, Terebellid and Cerianthid anemones. 2. pinnata 0 

traces in the top 8 cm. Few capitellid traces 
3 
t 
k 

i 

a 

-n 

120 

I 
i 

1 
... - 

-1' 









Station: 3 

Depth pen9tration: 17 cm 

Sedbnent: poorly sorted sand I 

Visual Structure: 

Physical: gravel on bottom, black mottling, lots of Flytilus edulis 
shells 

Biological: at 5-10 cm, a 2.4 cm dismeter burrow (Callianassa 
atlantica) at 10-15 cm ophiuroid arm, Callianasa atlantica, 
many reddish-brown burrows with cirratulid tentacles 
(Cirriforn grandis) 

Important Bicgenic Agents: 

rallianzssa atlantica - large burrov, process large amoqts of 
Mobile polychaetes - Glycera, _Pseudoeurythoe, Cirratulids, sediment 

Arabellids 
Micropholis atra - ventilates its burrow 

~ 

X-ray Structure: 

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

Biological: lots of small indistinguishing worms traces, general 
uniform sediment brought on by bieturbation of a mobile fauna 





Area : betueen York River and Mobjack Bay (46 ft) 
N p t h  Penetration: 24 cm 

- 
I 

Sediment: nuddy sand, poorly sorted 

gravel throughcut increasing with depth (15-20) along 
atches of compact orange and grey clays, strands hydroid 

throughout 

Pectinaria tubes, 10-15 cm capitellid worm traces 
Biological: 0-5 thin mucoid rubes (g. pinnata) , Sabelhria reefs, 

Important Bic-%enie Agents 

__I Nereis succinea - ventilates its burrow 
Clymenella torquata - t'conveyor belt" species 

X-ray Stxucrure: 







Depth Penetration: 13 cm 

Sediment: well sorted fine sand with lots of shell hash 

I .  

x 

Visual S t ~ u c  ture : 

Physical: surface rippled with wave height of 2 c 
length 1/2 width of box. lots of shells. 

Biological: Mulinia lateralis on surface, Glycerid polychaetes 
5-10 cm. 

Important Biogenic Agents: 

blulinia 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 

B i o m c a l :  one back-filled burrow 
--I__ 









. of€ Little Creek (28 ft) Depth penetration: 18 cm 

: r uctures : 

;ical - none 
mobile polychaetes 

t Biogenic Structures: 

&a medusa - large tube dwelling polychaete 
aprionospio pinnata - small burrows 
udoeurythoe ambigua - deep 
:ructures: 

.sical - - shell lag area 10-15 cm 
)logical: numerous E. pinnata burrows at 0-7 cm, lots of 

rowing polychaete 

giycerid traces, grey bioturbate texture from mobile fauna 



Station: 49 

Area: off Lynnhaven' (38 ft) Depth Penetration: 55 cm 

Sediment: 

Visual Structures: 

- 
lcuddy sand top 20 cm than sandy mud 20-55 cm 

r_ *I 

Physical - more clay 40-5G cm 
Biological - surface mucoid tubes of E. pinnata and brnpelisca, 

Yoldia at 0-5 cut. Yaldanit tubes to 20 cm, glycerid burrow 
25-30 cm, Mulinia shells below 20 cbi, lots of mud filled 
burrows 35-40 cm, capitellid burrows. more glycerid burrows 
to 50 cm 

Important Biogenic Agents: 

Yoldia limatula - deposit feedkg nollusc bioturbator 
Upogebia affinis - large deep burrowing decapod 
Maldanids - "conveyor belt" species 

X-ray Structures : 

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

Biological - lots shell hash to;, 8 CR lot of mottling of baclc- 
filled burrows in last 30 ai (probably Lsychis and Glycerids) 

1 
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south of Potomac Wver Mouth (6.0') 
Depth of Penetration: 30 cm 

Sediment: mud (black, fluid) 

. 



Biological - scattered ampeliscid tuba, h Pectinaria 
tubes 

Important Biogenic Structures : 

Ampdisca abdita - stabilizes sedi-t surface 
Pectinaria gouldii - "conveyor belt" species 
Heteromastus filiformig - "conveyor belt" species 9 

2 
I 

i 
i I 

X-ray Stmetures: 

Physical - laminated mud and s a d  layen3 
Bialogical - Pectinaria tubes, Izrga abndoned 

pierce laminae, capitellid traces 





Depth of Penetration: 30 cm 

Sediment: mud (black, fluid) 

Visual Structures: 

Physical: fluid mud 

Biologicel: none 

Important Biogenic Agents: 

Pectinaria gouldii - "conveyor belt" species 
X-ray Structures: 

Physical: methane gas holes, wavy layering top 2 cm and 
5-7 cm, mud layes at 10-11 cm and 15-17 cm 

Biological: few Ymlinia shells, general bioturbate texture at 
2-4 cm and 6-12 cm 
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Station: 93 6-79 

Area: of€ the mouth of ?lobjack Bay (43 ft) - 
Depth of Penetration: 50 cm 

Sediment: mud to sandy mud 

Visual Srructures: 

Physical: none 

Biological: small naldanid and ampeliscid tubes, dead hydroid 
fragments throughout, large Cerebratdus found just outside 
the box. lots of g. pinnata 

Important Biogenic Agents: 

Cerebratulus lacteus - bioturbator 
Pectinaria gouldii - "conveyor belt" species - P. pinnata - small burrowing polychaete 
Asyehis elongats - tube diielling polychaete 

X-ray Structure: frozen 

B '1 Physical: mud layer at 20 cm 

Biological: few back-filled burrows. Grey bioturbate texture 

t 
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Station: 97 

- Area: north of Cape Charles (110 Et) 
Depth of Penetration: 20 em 

Sedizlentr muddy fine sand 

Visual Structures : 

Physical: 

Bioiogical - lots Pectinaria on surface, s o x  Qycerid traces 
Important BLogenic Agents: 

Tellina agilis - burrowing bivalve, bioturbator 
Xereis suecinrct - medium burrow dwelling polychaete, ventilates 
Oligochaete - *'conveyor belt" species 
Sabellsria vulgaris .. builds "reefs" of sand 
Pectinaria gouldii - "conveyor belt" species 
Glycera americana - burrowing polychaete 

X-my Structure: 

Physical - top 4 cn darker (muddier), lots of shell hash 

Biological - lots of fectinaria, few a d  ~UKTDWS, nostly grey 
Dio turba te tex'Lure 
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Station: 99 6-79 

Hampton Roads (55 ft] Depth of Penetration: 39 cia 

Sediment: muddy fine sand 

Visual Structures: 

Physical: 

Biological: 

shell layer at 10 cn 

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

- Important Biogenic Agents: 
-/-. 

Ensis directus - burrowing bivalve, kiioturbator 
Pectinaria gouldii - "conveyor belt" species 
Clycera americana - large burrowin% yalpchaete, ventilates 

X-ray Structures: 

Physical: lot of shell hash 5-15 cis. Darker mud band at 
/--# 15-20 em, large rock on surface 

Biological: few Pectinaria on surface, three Asvchis burrom 
14-30 cm, back-filled burrows 15-35 cm 

/- 

- 
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Station: 103 4-79 

- Area : mouth of the York River (25 ft) 
k?:h of Penetration: 17 cn 

Sediment: Buddy fine sand, lots of oyster shells 

Visual Structures: 

* 

-- 

Wysical - oyster shell layer at 5-12 cut 
Biological - lors of Clymenella tubes 

Important Biogenic Agents: 

' Clyrnenella torquata - "conveyor belt" species % ventilates 
Paraprianospio pinnata - small burrowing polychaete 
Glycera sp. - large burrowing polychaete, ventilates 

X-ray Structures : 

Physical - slight mud layering on top 
Biologicaf - oyster shells 5-12 cm, with tubes 

P 
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Station: 105 4-79 

Area: Eastern Shore off Cape Charles City - 
Depth of PenetratioT: 40 cm 

rL 

Sedinent: muddy fine sand 

Visual Structures: 

Physical: none 

Biological: lots of Clymenella tubes, large Cerebratulus burroving 
leaving a smooth oval burroy. Glycerid type back-filled 
burrows and traces. Ophiuroid with comensal polynoid at 
7 CEI, tlerebellid tubes, large Yoldia limatula, Asychis tube. 

i i 
! 

i -  
i I I 
1 

Inportant Biogenic Agents: 

Yoldia liaatuta - deposit feeding bivalve 
Cerebratulus lacteus - bioturbator 
Ceriantheopsis E r i c a n u s  - large tube dwelling anemone 
Micropholis - venrilates 
- 
Clymenella torquata - "conveyor belt" species t 
Capitellidae - "conve; or belt" species 1 

! : 
Glycera sp. - large burrowing polychaete, ventilator ? 

Loimia me4usa - large tube. dwelling polychaete 
Oligochaetes - "conveyor belt" species 

i -- I 

X-ray Structures: 

Physical: none 

Biological: Clymenella tubes, large Pectharia, s m l l  worm traces, 
general grey bioturbate structure from nobile fauna 

Q 
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Appendix F 

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

0 

Hydrozoa 

Sertularia argentea - dead forms of this species break off 
duricg storms and are transported to certain areas where 
they are buried. 
in our radiographs (ex. Sta. 76;. 

They appear as black streaks and dots 

Anthozoa 

Ceriantheopsis americanus - a large tube dwelling anemone which 
The tube is made of tough cnidae and persists long 

may be up to 2 cut in diameter and may go beyond 60 cm in 
depth. 
after the animal dies allowing for surface material to fill 
in (ex. Sta. 84). 
its structure see Frey (1970). 

For more details cn this organism and 

Ncmer t ea 

, Cerebratulus lacteus - large predator (2 em in diameter and 120 
I. cm long) randomly burrowing as it searches for food. We 

have found specimens hanging from the bottom of 55 cm 
cores. 

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). 

-.. 
As it burrows it leaves a oval opening matching 

&I a- its body. Howard and Frey (1975) found that its foraging 

-- - 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 dimeter. May serve to stabilize the sediments 
at high densities (Ronan 1978). 

Eiollusca 

Busycon carica - large carnivorous gastropod (up to 20 cm) which 
pl-ows the top several centimeters of sediment leaving furrows 
behind it. Results of this action is the destruction of 
physical layering leaving a more homogeneous bioturbated 
texture. (See Station Drawing 40a). 

fv 
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Yaliusca (continued) 

Ensis directus - deep infaunal suspension feeding bivalve. It - c forms a slightly inclined burro=, tAi.cb =e have found as 
deep as 20 cm, but is known to 0cc11r as deep as 50 cm. 
(Allen 1.954). We have found it to have a halo of lighter 
colored (or-ygenated) sediaent aromd the burrow. It is 
an extremely fast burrower and probably contributes to 
the highly bioturbated sands that it is coaxinonly found 
in. (See Station Drawing 100~). 

Mulinia lateralis - shallow infaunal suspension feeding bivalve, 
We found size ranges c.5 mm to 20 m. It can occur in 
large densities (approximately 30,030 per z? at station 57). 
It is this bivalve which coctrFbutes QOST heavily to the 
shell hash over most of the bay. 73eir colonization and 
die off sequences can be seen as distinct shell layers in 
several of our cores (see radiogrzph of Sea. 82). 

lo lychae t a 
AsabellSdes oculata - a tentarulate cieposig feeding ampharetid 

polychaete which is unusual because it builds a tube 
horizonrally along the sediment surface. Trrbe has a 
thin membrane lining with coarse debris. (See Station 
Drawing 840). 

Asychis elongata - a deep deposit feeding naldarrid polychaete 
which produces a mud reinforced tube. Kixiike other 
members of the maldanid family, Asychis feeds on tile 
surface. 
long. It often becomes back-filler: when abandoned. 
(See Station Drawing 88v). 

Clymenella rorquata - a deep deposit feeding wldanid polychaete 
Because of its foraging habit of feeding at the bottom 

Its tube is usually 4-6 mz rw2de and up to 50 ern 

which builds a thin (2-3 mm) sand tube to depths of 15-20 
em. 
af its tube (20 cm) and defecating on the surface, Rhoads 
(1974) called tt a- "conveyor belt" species. T'nis species 
is very common in muddy sands and sand of the bay and is 
responsible for recycling old buried naterials. It also 
irrigates its tube often causing netals tc form insoluble 
oxides liround it. In soine of our radicrzrapiis faint white 
lines can be seen around its burrows due to these metal 
oxides. In our visual observation chi loadings appear as 
an orange rust appearance. (See Radiographs 89 and 103). 
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Polychaeta (continued ) 

Diopatra cuprea - tubiculous csrL-mre which decorates the top s 
third of its tube with bL.rs of shell, hydroids, pebbles 
and other coarse material, 
but may be locally abund- Criass 1972). (See Sta. 
drawing 96 and radiograp'a 35)- 

50s significant in our study 

Glycera dibranchiata and 5. azer:~-iza - inf na omivores which 
produce inclining vertical krrows of 4-6 mxi and up to 50 CCI 
in depth. These commonly --e backfilled. A halo of 
oxidized sediment s u r r o w h  these burrow. See Howard and 
Frey 1975 for more details z burrow rcorphology. 
Sta. drawing 85g). 

(See 

Heteromastus filiformis - sma'l k5au;ral subsurface deposit 
feeding capitellid polyc&z=, It builds small (<-5 ntm 
diameter 30 cm deep) multi>kxxched feeding burrows with a 
vertical defecation tube 5;3 ir is another "conveyor belt" 
species. more complete &scription of its sediment 
reworking can be found irz Gaze (1979). (See Station 
Drawing SOL). 

Loimia medusa - tentaculate dems.% feeding terebellid po€ychaere. 
-II_ 

It builds a mud reinforce& Z skaped tube. 
back-filled. 
topography. (See Stn. drzii-xg 87p). 

Tney are often 
It producz fc=Z aounds producing a niicro- 

Mediomastus arcbiseta - small k-d subsurface deposit feeding 
L i k  3eterornastus it is a "conveyor capitellid polychaete. 

belt" species but is coni- LO the top 5 cm. 
drawing 950). 

(See Sta. 

Nereis succinea - infaunal omL--. It builds a ccaplex burrow --- -___ 
(up to 6 mm in diameter) -c25 several openings to the 
surface as well as blind fe-g branches. 
to 15 cm in depth occasi-c=sLp ? a g e  adults to 50 cm. 
By ventilating its burrow 2 2roduces a halo of oxidized 

designated to the most L-+--zn: species in the 
bioturbation of a tJew liazzi~1-2 estuary (Winston and 
Anderson 1971). 

Fairly COEUIIOR 

- sediment in the anaerobic 27s. This organism was 

Paraprionospio pinnara - infal.zL surface deposit feeding spionid 
R. polychaete. It forms a ts,~t~~zary burrow of .5 m in 

diameter and down to 15 rn -3 ctepth although usually does 
not exceed 7 cn in depth. 
with a mostly vertical CCZZXCZZK. Tfiis is our most common 
small burrow. (See '&icticg=zz3 84). 

:=e burrow is very Eeandering 

e 
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Pect 
I_ 

inaria gouldii - shallow infaunal deposit feeding pclychaete 
It produces a - 

(size range 2-68 mm). 
of sand grains, resembling an ice cre 
=?til the tip of its cube is at the sediment-water 
interface, feeding at the bottom and defecating on the 
surface ("conveyor belt" species). 
biology and sediment reworking by this Etnimal has been 
done (Gordon 1966, Rhoads 1967, Wnitlatch 1974). 
were extreEely abwdant in almost all of our cores in the 
spring of 1979. (See Sta. drawing 810). 

11 constructed cube 
cone* buries 

A lot of work on che 

Juveniles 

Polvdora ligni - a small suspension feeding spionid polychaete 
which builds silty U-shaped tubes. Gaistoff (1964) reports * 1  its preserice in Delaware Bay was responsible €or the burial 
o€ oyster beds due to increase sedixentation rate caused by 
the suspension feeding biodeposition activities of this 
spionid polychaete. 

Pseudoeurvthoe ambigua - deep infaunal sub-surface deposit 
feeding polychaete. 
organism, a random burrower. It is one of the few organisms 
which occurs below 10 cm in muddy sediments without a direct 
consection to the surface. 
would be an interesting study. 

No burrow associated with this 

Its' respiratory physioicgy 

Sabellarfa vulgaris - suspension feeding polychaete which bui1d:a 
very hard sand tube often interwining with other Sabellaria 
vulgaris rubes to f o m  "mini reefs". 
which could not survive the soft bottom are associated with 
the Sabellaria structures (hydroids, Anadara, Molgula . 
caprellids, etc.1. 

Assorted epifaum 

Scoloplos sp. - a sub-surface deposit feeding orbinid which has no 
Its' random burrowing pemancnt structures associated to it. 

in search for foad produces the honogeneous bioturbate texture 
seen in m y  of our muddy sand and sand cores. 

builds long, thin, straight tubes of clear chitin. Only 
abandoned tubes transported from other areas (Zostera beds) 
were found. 

Spiocnaetopterus occulatus - a suspension feeding polychaete which 

Spiophanes bornb:-x - tentaculate surface deposit feeding po1:rchaete 
whic5 builds a loosely constructed sand tube approximately & 
cm long and 2-3 m-wide. (See Sta. Drawing 90aa) 



Polychaeta (continued) 
G 

Streblospio benedicti - small surface deposit feeding spionid 
from the surface. Frey (1970) tells how these organisms 
may be used as current vanes. 

Y which produces flimsy ~ U C O U S  tubes which project a few m. 

(See Sta. drawing E6e). 
$ 

Oligochaeta 

Oligochaete sp. - small subsurzace deposit feeding annelid. 
Another ‘‘conveyor belt” species. . 

&peLisca abd,ita - tube dwelling surface deposit feeder. It has 
been found to form tense tube mats (?. 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). 

%capo da 

Callianassa atiantica - a deposit feedfng shrimp. It builds large 
(2 cm diameter) burrows with complex branchg and several 
openings to the surface. 
Frey (1975) describe the burrows in greater detail. (See 
Sta. drawing 98). 

Both Shinn (1968) and Hmard & 

. .  - - .  

Echinodemta 

Hicropholis 9 - a deposit feeding ophiuroid found 5-12 CM deep. 
Usuaily 2 to 3 a m  extend down anchoring the animal while 
the remaining a m  reach the surface for feeding. A cavity 
sirrounds the animal vliich it ventilates causing a halo of 
oxygenated sediments around it. (See Sta. drawing 105). 

Moyers - lhvone briareus - large deposit feeding holothurians. 
(1477) discusses the effect on sediment properties produced 
by the bioturbation of a deposit feeding sc’1 cucumber. 
(See Sta. drawing 94). 


