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ABSTRACT 

During October and November 1955 a bottom faunal study was undertaken at 19 lo- 
calities in Buzzards Bay, Massachusetts. The number of animals ranged from 1,064 to 
12,576/m2 with a mean number of 4,430. In comparison with certain other areas these 
numbers appeared small and seemed to be due to the relatively low concentrations of 
chemical nutrients and modest primary production of the region. Two faunal assemblages 
were recognized: one, present in the muddy sediments and dominated by the’lamellibranch 
Nucula proxima and the polychaete Nephthys incisa was essentially the same communit) 
described from Long Island Sound; the other, restricted to the sandier sediments and 
characterized by species of the amphipod genus AAmpeZi.sca. The two primary feeding 
types, the filter-feeders and the deposit-feeders, numerically dominated in the sand and 
mud sediments, respectively. The distribution of certain dominant deposit-feeders in 
Long Island Sound and Buzzards Bay was poorly correlated with the silt-clay fraction of 
t,he sediment. However, when clay alone was used, a much better agreement was obtained. 
It was suggested that clay is probably the most valid criterion for the distribution of de- 
posit-feeders. The distribution of infaunal filter-feeders seemed related to the degree of 
sorting and the median grain size of the sediment, with largest populations present in well- 
sorted fine sand. The hydrodynamic implications of this distribution are discussed. 

INTRODUCTION 

A quantitative benthic survey was under- 
taken in Buzzards Bay, Massachusetts, 
during October and November of 1955. 
Four survey stations (Fig. 1: H, J, P, and 
R,) were selected as being representative of 
different widespread sediment and faunal 
assemblages. They were subjected to in- 
tensive monthly sampling over a twelve- 
month period (February 1956-February 
1957) with the purposes of measuring some 
of the dynamic properties of benthic com- 
munities such as growth, mortality, and 
organic turnover of the more important 
species components; of obtaining additional 
data on animal-sediment relationships; and 
of defining the niches of the numerically 

l Contribution No. 940 from the Woods Hole 
Oceanographic Inst,itution. This research was 
supported by National Science Foundation Gra,nt 
G-2101. 

abundant species. This paper is concerned 
with animal-sediment relationships. 

Buzzards Bay is a somewhat elongate 
body of water approximately 46 kilometers 
in length and about 19.5 kilometers wide at 
its greatest diameter. It opens to the sea 
at the south, and along part of the eastern 
boundary there is appreciable water ex- 
change with Vineyard Sound through the 
channels that separate the Elizabeth Islands. 
There is also some water exchange with 
Cape Cod Bay by means of the Cape Cod 
Canal (not shown in Fig. 1). 

The Bay, as a whole, is relatively shallow, 
averaging only 11 meters in depth. Bottom 
temperatures vary from a maximum of 
approximately 22°C in summer to about 
2°C in winter, while salinity values range 
from 29.5 to 32.5$&. 

The locations and depths of the nineteen 
stations included in this study are shown in 
Figure 1. 
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246 HOWARD L. SANDERS 

li’rc;. 1. pvl:~p of Buemrds Bay showing the locations and depths of the stations represented in Ihe 
survey. 

METHODS 

Samples were obtained with a lqorster 
anchor dredge that was modified by welding 
the entire frame into a single unit. The 
apparatus was calibrated to dig to the depth 
of 7.6 cm, and a small-meshed burlap bag 
attached to the frame retained the scdi- 
ment. A small portion of the sediment 
was saved for sediment analysis, and the 
volume of the remainder was measured 
before washing the contents through a sicvc 
of 0.5 mm aperture. The animals retained 
on the screen were carefully picked out alive 
in the laboratory and preserved in formalin. 

A graded series of sieves was used to 
divide the sands and gravels into seven 
size categories. The five silt fractions and 
the clays were determined by pipetting 
(Soil Survey Staff 1951). The silt com- 
ponents consisted predominantly of feldspar 

and some quartz, and the absence of clay 
particle aggregates indicated that the dis- 
persing agent, sodium hcxamctaphosphatc, 
was effective. The clay fraction, analyzed 
by Dr. Ivan Milne of the Gulf Research 
Development Company, consisted prc- 
dorninantly of illite and chlorite. Mont- 
morillonite, kaolonite, feldspar, and quartz 
were also detected. The results of the 
mechanical analyses arc given in Table 1. 
Silt-clay percentages, median grain sizes, 
and sorting coefficients are given in Table 
2. The sorting value was obtained by 
dividing the variation between the 20 and 
80 percentiles by two. 

FAUNAL ANALYSklS 

The numbers present at each station are 
given in Table 2. The mean number of 
organisms at all the stations is 4,430/m2, 
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l’num 1. The pccrticle sixe analysis 6:~ per cent weight 01 the 10 stutions 
included in the Buzzards IIay surveys 

_ _~ --~~ _pp.--p- -.-- ~~~~ -- 

Gravel Sand Silt 
__~..~~_ ._-. -- __ ~__- 

Station (;p $.;- q.;- ‘;.;- t;;;- Ipg- y;“2- 
Clay 

(61-31 P) (30-16~) (15-8 /J) (7-4~) (3-2 p) b2~) 
(mm) mm) m A) mm) ’ mm) Am) ’ mm) 

0.99 
5.82 
3 . 00 
4 .02 
2.20 

20.35 
3 . 00 
1.05 
0.93 
8.69 

22.23 
13.52 
17.67 
0.53 

14 * 26 
1.58 

13.05 
16.87 
G.47 

53.74 20.48 
23.14 44.20 
31.30 48.32 
14.52 43.40 
35.06 40.30 

0.30 1.43 
13.66 34.10 
26.70 46.05 
19.92 30.16 
3.47 7.30 
- 0.10 

0.12 0.27 
0.04 0.23 
9.18 40.48 
1.20 2.24 
0.32 12.50 
0.45 0.68 
0.28 0.84 
4.27 12.57 

2.58 0.74 
17.‘16 3.76 
8.85 0.35 

33.70 2.06 
7.62 0.28 
2.62 4.37 

32.06 2.13 
13.40 2.33 
21.85 4.48 

7.11 ‘15.65 
0.21 1.78 
1.67 4.21 
0.93 5.45 

42.18 2.30 
3.37 15.99 

78.05 4.04 
5.96 20.87 
1.3G 5.27 

10.43 10.04 

+--- -_--- 2.04 4.76 14.63 
0.20 0.46 4.98 
1.41 1.62 5.46 
0.14 0.20 1.86 

- 0.27 5.16 
- -_ 0.06 
- 0.07 1.73 
- 0.21 3.49 

3.34 3.58 8.99 
- 0.06 0.43 
- - - 
- - 0.05 
- - - 
- 0.06 1 .24 

1.09 1.16 1.25 
- 0.06 0.04 
- - 0.06 
- 0 .20 0.12 

1.24 0.19 1.23 

-+ 

I;.66 18.38 
1.05 3.18 
0.92 0.78 
2.09 0.83 

14.35 11.53 
10.75 lG.93 
23.50 14.13 
11.96 18.63 
0.89 0.18 

16.45 15.17 
0.70 0.54 

13.62 14.53 
17.23 20.00 
0.87 11.72 

12.57 
2.47 
1.86 
1 .07 

10.33 
22.23 
13.73 
16.51 

- 
10.79 
1 .20 

12.72 
7.19 
8.51 

-> 
10.55 
4.1!) 
2 .42 
2.20 

14.28 
17.47 
10.10 
18.70 
2.21 

12.57 
0.38 

11.40 
18.18 
Il.50 

9.85 
1.12 
0.07 
0.42 
6.41 
8.00 

10.05 
0.52 
0.71 
4.20 
0.52 
6.G2 

12.22 
2.00 

TABLE 2. The values oj cerlain geological and ecological Sacl0r-s measured in Iha s16we2/ 

dcdi- 
un 

:rain 
size 

mm) 

.- 
I Epifauna Filter-feeding infauna 

- 

Jo./m2 

_- 

P 

-- 

Jo./m2 ?Zl 

0.68 1029 745 15.73 
0.45 2259 115 5.09 
0.44 3305 450 13.62 
0.31 3283 191 5.82 
0.26 5859 125 2.13 
0.18 257G 5290 12.06 
0.37 2619 179 6.83 
0.38 4379 437 9.98 
0.37 5519 179 3.24 
0.26 3061 33 0.11 

33.27 124 42.03 233 26.35 0 
45.71 837 85.41 227 10.59 213 
64.48 1765 95.87 363 12.71 0 
76.138 2007 84.65 321 10.38 136 
81.00 3945 84.22 687 IL.97 30 
62.91 3114 60.06 3084 34.72 941 
72.17 1452 82.45 258 13.57 189 
65.32 2186 84.79 426 10.81 315 
GO.43 2855 88.49 1539 28.82 448 
49.44 739 49.37 1423 46.99 1004 

-- 

4489 

295 
980 

1841 
2371 
4G48 
5185 
1761 
2575 
3227 
1497 

-- 

24380 

--- 

=64.87 

0.04 4319 267 (I.18 1362 33.61 
0.03 5455 447 8.19 2072 41.29 
0.023 3211 57 1.78 620 19.31 
0.023 4462 0 0.00 405 9.08 
0.013 6068 126 2.08 125 2.10 
0.010 5934 146 2.46 104 1.80 
0.010 1187 0 0.00 41 3.45 
0.012 7982 182 2.30 377 4.87 
0.015 1064 18 1.09 215 20.55 

-- --- 

9628 5321 

-- 

=13.81 

-- 

Sta- 
tion 

Sill,- 
clay 
per- 
:ent- 
we 

-- - 

Clay 
per- 
ent- 
age 

C 

0.99 
1.79 
3.00 
3.81 
4.40 
5.00 
6.32 
6.68 
6.90 
3.29 4.19 

3.64 11.59 
9.42 12.35 
3.00 11.40 
7.14 12.52 
1.19 18.18 
3.95 18.70 
5.47 19.45 
6.23 19.10 
3.36 17.45 

Deposit-feeding infauna 
iort- 

ing 
oefli- 
ient 
(mm) 

0.67 
0.48 
0.50 
0.31 
0.30 
0.10 
0.45 
0.70 
0.45 
0.34 

0.26 
0.089 
0.080 
0.079 
0.038 
0.029 
0.029 
0.042 
0.020 

- 

1 
r 
$0. domi 
Klnt spp. 

/m2* 

Edi; 
filter- 

feeders 

Jo./mz 

I 

- . 

o/o of 
total 

Jo. domi 
lant spp. 

/m2** 

I9024 =78.03 8561 ji =22.79 3318 

% of 
tolal 

leposit- 
feeders 

-- 

0.00 
93.84 

0.00 
42.37 

4.37 
30.51 
73.26 
73.94 
29.10 
73.37 
--- 

1=38.73 

85.58 
80.11 
81.76 
96.56 
81.61 
91.85 
70.26 
86.25 
90.70 
-- 

‘86.35 

1002 73.51 
1238 59.75 

55 8.87 
0 0.00 
0 0.00 

62 59.62 
8 19.51 

IO!) 28.91 
100 49.30 

--- --_ 

2580 =48.49 

1845 45.53 1578 
2830 56.52 2272 
2391 74.46 1955 
3892 87.23 3758 
5545 93.32 4527 
5632 97.30 5173 
104!) 88.37 737 
7089 91.52 Gll4 

742 70.94 G73 
-- 

26787 

-- 

ii=78.3f 
--- 

--- 

26787 

A 
E 
c 
I_, 
N 
I? 
B 
I 
I-I 
G 

s 
J 

Q 
0 
R 
M 
v 
I, 
K 

* Ampelisca spinipes, A. macroccphala, Bvblis serrata, Cerasloderma pinnulaluttt. 
** Tell&a tenera, Nephlhys incisa, Nucula prox-ima, Turbonilla sp,, Relusa caniculala, C&hna ovz,Ja, Ncvinides ~1,. 
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with a range of from 1,064 at Station K 
to 12,516 at Station I’. 

Buzzards Bay has numerically smaller 
benthic populations than some other arcas. 
This is shown in the following table. ---- - _ ..--- -_ 

Location 

nuxzards Bay (present 19 1,064-12,576 4,430 0.5 
study) 

Loch Cruiglin, Scotland 5 5,409-19,065 14,275 1.0 
(kymont 1949) 

English Channel (Mare 2,356 1.0 
1942) 

Long Island Sound 8 5,566-46,404 16,446 1.0 
(Sanders 1956) 

‘I’hc Buzzards Bay-Woods 1101~ environ- 
mcnt ca,n be compared with Long Island 
Sound (Riley 1955, Sanders 1956) in regard 
to at least a limited number of factors. 
Chlorophyll readings (Yentsch, unpublished) 
and phosphorus conccntrstions (Crowin, 
unpublished) have been collected from the 
dock of the Woods TIolc Oceanographic 

Institution. From the nature of the local 
current system it is apparent that such 
samples are fairly typical of the water 
present in the surrounding regions, and the 
values mcasurcd, therefore, can be applied 
directly to Buzzards Bay. The mcan 
depth of Long Island Sound is 20 mctcrs 
and of Buzzards Bay 11 meters. Yet 
Long Island Sound cxcecds Buzzards Bay 
in winter maximum phosphorus, average 
chlorophyll/m”, and mean benthic popula- 
tion by factors of 2.5, 3.5, and 3.6, rcspcc- 
tively. It seems obvious that since the 
depth is not markedly different in these 
two areas, the very much larger bottom 
population present in Long Island Sound 
is the result of the larger phytoplankton 
population, its major source of food. 

HlCNTlllC COMMUNITIES IN I3 CJZZRRDS HAY 

One of the main objcctivcs of this paper 
is to delimit the level-bottom animal com- 
munities present in Buzzards Bay. To 
facilitate this end, the distribution by num- 

Tno LE 3. The numbers and proporlion o./ 8 species of animals commonly associated wilh sandy 
sedi*menls in Buzzards Bay 

7 8 
-- 

Station 

_-- .- . 
2 1 

5% 

7.61 
0.62 

51.89 
49.59 

1.67 
7.77* 
4.50** 

49.87 
21.20 

8.53 
14.34 

No. 

- 
28 

- 

57 
3720 
1520 

17 
22 

- 

I1 

$375 

60 
- 
- 
- 
- 
- 
- 
- 
- 

-- 

60 

No. 

- 
738 
- 
- 

294 
179 

- 

1145 
1394 
- 

-- 

3750 

- 
32.67 

- 
- 

5.02 
2.41 
1.42 
- 

26.14 
25.26 

- 
-- 

=9.39 

- - 

789 14.46 
55 1.71 

- - 
- - 

52 0.87 
- - 

73 0.92 
97 9.12 

-- -- 

1066 =2.69 

- 

14 
- 

136 
6 

92 

189 
229 
362 
268 
-- 

296 

218 
- 
- 
- 
- 
- 
- 
- 
- 

-- 

218 

TO. 

62 
219 
275 
336 
74 

238 

258 
22 
36 
32 

-- 

752 

36 

- 
- 
- 
- 
- 
- 
- 

-- 

36 

Jo. % 

78 4.79 
114 5.05 
25 0.76 
14 0.43 
25 0.48 

- - 

34 
437 
326 
- 

-- 

053 

1.30 
9.98 
5.91 

--- 

=2.69 

72 
55 
11 

- 

204 
42 

382 
36 

-- 

602 

1.67 
1.01 
0.34 
- 

3.36 
0.71 
- 

2.30 
3.38 

-- 

.=1.52 

NO. 

124 
14 

1715 
1628 

98 
566 

1306 
928 
471 
439 

-- 

7289 

639 
455 
-_ 
- 
- 

10 
8 

36 
9 

1157 

r0. 

15 
85 
75 
64 

270 
209 

266 
480 
615 

64 
- 

143 

36 
- 

11 
- 
- 
- 
- 
- 
- 

- 

47 

- -- - 
- 

t? 

No. % 

- 
2.52 
1.51 
9.81 

14.22 
11.65 

6.75 
4.93 
2.08 
1.63 
1.76 

--- 

=6.31 

7.02 
- 
- 
- 
- 
- 
- 
- 
- 

-- 

% % % 
- 
0.62 
- 

4.14 
0.10 
1.26 
0.73 
7.22 
5.23 
6.56 
8.76 

-- 

=3.29 

5.05 
- 
- 
- 
- 
- 
- 
- 
- 

--- 

- 

jl 

_- 

- 
1.24 

- 

1.74 
46.42 
20.89 
12.09 

0.65 
0.50 

- 

0.30 

3.81 
18.55 

8.32 
10.23 

1.26 
3.27 
1.89 
9.85 
0.50 
0.65 
1 05 

0.92 
3.76 
2.27 
1.95 
4.61 
2.87 
1.66 

10.16 
10.96 
11.14 

2.09 
-- 

=5.47 

0.83 
- 

0.34 
- 
- 
- 
- 
- 
- 

--- 

-- 

A 
E 
C 
11 
N 
I? 

R 
I 
TI 
G 

s 
.J 

Q 
0 
It 
M 
P 
I, 
R 

- 
57 
50 

322 
833 
849 

129 
91 
90 
54 

-- 

2475 

303 
- 
- 
- 
- 
- 
- 
- 
- 

=11.16 

1.39 
- 
- 
- 
- 
- 
- 
- 
- 

-- 

=4.47 

0.83 
- 
- 
- 
- 
- 
- 
- 
- 

-- 

=18.59 

14.80 
8.34 
- 
- 
- 

0.17 
0.63 
0.45 
0.85 

303 .= 2.92 

5. Tellina tenera * Percent of infauna. 
6. Nephthus bucera ** Percent of total fauna. 
7. Glucera americana 
8. Lumbrinereis tenuis 

1. Ampelisca spinipes 
2. Ampelisca macrocephala 
3. L32/blis serrata 
4. Cerastoderma pinnulatum 
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bcr of the abundant spccics is arranged 
according to the increasing silt and clay 
content of the sediment (see Tables 3 and 
4. Since Station 1’ alone carried a numer- 
ically significant cpifaunal population, it 
was necessary to designate for that station 
in Table 3 both an infaunal and total faunal 
column.) Certain of thcsc dominant species 
arc wholly or largely limited to sediments 
with small amounts of silts and clays 
(Ampelisca spinipes, A. macrocephala, Byblis 
serrata, Tell&a tenera, Nephthys bucera, 
and Glycera sp.), while others (Nucula 
pro&ma, Nephthys incisa, Nerinides sp., 
Retusa caniculata, and Cylichna orzya) arc 
largely confined to soils with large concen- 
trations of silts and clays. Other animals 
such as Nin6e nigripes, Lumbrinereis sp., 
and, less strikingly, Unciola irrorata, arc 
more widely distributed. 

sented in the survey by Stations A, E, C, 
D, N, P, 13, I, H, and G, the other in sedi- 
ments with large concentrations of silts and 
clays and rcprcsentcd by Stations S, J, &, 
0, R, M, I’, L, and K. Certain stations in 
the middle of the soil spectrum show transi- 
tions from one assemblage to the other; 
for example, Station G contained appreciable 
numbers of Nephthys incisa, while Tellina 
lenera and Ampelisca macrocephala were 
abundant at Stations S and J. 

It is usual to describe benthic communities 
after the manner of Pctcrscn (1913) by 
combining the names of two of the charac- 
teristic species. Such dominant species 
should both be numerous and belong to dif- 
Ecrent taxonomic units. 

It seems possible from this distribution 
that two faunal assemblages can be rccog- 
nized, one found in scdimcnts with low 
concentrations of fine particles and rcpre- 

The soft-bottom association is essentially 
the same as the Nephthys incisa-Yoldia lima- 
tula community described from Long Island 
Sound (Sanders 195G). The common rcpre- 
scntativcs in Buzzards Bay are listed below. 
The percentage composition is given only 

T~nr,ra 4. The numbers and proporlion o] 8 species OJ animals commonly associated with, 
muddy sediments in Buzzards Ijay 

-~ 

5 

----____ 

6 

- 
I 

-. 
I 

- 
I 

- 
I 4 8 2 

No. % No. 

- - 
- - 
- - 
- - 

24 0.41 
- - 

- 
- 
- 
- 
- 
- 

- 
- 

10 
10 

- 
- 

0.29 
0.33 

-- 

- 
- 
- 
- 

-- 

50 

13.90 121 
7.06 73 

23.01 320 
7.82 70 

14.32 3306 
23.34 2040 
35.88 49 
20.71 3378 
31.95 88 

2.80 - 

1.34 1218 
9.97 254 
1.57 2162 

54.48 - 

34.38 - 

3.86 1G 
42.61 - 

8.27 - 

9445 2 
- 

=23.83 3650 
-_ 

No. 

- 

10 
16 

755 
-- 

781 

603 
418 
739 
349 
869 

1385 
445 

1642 
340 

-- 

6790 

% -- 010 No. % No. 

A 
lZ 
C 
D 
N 
P 

B 
I 
II 
0 

S 
J 

Q 
0 
R 
M 
P 
r, 
K 

- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 

- 
0.23 
0.29 

24.07 
-- 

jz=1.99 

- 

_- 

z 
- 

- 
- 
- 
- 

- 
- 
- 
- 

- 
- 
- 
- 

- 
- 

54 
II 

-- 

65 

- 579 13.41 
22.33 36 0.66 

7.91 &6 1.74 
48.45 28 0.63 

- 374 6.16 
- 1145 19.30 
1.20 G5 5.13 
- 389 4.91 
- 45 4.23 

=9.21 2717 =G.85 

109 
218 
255 
698 
159 
312 
146 
304 
116 

--- 

2377 

1. Nephthys in&a 5. Retusa caniculata * Percent of infaunn. 
2. Nucula proxima 6. Cylichna orzya ** Pewent of totnl fnunk 
3. l’urbonilla ap. 7. N&de nigripes 
4. Nerinides a~. 8. Unciola irrorata 

- 
_- 

ji 
- 

.=6.00 
-____ 

% 

-- - 
1 No. 

-- - 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 

15 

- 
- 

0.98 
0.36 

- 

44 
- 
- 

-- 

59 

3.91 96 
4.00 91 
5.71 387 

15.64 %l 
2.62 193 
5.26 291 

10.51 16 
3.83 401 

10.90 80 
-- 

1806 

- 
1 

.- 
No. 

- 

24 
- 
- 

25 
641 

- 

32 
326 
117 

-- 

1165 

591 
127 

88 
147 

68 
52 

- 

97 
27 

-- 

1197 

.- 
i No. % 

31 
- 

138 
50 

123 
224 

9 
33 
18 
21 

- 

647 

1.09 
- 

4.18 
1.52 
2.10 
3.35 
1.78 
0.31 
0.75 
0.33 
0.69 

=1.65 

169 
273 

55 
237 
- 
- 
- 
- 
- 

-- 

734 

3.91 
5.00 
1.71 
5.31 
- 
- 
- 
- 
- 
-- 

al.85 

% 
- 

-- 

z 

- 
- 
- 
- 
0.21 

- 

1.00 
- 
- 

-- 

2.22 
1.67 

12.05 
5.63 
3.18 
4.90 
1.26 
5.06 
7.52 

-- 

=4.56 

-- 
% 
- 
l.OG 
- 
- 

0.43 
*5.10 

'*8.80 
- 

0.73 
5.91 
3.82 

.- 

ji 

% 

--- 

=2.97 

13.68 
2.33 
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for those species comprising more than one 
per cent of the population. 

w co1llpn- 
silion 

O/” coln~o- 
.SiliO?J 

Polychaet~l I~alnellibranclliu 
Nephthgs in,cisa 17.13 Nucula prnxim.a 23.83 
Nerinides sp. 0.85 Cerasinderma 2.639 

pinnulalum 
Niniie nigripes 3.01 Pitar morrhuana 2.M 
Lumbrinereis ten uis 1.52 Yoldia limalula 
Thargx acutus 1 .08 Cwtropoclt~ 
Exogone &spar Turbonilla sp. Q.21 
Lumbrinereis hebes IZetusa raniculala 0.00 
Aricidea sp. Cvlichna orzga 4.33 
Scolelipedes sp. Nassarius triwiallatu.9 
Maldanopsis elon- Bela turricola 

oata htcropnow.trt 

Melinna cristata Dolichoglossus 
Crllstucea kowalevskii 

A mpelisca spinipes 2.92 'hnicntn 

Unciola irrorata 1.85 Molgula complnnnia? 
IIutchinsoniella ma- 

cracanlha 
Eilotf~a montosa 

The two most common forms arc Ne~l&ys 
incisa and Nucula proxima, comprising 1.7.13 
and 23.83 % of the population by number. 
Since Yoldia Zimatula makes a much less sig- 
nificant numerical contribution in Buzzards 
Bay, it is proposed that Nucula proxima rc- 
place it as a characterizing dominant, The 
upper salinity associated with this commu- 
nity in Long Island Sound was 29.2, in Buz- 
zards Bay 32g0. The other environmental 
conditions associated with this community 
have been described elsewhere (Sanders 1956) 

The predominantly sand assemblage is 
clearly characterized by three closely 
related species of amphipods, A mpelisca 
spinipcs, A. macroccphala, and Ryblis serrata 
which together constitute over 36 % of the 
community. The remaining really abun- 
dant species in this association is the lamel- 
libranch, Cerastoderwha pinnulatum, which 
comprised more than 10 % of the population 
at the time of sampling. However, because 
this organism is an annual, being present 
in markedly reduced numbers or even ab- 
sent during a significant fraction of the 
year, it is a poor characterizing species. 
It therefore seems reasonable to designate 
this sand bottom association as the Ampe- 
Zisca spp. community, which in Buzzards 
Bay is found in sediments containing less 
than 35-45 % silt-clay. The common reprc- 
scn t:Ltives arc listed below. The per cent 

composition is given only for those species 
comprising more than one per cent of the 
population. 

Polyclitteta Ideptocheirus 
Glpcera americana 5.47 pingius 
Nephthys bucera 4.47 
Niniie nigripes 

Cerapus tubular+ 
2.97 Corophium spp. 

Lumbrinrwis tenuis 2.09 I’tilanthura tenuis 
Nephthus incisa I .QQ Edotca montosa 
Sthenelais boa StenothBe sp. 
Pholiie minuta Batea secunda 
Eteone lacta Erichthonius bra- 
I’hyllodoce arenae siliensie 

Para8piono8glli8 Aeginella lon gi- 
longicirrala cornis 

I’odarke obscura Crag0 septemspino- 
Nereis zonala SUS 

Diopatra cuprea 
IIaplo8colopo8 frn- Neopanope texana I 

epifminn 

I’agurus annulipes 

gilis T,twwllibranohia 
I’ista sp. Cerastodermn pin- 10.17 
I’nl@rrus wimua nulatum 
Ampharete arctica Tellinn tenera 3.28 
Scalibregmn infln- Nucula delphino- 

turn donta 
Crustacca Pandora gouldiana 

Ampelisca spinipss 18.50 Lqonsia hualina 
Bublis serrata 11.31 Idaevocardium mar- 
Ampelisca macm- 6.31 tnni 

cephala Ensis directus 
Unciola irrnrata 1.85 Gttstropoda 
Ox2/uroslylis smithi Natica pusilla 
Paraphoxus spinn- Nassarius tril)iatta- 

8218 tus 
I’hoxocephalus hol- Crepidula plana 

balli Mitrella lunata 

1 

cpifaunrl 
Anachis aaara 

Tunicatn 
Molgula complanata? 1.85 

The same community with most of the 
same species represented also occurs in the 
sandy sediments of Long Island Sound where 
the A mpelisca species comprised about 32 % 
of the fauna. Since too few stations of this 
type were present in the survey (Stations 
1, 4, and Charles Island), the writer did not 
feel justified in naming the association in 
Long Island Sound. In view of the faunal 
analyses in Buzzards Bay, however, it seems 
apparent that the infauns of the sandy 
sediments of Long Island Sound also belongs 
to the Ampelisca spp. community. Evidence 
for the presence of similar communities elsc- 
where can be found in the studies of Miyadi 
wm who observed that an Ampelisca 
species was a common organism in the 
sandy sediments of Tanabe-wan and Osaka- 
wan, two somewhat enclosed Japanese Bays. 
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Certain differences exist in the species 
composition of the ampeliscids in the Long 
Island Sound and Buzzards Bay regions. 
Ampelisca macrocephala and Byblis serrata 
are largely absent from the region investi- 
gated in the central Long Island Sound 
area. Instead, two sibling specks, dcsig- 
natcd tentatively by the writer as Ampelisca 
A and 13, comprise the dominant ampcliscid 
species of the region. Both forms appear 
identical morphologically, diff cring only in 
size, the former being approximately three 
times as heavy as the latter. There is little 
overlap in the distribution of the species, 
with Ampelisca A present in sediments with 
relatively less silt and clay. Probably both 
forms have been lumped together and 
included in the species Ampelisca spinipes. 
(l’axonomic diffkultics involved in the 
genus Rmpekisca have been discussed in 
detail by Reid 1951.) 

There is some indication that Ampelisca 
spinipes in Buzzards Bay may be composed 
of the same two components, although there 
appears to be more overlap in the distribu- 
tions which tend to blur size differences. 
To test this contention, size-frequency 
distributions of the Ampelisca spinipcs 
representatives were constructed for the 
nine samples having adequate numbers of 
this form. The mean length of the largest 
20 % in each of the four stations having the 
least silt-clay content was appreciably larger 
than any of the remaining five stations. 
Converting length to dry weight (Sanders 
1956) the average dry weight equivalent) of 
the largest 20 % of the population at the 
four stations with less silt-clay was ap- 
proximately 2.8 times as large as the mean 
dry weight equivalent of the other five sta- 
tions. Thcsc dat,a at least imply that both 
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Ampelisca A and fi may bc prcscnt in 
Buzzards Bay. 

Stickney and Stringer (1957) describe 
an Amp&&a community in Greenwich 
Ray, Rhode Island. Their association is 
present in mud or mud and some sand, with 
a number of stations carrying more than 
10,000 individuals of Ampelisca spinipes 
to the square meter. In contrast, Ampelisca 
spinipes appears to bc restricted to the 
sandy sediments in I3uzzsrds Bay (see 
Table 3) and Long Island Sound. Other 
components of Stickncy and Stringer’s 
community, i.e., Nucula proxima, Retusa 
(Tornatina) caniculata, and Pitar morrhuana 
arc important constituents of the Nephthys 
in&a-N ucula proxima community in Buz- 
zards Day (Table 4). 

k+om observations in the laboratory 
Enequis t ( 1949) defines the ampcliscid 
type of feeding in which the animals “do 

not ingest their food chiefly during bur- 
rowing but by sucking together tripton 
with the aid of the current set up by the 
pleopods and by scraping off or whirling 
up the surface detritus with the antennae.” 
Since the ampcliscids in Long Island Sound 
and Buzzards Bay are largely limited to 
the sandy sediments, it is obvious that they 
must obtain their food predominantly 
from suspended matter in the water. 
Ampelisca macrocephala in Greenwich Bay 
inhabits a similar environment and thus 
probably feeds in the same manner. IIow- 
ever, regarding the extremely abundant 
Ampelisca spinipes, Stickney and Stringer 
(1957) state, “The digestive tracts of 
Ampelisca spinipes were found to contain 
large amounts of both mineral and organic 
detritus suggesting that these species feed 
upon bottom deposits.” This observation, 
together with the fact that the animal is 
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most abundant in the softer deposits, 
indicates that in Greenwich Bay, Ampelisca 
spinipes obtains its food largely from settled 
detritus secondarily suspended by the 
animal’s activity. Conceivably, Ampelisca 
spinipes of Greenwich Bay may bc the 
same animal as Ampelisca 13 in Long Island 
Sound, since the latter form is found in 
finer sediments than Rmpelisca A. Finally, 
it should be noted that the Ampelisca 
community of Greenwich Bay is replaced 
in Long Island Sound and Buzzards Bay by 
the Nephthys incisa-Nucula proxima com- 
munity, which has an exlremely small 
ampeliscid component. 

ANIMAL-SEDIMENT RELATIONSHIPS 

The primary consumers, i.e., herbivores 
and detritus feeders, usually comprise 
80-99 % by number of the benthic faunal 
in Buzzards Bay, The filter-feeders or 

animals that obtain their food from sus- 
pcnded matter make up the majority of 
the fauna in the sandy sediments, while the 
deposit-feeders living on organic matter 
in or on the bottom dominate the fauna 
in the finer sediments. In the dmpelisca 
spp. community the filter-feeders comprise 
almost two-thirds of the population by 
number, while over 80 % of the fauna of the 
Nephthys incisa-Nucula proxima community 
are deposit-feeders. The sand sediment, 
where the Ampelisca spp. community is found, 
reflects the more pronounced current activity 
in such environments which in turn brings 
more potential food to the filter-feeding 
organisms than would weaker currents. 
Conversely, over mud bottoms, the feeble 
currents allow organic matter to settle out, 
thus providing an adequate source of 
nutrition for large numbers of deposit- 
fccdcrs. 

7000 

N 
5 6000----- 

[r 

if 
5 ooo--- 

u-l 

4” 

2 

z 4ooo -- - 
a 

2 
3 000 

L1: 

: 

2 
3 2 ooo-.---.-- -- 
z 

T 
NUGULA PROXIMA 

0 LONG ISLAND SOUND 

- ! 

-_ 

--_ -__ 

--__ 

~. ---. -- - 

0 5 IO 15 20 25 30 35 40 45 50 

PERCENT GiAY 
WIG. 311. Relntionahip of the number of Nucula proxiw~n to the clny componcnb OF the scdirncni 

in T,ong Mnnd Sound :mti 13uzx:~rth Ihy, 



254 HOWARD L. SANDERS 

I-- 

NEPHTHYS INCISA 

0 LONG ISLAND SObNO 

I I I . BUZZARDS BAY 1 

7 

0 

0 
D 

8 

_.. 

90 100 

PERCENT SILT-CLAY 

FIG. 4a. Relationshiu of the number of Nc;Dhth?/s ~ncisa to the silt,-clay component of the scdimcnt 

Within each feeding type a few species 
arc numerically dominant. In the Ampe- 
Zisca spp. community four species comprise 
78 % of the filter-feeders, and in the Nephthys 
in&a-Nucula proxima community seven 
forms constitute over 86% of the deposit- 
feeding fauna (see Table 2). Ii‘igure 2 
shows the distribution of seven of these 
deposit-feeders plotted against the silt-clay 
content, of the sediment. A summation 
of the percentages of filter-feeders and 
deposit-feeders gives the total for the 
primary consumers. 

It should be noted that one of the included 
dominant deposit-feeders is a specks of 
the pyrsmidellid genus l‘urbonilla~. All 
pyramidellid gastropods are believed to be 
highly specific ectoparasitcs whose hosts 
are usually sedentary polychaetes, molluscs, 
and coclcnterates (Fretter and Graham 
1949). Yet it is impossible to conccivc 

that the particular species under considem- 
tion could possibly have a parasitic mode 
of life because of its great abundance relative 
to the animals that might scrvc as hosts. 

Turbonilla is the numerically dominant 
species of Stations J and 0, comprising 22.3 
and 48.5 %, respectively, of the total popula- 
tion. At Station Q it constitutes 7.9 % 
of the fauna. The only associated animals 
that might conceivably bc abundant enough 
to serve as possible hosts in this environ- 
ment are Nephthys ad Nucula. One 
should expect excellent agreement in a host- 
parasite relationship, and yet thcrc exists :I 
poor correlation between the distribution 
patterns of Turbonilla and the postulated 
hosts (Fig. 2). Furthermore, many thou- 
sands of living Nephthys and Nucda have 
been observed by this writer without finding 
any indication of a pyramidcllid parasite. 
The actively burrowing habit OE Nephthya 
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makes that animal an unlikely host, and it is 
unreasonable to suppose that the diminutive 
Nucula could serve as a suitable host for the 
larger and often more numerous Turbonilla. 
It is much more likely that this particular 
species of l’urbonilla is not an ectoparasite 
but a deposit-feeder, using its buccal pump 
to draw in the extremely soft, organically- 
rich superficial sediment. 

The distribution qf deposit-Seeders in Buzzards 
Bay and Long Island Sound 

Realizing that, the distribution of any 
species in nature is the result of a complex 
of environmental factors, a unifactorial 
analysis gives, at best, only a moderately 
good correlation. For example, the rels- 
tionship bctwcen the distribution of certain 
deposit-leeding species and the fine fractions 
of the sediment can bc modified in scdimcnts 
of very high concentrations of these con- 
constituents by t)hc reduction of oxygen. 

The numerically abundant species of 
deposit-feeders are essentially the same in 
both of these regions, yet the greatest 
concentration in Buzzards Bay occurs in 
sediments with an appreciably higher frac- 
tion of silts and clays than in Long Island 
Sound, although the points are too few 
to demonstrate this statistically. Figure 3s 
shows the relationship between the silt-clay 
composition of the sediments and the num- 
bers of Nucula proxima, the most abundant, 
deposit-feeder in both regions. The Long 
Island Sound samples reveal high numerical 
values at from 35 to 60% silt-clay, while 
in Buzzards Bay the highest values are 
found between 80 to 87 %, with low num- 
bers in the region of Long Island Sound 
maximum. 

The differences in distribution between 
the two arcas are much more pronounced 
than that indicated in Figure 3a. Sediment 
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analyses were not performed on all samples 
taken in the Long Island Sound study, 
particularly in regard to a number of samples 
from Stations 2, 7, and 8. However, the 
sediments that were analyzed (Sanders 
1956) indicate that probably all samples 
from these stations had a silt-clay content 
that varied between 25 and 60 7%. The num- 
ber of NucuZa/m” that were present in 
the samples not included in Figure 3a 
are given below. These help to confirm 
the existence of maximum populations in 
intermediate silt-clay percentages. 

Station 7 September 9, 1953 9,050 
February 3, 1954 4,600 
September 10, 1954 1,200 

Station 8 August 1, 1953 4,100 
February 3, 1954 8,000 
July 23, 1954 10,000 

Station 2 February 5, 1954 5,450 

Essentially the same distributional pattern 
can be demonstrated for the next most 
abundant deposit-feeder, Ncphthys in&a 
(Fig. 4a) except that the degree of difference 
in distribution is even more marked. Like 
Nucula, Nephthys in Buzzards Bay is 
found in largest numbers in 80 to 87 % 
silt-clay, although the polychaete is abun- 
dant over a wider sediment range than 
Nucula. By contrast, in Long Island Sound 
the largest populations of Nephthys are 
encountered in sediments of from 22 to 40 % 
silt-clay, while in sediments of more than 
70 % silt-clay only small numbers are 
present. 

Why should there be an apparent regional 
dif’ferencc in the distribution patterns of 
Nephthys and Nucula? A closer scrutiny 
of the silt-clay fraction of the sediment 
in these two arcas gives a clue. What is 
immediately evident is that the clay com- 
ponent of this fraction is much larger in 
the Long Island Sound samples, averaging 
48.3 % with a range of from 37.8 to 61.2 %. 
On the other hand, in Buzzards Bay the 
clays average only 2l.4 % of the silt-clay 
fraction with a minimum of 18.1 and a 
maximum of 2G.9%. 

Much better agreement is obtained rc- 
garding the distribution of Nucula and 
Nephthgs in Long Island Sound and BUZ- 

zards Bay if the number of animals is 
plotted against only the clay percentage 
(Figs. 3b and 4b). The Long Island Sound 
data show that the largest populations of 
Nucula are found between 16 and 22 % 
clay, and that appreciable numbers arc 
present in sediments with greater clay 
concentrations. In Buzzards Bay almost 
the same sediment range, 16 to 19% clay, 
representing some of the stations with the 
largest clay fractions, support the biggest 
populations of Nucula. 

There is also excellent agreement in the 
distribution of Nephthys in Long Island 
Sound and Buzzards Bay (Fig. 4b). With 
the single exception of Station G with about 
4 % clay, the largest populations seem to bc 
confined to sediments with 10 to 20 % 
clay in both areas. At higher and partic- 
ularly lower concentrations of clay the 
numbers of Nephthys rapidly diminish. 

The data strongly suggest that clay is 
the most valid sediment correlate for the 
distribution of deposit-feeding organisms. 
Clays arc much smaller than the silt particles 
and therefore have a relatively much larger 
surface area to bind organic matter, the 
source of food for deposit-feeders. Larger 
detrital components also tend to accumulate 
here due to the feeble currents. On the 
other hand, large concentrations of organic 
matter may reduce the oxygen content 
in the sediments and can ultimately limit 
the cnvironmcnt for deposit-feeders. It is 
no wonder that the clay fraction seems 
well correlated with the distribution of 
deposit-feeding animals. 

The distribution OJ jilter-feeding animals in, 
Long Island Sound and Buzzards Bay 

The analyses of the samples in both regions 
demonstrate that the filter-feeders a’re 
the dominant feeding type in the sandy 
sediments, yet it is not entirely evident 
that the silt-clay concentration alone can 
explain their distribution pattern (see Table 
2). The distribution of filter-feeders may bc 
controlled by the hydrodynamic processes 
which determine the sediment character 
rather than directly by the sediment. In 
the following theoretical speculations three 
processes need to bc considered: the tur- 
bulence of water flow, the settling velocities 
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of particles, and the transport of particles. 
The current necessary to convert the 
laminar flow over the bottom into turbulent 
flow is dependent on two factors which are 
inversely related, the size of the grain pro- 
truding into the flow and the velocity of 
the current. This is shown as the roughness 
velocity in Figure 5 (Inman 1949). The 
larger the sediment particles the smaller 
the velocity necessary to convert a hy- 
drodynamically smooth bottom to one 
that is hydrodynamically rough. The sct- 
tling velocity of sediment particles is given 
by Stokes’ Law for grains less than 0.18 mm 
diameter, and the relationship between 
particle size and velocity is linear. Particles 
larger than 0.18 mm fall more slowly than 
Stokes Law might predict, because the 
turbulence created by the falling object 
becomes a factor (see Fig. 5). The velocity 
necessary to cause a particle to move along 
the bottom (threshold velocity, Fig. 5) is 
minimal for grain sizes of 0.18 mm. Smaller 
sizes act as a hydrodynamically smooth 
bottom, and the drag becomes distributed 

01 
.Ol .04 0.1 .4 I 4 IO 

DIAMETER IN mm. 

]?~a-. 5. Relation of grain diameter to settling 
velocity, threshold velocity, and roughness vcloc- 
ity. Modified from Inman (1949). 

equally rather than on exposed individual 
particles. It is a point of some interest 
that the roughness velocity, settling velocity, 
and threshold velocity are the same for 
grains of 0.18. Thus sand grains of this 
size arc most easily moved. 

Since both finer and coarser sediments 
are more difficult to move, bottom sedi- 
ments in the act of transport become better 
sorted as the diameter approaches 0.18 
mm. This has been observed in the sedi- 
ment studies for Cape Cod Bay (Hough 
1.942), Barataria Bay (Krumbcin and hber- 
decn 1937), and the Red Sea (Shakri and 
Higazy 1944). 

The sediment analyses in Buzzards Bay 
agree with the above findings. By far 
the best sorted sample, Station I’, had a 
median grain size that was precisely 0.18 
mm (see Table 2). This station supports 
the largest total population and the largest 
number of filter-feeders. The probability 
is small that this is mere chance. This 
observation finds further support in the 
fact that the next largest number of filter- 
feeders were present at Station N where 
the sediment was relatively well sorted 
and median grain size of 0.26 deviated less 
from 0.18 mm than at any of the other 
stations. It therefore appears that two 
sediment criteria, a median grain size in 
the fine sands and a well-sorted sample, 
may be correlated with large populations 
of infaunal filter-feeders. 

The Long Island Sound sediment data 
were reinterpreted from this point of view. 
These samples as a rule were much more 
poorly sorted than the Buzzards Bay series. 
The Charles Island sample of October 23, 
1953, had a much larger population of filter- 
feeders than any of the other stations from 
which complete sediment analyses could 
be obtained. Within Long Island Sound 
the sediment at this station was the best 
sorted and had a median grain size of 0.15 
mm. Thus the Long Island Sound data 
confirm the Buzzards Bay observations. 

Since these results indicate a possible 
relationship between infaunal filter-feeders 
and a well-sorted, fine grain, it is pertinent 
to define the characteristics of such an 
environment. Because these sediment par- 
ticles arc precisely the sizes most easily 



moved, their prcscncc in large concentra- 
tions is indicative of little active sediment 
transport. Such an environment is stable, 
which is an obvious advantage to organisms 
that live on and in the sediments. 

As particle sizes become larger than 0.18 
mm, the material will slide or roll over 
the bottom rather than go into suspension, 
because the roughness velocity is less than 
the threshold and settling velocities (set 
Fig. 5). Infaunal filter-feeders must main- 
tain connection with the scdimcnt surface 
in order to feed, and the shifting of the 
sand particles tend to make the maintenance 
of this connection precarious. The stations 
that best typify these conditions in Buz- 
zards Bay (A and E) support very modest 
populations of infaunal filter-feeders. 

Sediments that predominantly consist 
of silts and clays support meager numbers 
of filter-feeders for an entirely different 
reason. These sediments reflect the feeble 
currents present which allow the line 
particles, including the organic matter, 
to settle out. There is therefore a smaller 
amount of organic matter in suspension to 
supply food for the filter-feeders. Most 
of the stations with fine sediments (Q, 0, Tt, 
M, I?, L and K) support small populations 
of filter-feeders. 

What can bc deduced about the well- 
sorted fine sands? For reasons previously 
stated, it must be a stable environment. 
Furthermore, the extremely good sorting 
indicates that the intensity of the current 
over the bottom during a tidal cycle must 
be remarkably constant, probably deviat- 
ing only slightly from a velocity of two 
centimeters per second. l’inally, currents 
of this intensity must be adcquatc to sup- 
port the large populations of filter-feeders 
found in such sediments. 

ICNEQUIST, 1'. 1949. Studies on the soft-bottom 
amphipods of the Skagcrak. Zool. Bidr. 
Uppsah, 28: 297-492. 

FRETTER, V., AND A. GRAIIAM. 1949. The struc- 
t,urc and mode of life of the Pyramidcllidac, 
parasitic opistobranchs. J. Mar. Viol. Ass. 
U. K., 28: 493-532. 

&)UGH, ,J. 1,. 1942. Scdimcnts of Cape Cod Ijay, 
Mass. J. Sed. Pet., 12(l): 10-30. 

INMAN, Il. T. 1949. Sorting of sediments in lhe 
light of fluid mechanics. J. Sctl. Pet., 19(2): 
51-70. 

I<RuMBEIN, W. C., nNu E. RBI~RDEJ~N. 1937. 
The sediments of Barataria Bay. J. Std. Pet., 
7(l): 3-17. 

MARE, M. F’. 1942. A study of a marinc benthic 
community with special rcfcrcncc to the . microorganisms. J. Mar. 13iol. Ass. U. I<., 
26: 517-554. 

MIYAUI, D. 1940. Marinc benthic communities 
of the Osaka-wan. J. Oceanogr., 12(2): 
371-385. 

PETXRSEN, C. G.J. 1913. Vulualion of the sea. 
.[I. The animal communities of the sea bottom 
and theirimportancefor marine zoogeography. 
Rep. Danish Viol. &a., 21: 110 pp. 

RAYIMONT, J. E. G. 1949. Further observations 
on changes in the botf,om fatma of a fcrtilizcd 
sea loch. J. Mar. Biol. Ass. U. K., 28(l): 9-19. 

RETI), 11. M. 1951. Report on the Amphipoda 
(Gammaridae and Caprellidae) of the coast of 
tropical Wes t$ hf rica. Atlant,ide Rept. No. 2. 
Sci. Res. ljanish Expcd. to trop. West Africa, 
1945-1946 : 189-291. 

RILEY,G. A. 1955. Review of the oceanography 
of Long Island Sound. I%xp-Scs lLcs., Suppl. 
to Vol. 3: 224-238. 

SANDERS, I-1. 1,. 1956. Occanograpt~y of Long 
Tsland Sound, 1952-1954. X. Biology of 
marine l)ott,om oommunitics. Bull. Bingham 
Oceanogr. Coll., 16: 345-414. 

~IICIKRI, N. M., AND R. A. IIICrhzY. 1944. MC- 
chanical analyses of some bottom dcposi ts of 
l,he northern Red Sea. J. Std. Pet., 14(2): 
43-69. 

SOIL SURVEY STAPT. 1951. Soil Survey Manual, 
U. S. Dept. Agr. Handbook No. 18: I-.503. 

STICKNJCY, A. l’., AND 1,. 1). STRINGER. 1957. 
A study of the invertcbratc bottom fauna of 
Greenwich Bay, Rhode Island. Ecology, 
38(l): 111-122. 


