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Animal-sediment relations and community analysis of a Florida estuary

S. A. Broom, J. L. StMox and V. D, HuNTER

Department of Biology, University of South Florida; Tampa, Florida, USA

Abstract

Five species assemblages of the intertidal infauna of Old
Tampa Bay, Florida, USA are identified. Two assemblages are
judged to constitute distinet communities, while a third is
shown to be an interdigitation of the two communities.
Dominance by one species is the prevalent pattern within. the
assemblages. Numbers of deposit feeders are found to be
inversely correlated to that of filter feeders, and both trophic
types are found to be correlated to the sediment parameters
of median grain size, sorting and skewness. Three transects
with three stations each were established along the south side
of Courtney Campbell Causeway in Tampa Bay, Florida. A
faunal sample (0.4 m?), a sediment sample, and & water sample
were taken at each station in September, December, and March
of 1968/1969. Sediment samples were wet-seived. Animal
samples were reduced to numbers of organisms and biomass
per species. Trellis diagrams and correlation tests were gene-
rated. Support is shown for the trophie group-amensalism
hypothesis, however, the silt-clay fraction is apparently of
lesser importance to deposit feeders in Florida sediments than
in Buzzards Bay sediments. An attempt is made to relate an
analysis of the optimal grain size for filter feeders to the trophie
group-amensalism hypothesis. A view of ecommunities as
abstractions from continua is more realistic than communities
as discrete units.

Introduction

- The purpose of this study was to gather quantitative
information on the shallow water estuarine infauna
of Tampa Bay, Florida, USA, and to attempt to
relate community structure and trophic type distri-
bution to sediment parameters. Work of this type
has been performed elsewhere in subtidal - areas
(SanpERs, 1958, 1960; Rmoaps and Youwne, 1970;
STEPHENSON, eb al., 1970) andin estuaries (SANDERS
et al.,, 1962; McintyrE and ELEFTHERIOU, 1968;
Moore et al., 1968; GreEeEN and Homson, 1970).
Species-occurrence lists of macro-invertebrates for the
estuary have been compiled (DPragovicn and KeLny,
1964) and an animal-sediment relationship study of
mollusks in a nearby bay has also been carried out
(Ta¥LoRr et al., 1971).

Methods and materials

Three locations with distinct sediment types were
selected along the south side of Courtney Campbell
Causeway in Tampa Bay, Florida (Fig. 1). Transects
were established at each location with three stations

6*

per transect. The criteria used in determining transect
location were sediment color, texture, ability to
support weight, and odor. The first station on each
transect was 5 m into the intertidal zone from the
spring high-tide mark. A second station was established
at the spring low-water mark as determined by either
the edge of the Diplanthere grassbed (Transects 1
and 2) or the edge of a sharp dropoff into the subtidal
(Transect 3). A third station was established at the
halfway point between the first and second station
on each transect. The exact position and designation
of the three stations on the three transects along with
the code for the subscripted station designations are
given in ¥ig. 1.

When samples were taken, the stations were either
recently exposed or were covered with a few centi-
meters of water. All stations were sampled in Sep-
tember, December, and March 1968 [1969 (hereafter
referred to as fall, winter, and spring, respectively).
On each occasion, 4 pooled fauna samples were taken
with an 0.4 m? corer. Sediment was removed from the
corer to a depth of 20 cm at Transects 1 and 3, to
40 cm at Transect 2, and seived through a 1.0 mm
screen. All animalsretained on the sereen were removed,
were sorted live to species (identified by JLS) and
preserved in 109, formalin. Animals were counted,
dried at 60 °C, weighed, burned in a muffle furnace at
550 °C, and reweighed, giving ash-free carbon weight
(hereafter referred to as biomass).

A sediment sample of approximately 0.5 kg was
taken from one core. A water sample was taken from
seepage after the corer was removed. The sediment
was wet-seived through a Wentworth series of seives
and dried at 60 °C. Each fraction was weighed. Water
samples were titrated for salinity by the MonR
method. Temperatures were not recorded.

Analysis of data were performed by a CDC 6400
computer using a ForTraw IV trellis program devel-
oped by the senior author for this study, and packaged
statistical programs (Dixow, 1967). The trellis pro-
gram generates three indices of sample overlap:
(1) common percentage overlap (SANDERS, 1960);
(2) MorisrTa’s index (Moristra, 1959); (3) information
theory overlap (Hozrx, 1966) for numbers of organisms
or biomass for up to 100 species. The three resulting
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symmetrical matrices are then statistically tested for
similarity of the indices using Tukey’s w-procedure.
The packaged programs were BMDOSR (polynomial
regression) and BMDO1V (analysis of variance for a
one-way design). BMDOSR was used to test for
correlations of trophic parameters to one another and
to various sediment parameters, while BMDOL1V was
used to test for homogeneity between trophic and
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(&= 7.68 g/m?). These values fall within the range of
biomass from other benthic studies (SAxDERS, 1958;
SANDERS et al., 1962; McINTYRE and ELEFTHERIOU,
1968; MooORE et al., 1968).

Trellis diagrams were generated for numbers of
organisms and biomass of all species that occurred
more than once in all the samplings. A second series
of trellis diagrams was also generated which excluded

Table 1. Sediment characteristics (See Fig. 1 for explanation of sample codes). Parameters are computed in ¢ units according to
: KruomBEIN, 1936

Sample Median particle Sorting Skewness Percent weight distribution of sediment
diameter cpefﬁ- Skg) 3 1 0 1 9 3 1
(%) (mm) ((’1!‘;;'“ to—1 o0 to1 to2 to 3 to 4 to—
Sy Fall 2.408 0.188 0.947 —1.353 3.7 0.89 0.82 2.35 81.31 9.85 1.30
Winter 2.729 0.151 1.056 —0.778 2.39 1.30 1.21 2.67 59.90 23.55 8.95
Spring  2.695 0.154 0.893 —0.035 0.86 0.21 0.40 4.26 78.48 2.85 12.91
Sim Fall 3.229 0.105 1.028 —0.610 0.84 0.47 1.08 6.41 27.00 42.09 22.99
Winter 2.504 0.176 0.952 —0.154 0.92 0.81 0.67 20.28 58.35 10.68 8.77
Spring 2.735 0.150 0.692 —0.145 0.00 0.12 0.78 10.25 54.73 32.48 1.61
S Fall 3.509 0.087 1.063 —0.228 0.05 0411 0.60 6.67 30.70 14.41 47.58
Winter 3.082 0.118 1.234 0.006 0.08 0,27 0.69 444 50.61 22.65 21.25
Spring 2.649 0.160 0.271 0.045 0.12 0.08 0.67 18.46 53.03 19.69 7.9
Seu Fall 1.656 0.317 0.701 —0.555 2.00 1.00 3.00 68.00 22.00 1.31 0.66
Winter 2.597 0.165 1.694 —0.839 11.66 1.58 1.46 8.04 5.96 70.68 0.74
Spring 2.069 0.239 1.314 —0.832 8.75 1.50 1.73 14.60 60.04 12.61 0.92
Som Fall 2416 0.187 0.449 -0.183 0.02 0.03 0.08 13.63 80.50 4.82 0.38
Winter 2.414 0.188 0.439 2,720 0.33 0.05 0.12 9.58 87.60 1.32 0.71
Spring 2.530 0.173 0.5 0.097 0.00 0.02 0.08 14.77 67.00 16.28 0.85
Sor Fall 2.553 0.171 0.286 1.500 0.00 0.05 0.04 0.42 94.30 446 0.73
Winter 2.647 0.160 1.003 0.063 0.24 1.10 6.36 12.85 38.08 38.38 3.16
Spring 2.569 0.169 0.725 0.097 0.00 0.02 0.11 20.53 53.73 23.47 210
Sy Fall 2474 0.180 0.364 —0.760 0.01 0.05 0.64 5.63 89.50 4.49 0.00
Winter 3.126 0.115 0.832 —0.843 0.07 0.38 2.42 9.00 13.97 40.46 3.66
Spring 2.425 0.186 0.996 —0.390 0.18 1.77 8.70 10.48 54."79 21.78 2.25
Sau Fall 2.277 0.206 0.804 —0.255 0.13 0.80 5.19 22.79 58.86 10.64 1.56
Winter 2.499 0477 1102 —0.053 0.43 1.04 5.81 20.91 46.24 13.71 11.86
Spring 2.580 0.167 0.828 —0.858 0.71 0.77 5.30 2.38 65.62 24.70 0.69
Sar. Fall 2.242 0.211 0.932 —0.128 0.43 0.62 5.51 25.24 57.41 7.37 3.33
Winter 2.232 0.213 0.712 —0.873 0.01 0.08 0.31 37.35 54.26 4.57 344
Spring 1.873 0.273 1.070 0.118 0.71 2.72 11.65 45.04 27.99 6.98 4.86

sediment parameters at various stations and between
overlap indices for numbers of organisms and biomass.

Results

Sediment characteristics, species and biomass, and
numbers of organisms per species are presented in
Tables 1 and 2 a, b, ¢, respectively. Salinity ranged
from 2238 to 30.14%, (T=25.13Y%, o=2.544).
Numbers of organisms for all samples ranged from
22/m? to 5240/m? (&= 510/m?) and the biomass for
the same samples ranged from 0.96 g/m? to 17.90 g/m?

the ubiquitous species Nassarius wvibex and pooled
species such as amphipods, cumaceans, insect larvae,
rhynchocoels, and shrimp. The three indices of overlap
within both sets of trellis diagrams were distinguish-
able at the 0.05 level. Biomass and numbers of orga-
nisms within a set of diagrams for any one index were
not distinguishable at the 0.05 level (BMDO1V).
However, the qualitative pattern of overlap was virtu-
ally identical between indices and between sets of
trellis diagrams. For brevity, the trellis diagram wuti-
lizing MoRr1stTA’s index with regard to biomass for all
species is presented (Fig. 2).
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symmetrical matrices are then statistically tested for
similarity of the indices using Tukey’s w-procedure.
The packaged programs were BMDO5SR (polynomial
regression) and BMDOQ1V (analysis of variance for a
one-way design). BMDOSR was used to test for
correlations of trophic parameters to one another and
to various sediment parameters, while BMDOLY was
used to test for homogeneity between trophic and
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(= 7.68 g/m?). These values fall within the range of
biomass from other benthic studies (SANDERs, 1958;
SawDERS et al., 1962; McINTYRE and ELEFTHERIOU,
1968 ; MooRE et al., 1968).

Trellis diagrams were generated for numbers of
organisms and biomass of all species that occurred
more than once in all the samplings. A second series
of trellis diagrams was also generated which excluded

Table 1. Sediment characteristics (See Fig. 1 for explanation of sample codes). Parameiers are computed in ¢ uniis according to
’ KrousrmN, 1936 :

Sample Median particle Sorting Skewness Percent weight distribution of sediment
diameter coeffi- Sk g) 3 —1 0 1 2 3 4
(o) (mm) ?lgr)lt to—1 to0 to1 to 2 t0 3 to 4 to —
Siv Fall 2.408 0.188 0.947 —1.353 3.77 0.89 0.82 2.35 81.31 9.85 1.30
Winter 2.729 0.151 1.056 —0.778 2.39 1.30 1.21 2.67 59.90 23.556 8.95
Spring 2.695 0.154 0.893 —0.0356 0.86 0.21 0.40 4.26 78.48 2.85 12.91
Six Fall 3.229 0.105 1.028 —0.610 0.84 047 1.08 641 27.00 42.09 22.99
Winter 2.504 0.176 0.952 —0.154 0.92 0.81 0.67 20.28 58.35 10.68 8.77
Spring 2.735 0.150 0.692 —0.145 0.00 012 0.78 10.25 54.73 32.48 1.61
Siz Fall 3.509 0.087 1.063 —0.228 0.05 0.11 0.60 6.67 30.70 14.41 47.58
Winter 3.082 0.118 1.234 0.006 0.08 0.27 0.69 4.44 50.61 22.65 21.25
Spring 2.649 0.160 0.271 0.045 012 0.08 0.67 18.46 53.03 19.69 7.01
Sgu Fall 1.656 0.317 0.701 —0.555 2.00 1.00 3.00 68.00 22.00 1.31 0.66
Winter 2.597 0.165 1.694 —0.839 11.66 1.58 1.46 8.04 5.96 70.68 0.74
Spring 2.069 0.239 1.314 —0.832 8.75 1.50 1.73 14.60 60.04 12.61 0.92
Sen Fall 2.416 0.187 0.449 —0.183 0.02 0.03 0.08 13.63 80.50 4.82 0.38
‘Winter 2.414 0.188 0.439 2.720 0.33 0.05 0.12 9.58 87.60 1.32 0.7t
Spring  2.530 0.173 0.591 0.097 0.00 0.02 0.08 14.77 67.00 16.28 0.85
Sar. Fall 2.553 0.171 0.286 1.500 0.00 0.05 0.04 0.42 94.30 4.46 0.73
Winter 2.647 0.160 1.003 0.063 0.24 1.10 6.36 12.85 38.08 38.38 3.16
Spring 2.569 0.169 0.725 0.097 0.00 0.02 0.11 20.53 53.73 23.47 210
Ssu Fall 2474 0.180 0.364 —0.760 0.01 0.05 0.64 5.63 89.50 4.49 0.00
Winter 3.126 0.115 0.832 —0.843 0.07 0.38 2.42 9.00 13.97 40.46 3.66
Spring 2.425 0.186 0.996 —0.390 0.18 1.77 8.70 10.48 54.79 21.78 2.25
S Fall 2.277 0.206 0.804 —0.255 0.13 0.80 5.19 22.79 58.86 10.64 1.56
Winter 2.499 0.177 1.102 —0.053 0.43 1.04 5.81 20.91 46.24 13.71 11.85
Spring 2.580 0.167 0.828 —0.858 0.711 0.77 5.30 2.38 65.62 24.70 0.69
Sz Fall 2.242 0.211 0.932 —0.128 0.43 0.62 5.51 25.24 57.41 7.37 3.33
‘Winter 2.232 0.213 0.712 —0.873 0.01 0.08 0.31 37.356 54.26 4.57 3.44
Spring 1.873 0.273 1.070 0.118 0.711 2.72 11.65 45.04 27.99 6.98 4.86

sediment parameters at various stations and between
overlap indices for numbers of organisms and biomass.

Results

Sediment characteristics, species and biomass, and
numbers of organisms per species are presented in
Tables 1 and 2 a, b, ¢, respectively. Salinity ranged
from 2238 to 30.14%, (= 25.13%, o= 2.544).
Numbers of organisms for all samples ranged from
22/m? to 5240/m® (£= 510/m?) and the biomass for
the same samples ranged from 0.96 g/m? to 17.90 g/m?

the ubiquitous species Nassarius wvibex and pooled
species such as amphipods, cumaceans, insect larvae,
rhynchocoels, and shrimp. The three indices of overlap
within both sets of trellis diagrams were distinguish-
able at the 0.05 level. Biomass and numbers of orga-
nisms within a set of diagrams for any one index were
not distinguishable at the 0.05 level (BMDO1V).
However, the qualitative pattern of overlap was virtu-
ally identical between indices and hetween sets of
trellis diagrams. For brevity, the trellis diagram uti-
lizing MozrisiTA’s index with regard to biomass for all
species is presented (Fig. 2).
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Five areas of generally higher values of overlap
appeared on the trellis diagram in Fig. 21, The species
mixtures responsible for the overlap values in these
five areas will be referred to as assemblages and will
be denoted by the subscripts of the station coordinates.
Thus, the clustering of values of S;y and Sy and
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values within each assemblage, revealed three cate-
gOI'ieSZ (1) strong (Az(M+L)= 0942, Al(U+M) = 0780),
(2) moderate (A,y= 0.823, A1, = 0.661), and (3) weak
(Agas1y = 0.473). The moderate category assemblages
were characterized by only three samples, and the
‘means of animal numbers for these two assemblages

Transect 1 Transect 2 Transect 3
Transect Sty S1m S1e Su Som S
Station y » 3 4 5 6 37 8 8 10 1 12 13 1@ 15 16 17 18
Season [ w s F w S F W s £ w s F w s F W S
Fo1 1F
S;y W 2[948 2 W
s 3}991| 977 33
F 4] 913 05| o33 4F
S;m W 5]|919] 043| gs0} 930 5 W
s 6}.541] 583| 867] .501 6S
£ 7|.000{ .000| 008} .000| 7F
sy, w 8|.000} .025| 002 .000| 113 3525 8w
s o}ooo] 091 028) 000 9s
F 10].000| .017| .000{ .c00 0 AR P /P F
Sy, W111.000| 016].000} .000 | 052 .199 | 494| 635] 527| 816 saasas: w
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Fig. 2. Trellis diagram (Mor1sTA’s index) for all stations and

all species which appeared more than once (station code from

Fig. 1). Overlap values vary from 0 (nothing in common) to 1.0 (identieal). F: fall; W: winter; §: spring

their interrelations will be referred to as Apnrizy.
Similarly, the other assemblages are A;wim), Asr,
Ay, and Agarir) (Fig. 2). An examination of these
assemblages with regard to sample size and magnitude
of overlap as estimated by the mean of the overlap

11t should be noted that the position of the rows and
columns of the trellis matrix reflect spatial location and tem-
poral sequence and have not been rearranged to cluster high
values. Thus, a cluster of high values represents a cluster of
similar organisms in space and time.

were low, 67/m? and 210/m? for A,y and Az, respect-
ively. Species-area curves for Apmayy and Azwiry
reach a plateau, while curves for the other three
assemblages do not.

Examination of the overlap values showed that:
species composition at a station was generally con-
sistent throughout the sampling period, thus allowing
the collapse of the time dimension. The overlap of a
station with itself, i.e., through time, had a mean for
the eight stations within the five assemblages of

Sam

S3L
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0.7472. The overlap mean between assemblages and
stations within a transect was only 0,1603,

Two major patterns of superdominance and trophic-
type segregation were shown. When the species complex
of each assemblage was arbitrarily divided into major
and minor components (Table 3), the assemblages
were shown to result predominantly from one or two
species,

Asairy was dominated by Branchiostoma carib-
bacum. B. caribbaewm represented a range of 23.8 to
63.8% of numbers of organisms (#=4049%) and a
range of 59.3 to 87.7% of biomass (£= 71.8%). The
second most common species was Acanthohaustorius
sp. which was a constant component only in samples
from Sopr.

Mar. Biol.

The minor components were responsible for the
overlap between assemblages. If the ubiquitous
Nassorius vibex is ignored, Ophiophragmus filograneus
is the primary source of overlap between A,y and
A Asaurry and Az ave related by Diopatra cuprea,
Pennixia sp., and Onuphis eremita oculoie. The large
overlap of Ay yimy and Agayi1, is due to Macoma constric-
to and T'agelus divisus. The percentage of biomass and
numbers of organisms for these species within the
various assemblages are presented in Table 3.

Trophic types of infaunal species are generally
poorly known. However, if the trophic types repre-
sented by the infauna are simplistically reduced to
three categories, filter feeders, deposit feeders and
others (herbivores, carmivores, andfor scavengers),

Table 4. Resulés of statistical testing for correlations between trophic parameters. Data form: form of daia
used in computation

Correlations between: Data form Significant ?  F,e5 Correlation
(& = 0.05) coefficient

Numbers of Biomass of Raw data Yes 34.553 0.762
filter feeders filter feeders Percentage Yes 59.7468 0.840
Numbers of Raw data Yes 5.060 —0.410
deposit feeders Percentage Yes 53.150 —0.825
Biomass of Biomass of Raw data No 2.826 —0.317
deposit feeders filter feeders Percentage Yes 69.128e —0.857
Numbers of Raw data Yes 23.550 0.696
deposit feeders Percentage Yes 62.192 0.845

» Of doubtful validity, since percentages of the two correlated parameters are not independent.

Ajcusw was dominated by Tagelus divisus with a
range from 16.7 to 93.0% of numbers of organisms
(#= 71.9%) and a range from 30.8 10 99.8 %, of biomass
(2= 69.0%). 7. divisus ranked first in biomass in
all samples and in all samples but one (Sgy-spring)
with regard to numbers of organisms. Macoma
constricte, the second most dominant species, was
not a constant component in all the samples of the
assemblage.

Agprizy had only one non-ubiquitous species,
Upogebia affinis. This species did not dominate the
assemblage. Within this assemblage, species that
occurred in other assemblages fotaled 71.7% of
numbers of organisms and 63.79, of biomass.

2 If Fig. 2 is regarded as a matrix, M = my where i =1,2,...,
27 and §=1,2,...,27, then the mean of the temporal overlap
for the assemblages is (regarding the numerical matrix below
the main diagonal and ¢ as rows): 1/24 Z(May + Mee + Mey)

where =2+ 30, y=1+ 32, 2= 3 + 3n, and » = 0,1,2,3,4,5,
7,8.

8 Similarly, the mean of the nonassemblage, intratrangect
overlaps is: 1/54 (Zomy + Zmuw + Tmy,) where §i=17...9,
k=13...18, p»=22...27, j=1...6, 1-10...12,
g=19...21,

the biomass or numbers of organisms for the first two
trophic types were found to be inversely correlated
(Table 4). Correlations were also computed between
the three calculated sediment parameters (median
particle-size, sorting, and skewness) and the four
trophic parameters (numbers of deposit feeders,
biomass of deposit feeders. numbers of filter feeders,
and biomass of filter feeders). Significant correlations
were found between 509 of all trophic-sediment
comparisons (Table 5).

In tests for homogeneity (BMDOLV), all four
trophic parameters and two of the three sediment
parameters (median particle-size and skewness), were
found to be heterogeneous between the assemblages
(o= 0.05). The only sediment parameter for which the
null hypothesis of homogeneity was not rejected, i.e.,
sorting, was sufficiently diverse so that the null
hypothesis would have been rejected if o= 0.10
{(Table 4). MCNULTY et al., (1962) also found that there
was no significant correlation between trophic distribu-
tions and sorting. The mean percentages of biomass
and numbers of organisms for filter and deposit feeders
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and the means of the three sediment parameters for
the various assemblages are given in Table 4.

The heterogeneity of the measured sediment
parameters was reflected in their qualitative appear-
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to the exclusion of other organisms. The severity of
environmental conditions, i.e., desiceation and lack of
water cover due to being high on a sand beach, would
account for the lack of filter feeders.

Table 5. Results of statistical testing for correlations between trophic parameters (expressed as raw data and as percentages of total

biomass or numbersfsample) and sediment parameters. Only significant tests

(o = 0.05) are shown. F: F value of the test; C: correlation

coefficient
Sediment Deposit: feeders Filter feeders
parameters Raw data " Percentages Raw data Percentages
Biomass Numbers Biomass Numbers Biomass Numbers Biomass Numbers
Sorti F 5.1486 7.7582 6.6481 5.0649 7.1941
oruing . ¢ 0.0453 0.4866 —0.4583 —0.4104 —0.4727
Mean F 6.5095 9.3440
particle :
size C —0.0161 —0.0610
Sk - F 9.6043 7.3378 16.0913 10.7028 9.4220 9.9785
eWHess ¢ —0.0618  —248 - X + 0.6258 0.5475  0.0019 —0.0631
0.19 - X2

Table 6. Means of trophic and sediment parameters for 5 assemblages, 3 transects, and all samples. Homogeneity: one-way analysis
of variance F-value > Fo.05 (19,4) = 2.90 implies heterogeneity, data tested was raw data, mg biomass and numerical counts, and not
percentages for trophic parameters. See Fig. 1 for explanation of sample codes

Parameters A1(1;+M) Au:, T]_ Azu Ag(M+L) Tg A3(M+L) T3 Total Homo-
sample geneity
mean

Trophic parameters

Filter feeders Biomass (%) 5.8 4.7 5.3 9.8 75.0 424 32.9 15.7 214 16.8700
Numbers (%) 3.0 1.0 2.0 5.7 63.2 34.5 8.6 11.3 15.9 38.5742
Deposit feeders Biomass (%) 91.3 59.0 75.2 82.6 11.9 47.3 55.9 60.1 60.9 3.3514
Numbers (%) 91.4 53.1 72.3 80.3 11.3 45.8 75.2 66.1 61.4 4.9590

Sediment parameters :

Sorting (¢ &) 0919 0.856 0.887 1.236 0.582 0.909 0.908 0.819 0.872 28013

Skewness (Sk &) —0.518 —0.079 —0.296 —0.742 0.716 —0.013 —0.341 —0.503 —0.271 3.4954

Median particle size o} 2.716  3.080 2.898 2107 2.522 2314 2284 2458 2.557  6.1097
(mm) 0152 0418 0435 0232 0474 0203 0208 0482 0170

ance. It will be remembered that the original criteria
used in determining transect locations were sediment
color, texture, ability to support weight, and odor.
These qualities all contributed to a qualitative ranking
of inereasing organic content and decreasing coarseness
from Transects 2 to 3 to 1. This trend, judged a prior:
to sampling, paralleled the shift of trophie types from
filter to deposit feeders and the decrease in median
particle-size on the transect level (Table 6).

A striking anomaly is that, in Ayy, deposit feeders
predominated in the sediment with the coarsest Mg.
A,y is dominated by Ophiophragmus fillograneus almost

Discussion and conclusions

The major areas of emphasis in this study are the
factors related to trophic group-sediment type
relationships and the faunal assemblages indicated by
the trellis diagrams. Before these areas can be explored,
certain limitations of the study should be clarified.
The mesh size used, while common to benthic studies,
has been judged by RErse (1959) to be too coarse to
adequately determine faunal diversity. This judgement
is somewhat supported in that only two of the five
assemblages (Agariry and Agmiry) were shown to be
adequately characterized based on species-area curves.
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The degree of confidence in biomass figures is higher.
The mesh size used should have been fine enough to
collect over 939% of the biomass (RyrsH, 1959). The
samplearea, 0.4m?, was four times the area recommend-
ed by THorsoN (1957) for intertidal areas. Comparisons
of biomass and numbers of organisms on a per square
meter basis to other benthic studies suggest that
biomass and numbers of organisms per unit area found
in this study were not abnormal, and that statements
based on biomass figures should be reasonably valid.

A common concept in benthic animal-sediment
relations is that the feeding type of the infauna is in
some way correlated to the sediment. The actual
correlation between the animal’s feeding type and the
sediment has been suggested to be due to a direct
causal relationship of the sediment controlling trophic
distribution (SaxpERs, 1958), a coincidence of water
movement factors controlling trophic distribution
(SANDERS, 1958; McNuLTY et al., 1962), and an amen-
salistic effect of one trophic type on another mediated
by the sediment (REOADS and Young, 1970).

The first two suggestions, direct causality and
coincidental correlation, have been suggested for
deposit and filter feeders, respectively (SANDERs,
1958). Sediment parameters can be divided according
to both of these correlation hypotheses. Direct causality
would be related to static factors such as the percentage
of a certain size fraction, while coincidental correlation
would be related to dynamic factors such as settling
velocities, turbulence, and transport of particles.

SawpERs (1958), by theoretical consideration of
the dynamic factors, derived the value for the optimal
median grain-size for filter feeders as 0.18 mm and
was able to obtain confirmation of this prediction
from empirical data from Buzzards Bay. SaNDERS
(1958) also found that, at stations where deposit
feeders predominated, the silt-clay fraction showed
relatively uniform high values (50 to 90%). McNuLty
et al., (1962) found that the median grain-size in sedi-
ments which supported the highest biomass of filter
feeders was 0.4 mm, and concluded that the fine
fraction of the sediment did not play the same role
in Biscayne Bay as it did in Buzzards Bay. This
conclusion was based on the fact that the two stations
most dominated by deposit feeders in Biscayne Bay
were characterized by 1.5 and 51.39% silt-clay.

The data from this study supports SANDER’s (1958)
optimal median grain-size prediction as well as the
statement by McNuLTY et al., (1962) concerning the
importance of the silt-clay fraction in Florida sedi-
ments. Examination of Table 6 shows that the assem-
blage most dominated by filter feeders, Apm.iry, had
a median grain size of 0.174 mm. Comparison of
Tables 1 and 6 shows that the assemblage most
dominated by deposit feeders, A;w+m), has a high
variance in the silt-clay fraction (1.30 to 22.099%), the
highest value of which is still below SaxDERS’ (1958)
values.

Mar. Biol.

The third correlation hypothesis, that the infaunal
trophic type-sediment correlation takes the form of
trophic group amensalism, has been proposed by
Ru0ADS and Youxne (1970). The generalization that
suspension feeders are largely confined to sandy or
firm mud-bottoms, while deposit feeders attain high
densities on soft, muddy substrata is borne out by
this study. This contentionis supported by the moderate
filter-feeder biomass of Azmrir) and the qualitative
judgement of the sediment along Transect 3 as being
firm mud as well as the distinet sediment and trophic
segregation shown by Ajwim and Aperrsy-

SANDERS (1958) has suggested that filter feeders
are controlled by dynamic water-sediment interactions
such that if the sediment were too coarse (median
grain size> 0.18 mm), substratum motility would
hinder filter feeders, and if the sediment were too
fine, this substratum condition would indicate in-
sufficient organic suspension in the area. Deposit
feeders were suggested to be controlled by the organic
content which, in turn, was highly correlated with the
clay fraction. Rroaps and Youne (1970) have sug-
gested that a prime determinant of filter-feeder
distribution is the oceurrence of deposit feeders which
rework bottom sediments. The latter hypothesis would
help to explain sediment-trophic anomalies such as the
relatively high biomass of filter feeders in muddy
sediments (Ag4ry) and the occurrence of assemblages
dominated by deposit feeders in sediments with low
silt-clay percentages (conceivably resulting from the
exciusion of filter feeders). The former hypothesis
does not encompass these anomalies.

SANDERS’ (1958) analysis of the optimal median
grain-size for filter feeders can still hold, since the
analysis implies that the dynamic factors resulting in
the optimal grain size would also result in the best
sorted sediment. The best sorted sediment would be
expected to be free of the amensalistic effects of deposit
feeders. This suggestion is substantiated by Asaur),
which had the best sorted sediment, a median grain
size of 0.174 mm, and was the assemblage most heavily
dominated by filter feeders. Filter feeders were posi-
tively correlated to sorting (or more precisely, nega-
tively correlated to sorting coefficients) and positively
correlated to skewness (Table 5).

The second major area of emphasis in this study is
the delineation and description of communities. Five
asserblages (areas of high overlap) are shown in the
trellis diagram (Fig. 2). Two of the five assemblages,
Ayy and Ay, consisted of only one spatial location and
derived their overlap by temporal consistency, These
two assemblages will not be considered further due to
paucity of data and, for Ayy, due fo paucity of orga-
nisms (presumably related to severe environmental
stress associated with the station’s position).

Analysis of the indices of affinity for a population
of benthic studies (SANDERs, 1960) yielded a mean of
42.7 and a standard deviation of 11.45. If the similarly
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computed means of the indices of affinity for the three
remaining assemblages are compared to these values,
Aym+ry and Ajuim lie above the mean by 0.36 and
1.46 standard deviations, respectively, while Agarir
lies below the mean by 1.67 units. Although the indices
of affinity for all three agsemblages fall within the
range of published values (SawDERs, 1960), more
confidence can be placed in the characterization of
Ajusmy and Apayyry ‘as communifies than can be
placed in a similar characterization for Asappir,.

The TrorsoN definition of a community, derived
from PETERSEN’s benthic studies, is that “benthic
communities are not just abstractions from species
lists, but are concrete, biologically organized, ecological
entities” (from: Mirrs, 1969). A PETERSEN-type
community is characterized by, and is given the name(s)
of one or several dominant, non-predaceous, non-
seasonal, non-ubiquitous, and visually conspicuous
species (THORSON, 1957). Since the trellis diagram was
originally employed within a similar conceptual frame
(MacraDYEN, 1963) and has been used to identify
PrTERSEN-type communities within the benthos
(SaxpERs, 1960), an attempt could be made to
characterize the three remaining assemblages in the
study area according to THORSON’s criteria.

The pattern of superdominance within the three
remaining assemblages casts doubt upon the use-
fulness of the PETERSEN concept. With the exeeption
of the superdominant species, in A;rsmy and Asariry,
there was not a consistent pattern of species occurrence
or dominance within the assemblages. In general, the
occurrence of any particular species execept the super-
dominant, varied through time and space.

The  third assemblage, Asarir), although suffi-
ciently coherent to appear as an assemblage on the
trellis diagram, showed substantial overlap with the
other two assemblages. The interrelationship between
A and Aganqry was negligible (overlap & =0.0054),
while the overlap between Ajapiry and Ajwyyy and
Agu41) was more substantial (£ = 0.1545 and & = 0.0558,
respectively).

This pattern of overlap between the three assem-
blages resulted from a lack of shared elements between
Ay and Apayyry and the presence of shared ele-
ments between these two assemblages and Azpriry.
Of the seven species with 19 or better of numbers of
organisms or biomass within Asair), two of the species
were shared with Ajwyy, two were shared with
Aym+1y, and one was shared with both of the other
assemblages (Table 3). Only 109% of numbers of
organisms and 23.4% of biomass was represented by
all the non-shared species of Ajaix) and one species,
Upogebia affinis, accounted for 519, of non-shared
numbers of organisms and 92.7% of non-shared
biomass. Thus, Azari1,) appears to have been an inter-

L2 =1/36 Xmywhere:=13...18andj=1...6.

5% =1/36 Zmywheree=22...27andj=1...6.
82 =1/36 Zmywherei=22...27andj=13...18.
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digita.tion of AI(U+M) and A2(M+L)- This assemblage
was then a functional, although not a spatial, ecotone.

Overall, the PETERSEN community concept does
not appear to easily encompass the assemblages
delineated by the sampling. STEPHENSON et al. (1970)
also arrived at the same conclugion, but for different
reasons. In Moreton Bay, there were no dominant
species associated with any community other than
the superdominant pattern found in the assemblages
under consideration. The conclusion reached by
STEPHENSON et al. (1970) that PETERSEN-type com-
munities could be not recognized, would also seem to
apply to this study.

The alternative is to espouse a view of communities
as abstractions from econtinua of distributions of
member organisms (M1rrs, 1969). A general justifica-
tion for this view has been expressed by Jomnsow
(1970). Support for this view is shown in this study.
The lack of a consistent multi-species dominance
pattern combined with superdominance by one species
tends to invalidate the use of the PETERSEN community
concept in this study. The existence of a clear example
of a functional ecotone “‘community’ serves to support
the community-as-an-abstraction view. Thus, with
respect to this study, a view of communities as ab-
stractions from continua of distributions rather than
the PETERSEN-type communities would seem to be
more justified.

Summary

1. Five assemblages were identified by utilization
of a trellis diagram. Filter feeders were found to be
inversely correlated to deposit feeders, 4 trophic
parameters (numbers of organisms and biomass of
filter feeders and numbers of organisms and biomass of
deposit feeders) and 3 sediment parameters (sorting,
median particle size, and skewness) were tested for
correlations, and significant correlations were found in
509, of the cases. All 4 trophic parameters and median
particle size and skewness were found to be hetero-
geneous between the assemblages.

2. A prediction of the optimal grain-size for filter
feeders (0.18 mm) was supported, the variance in the
importance of silt-clay fractions to deposit feeders
between Florida sediments and Buzzards Bay' sedi-
ments was reaffirmed, support for the trophic group-
amensalism hypothesis was shown and an attempt
was made to relate the optimal grain-size analysis to
the trophic group-amensalism hypothesis.

3. Of the five assemblages which were identified,
two were dismissed due to lack of data, two were
judged to be reasonably valid communities based on a
comparison of indices of affinity to other recognized
communities, and the last assemblage was judged to
have questionable status as a community due to a low
index of affinity. Superdominance was found within
the two valid communities. The questionable com-
munity was shown to be an interdigitation of the two
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valid communities and was judged to be a functional,
although not a spatial, ecotone. Based on the demon-
stration of an ecotone “community’’ and the lack of
a consistent multi-species dominance pattern, a view
of communities as abstractions from continua of
distributions was supported over a PEIERSEN-type
community concept.
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