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SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

This report on the macrobenthos (bottom dwelling organisms) includes
a description of the temperature, salinity, dissolved oxygen levels,
and sediment composition of the Pamlico River estuary during 1968-1969.
Salinity ranged from 0.5 to 20 ppt and temperature from 41 to 88° F.
Anoxic (no dissolved oxygen) conditions in the bottom water overlying
the deeper portions of the estuary occurred in late summer due to
stratification of the water column. Two distinct sediment types were
found in the estuary: a sand substrate in the shallow areas and a
silty clay substrate composed of 60 to 70 percent clay-sized particles
in the deep areas.

The macrobenthos showed low diversity and density due to stressing
conditions of low salinity, unfavorable sediments, and anoxic conditions
in the deeper areas; this community is, therefore, a fragile system
susceptible to the effects of pollution. Only 36 species were found
throughout the year in the estuary and the Shannon-Weaver diversity
index showed low values of 0.66 to 1.77. The maximum number of
organisms at any station was 629/m2. Such low diversity is typical
of low salinity estuaries. In addition, changes in the sediment
composition throughout the year indicated that these substrates are
an unstable adverse environment for the benthos. Also, the mud
sediments contained high amounts of clay-sized particles that are
unfavorable for benthic organisms. The absence of life in the deeper
portions of the estuary in late summer and fall was correlated with
the anoxic conditions in these areas due to the stratification of

the water column. Such communities with low diversity existing in



harsh enviromments are fragile systems that are easily affected by
environmental changes, and are thus useful as indicators of pollution.
A seasonal sampling program showed vast changes of species
composition, range of distribution, and community delimitation due to
fall and spring spawning of the macrobenthos. Whereas only 18 species
were found in the preliminary July 1968 samples, 28 to 29 species were

found in the fall, winter, and spring sampling program. A few species,

e.g., the‘glam Rangia cuneata, showed little change in density and
;;;ge.ﬁf distribution, but most of the benthos underwent great
fluctuations due to recruitment of new set. These changes resulted
in changes in the community areas in the estuary. Future studies of
the effect of pollution on the benthos must take into account these
naturally occurring changes.

Phosphate mining and the increase of organic enrichment from
sewage are two possible pollution factors that could affect the
bénthos by a further decrease of the dissolved oxygen levels in the
deeper portions of the estuary. An increase of phosphates in the
estuary due to mining gctivity, combined with rising nutrient levels
of ﬁitrogen from sewage and wastes, wquld increase primary productivity
and result in increased amounts of detritus in the river. The increased
oxygen demand could further intensify the anoxic conditions of the
water column. This affects not only the benthos in the mud sediments,
but also important commercial species, e.g., flounder and crabs, that

suffer kills due to low oxygen levels when the water column is mixed

in early fall.




Another possible source of change, the proposed 40 foot channel
into the estuary, could intensify these kills by increasing,ﬁhe volume
of‘aﬁoxic water mixed at the time of turnover, and also affect the
benthos by salinity changes, dredging activity, and spoil deposition.
This channel could even result in lowering the salinity of the shallow
areas of the estuary. Since lower salinities would eliminate many of
the estuarine organisms found in the estuary, it is suggested that a
physical model of the Pamlico River be used to determine exact salinity
changes expected by the channel. Suspended sediment materials from
dredging activity could adversely affect the benthos by further
intensifying anoxic conditions due to the biological oxygen demand
(BOD) of the organic matter, and by direct effect on the planktonic
larvae, 1In aéqition, siltation would smother the bottom surface énd
decimate the benthos. It is, therefore, suggested that such effects
be minimized by containment of dredging areas and timing the dredging
to avoid the fall and spring periods of spawning of the benthos. 1In
the Pamlico River estuary, the most important areas of benthic
productivity are the wide shallow sandy zones, and spoil deposition in
these areas would result in drastic reduction and possible elimination
of the benthos over wide portions of the estuary. To avoid this
depletion, it is recommended that spoil banks not be used to dispose of
dredged material from the channel.

A fourth possible source of change, a recently proposed highway-
hurricane dam complex across the Pamlico River estuary, would drastically
alter the benthos due to a significant decrease of salinity, and would

hamper migration movements of fish and crabs and tramsport of planktonic



larvae. Since these effects are undesirable, it is suggested that an
open causeway bridge construction be considered to avoid the problems

of an earthen dam system.




ABSTRACT

A study of the macrobenthos and its environment in the Pamlico River
estuary, North Carolina, included measurements of salinity, temperature,
and dissolved oxygen, as well as the particle size and organic matter
concentrations of the sediments. Salinity ranged from 1 to 20 o/oco,
and temperature from 5 to 31° C. Anoxic conditicns in the bottom
water overlying the deeper portions of the estuary occurred in the
late summer. Two distinct sediment types were found: a sand sub-
strate in the shallow area, and a silty clay substrate in the deep
area of the estuary.

A preliminary sampling program in July, 1968 showed that the
macrobenthos had both low diversity and low density because of harsh
environmental conditions of salinity and sediment composition. The
sampling design for this study was stratification of the estuary
and equal random allocation of samples. Only 18 species were found,
and the Shannon-Weaver information diversity index (H) showed low
values of 0.66 to 1.77. 1In addition, low density values (maximum
number of organisms at any station was 629/m2) further indicate
that stressiﬁg salinity conditions and unstable sediment composition
are factors that make this estuary unfavorable for the benthos. The
absence of benthic life in much of the deeper portions of the estuary
correlated directly with anoxic conditions in these areas.

On the basis of trellis diagrams, the estuary was divided into

three areas: (1) an oligohaline zone dominated by Rangia cuneata

and Nereis succinea, (2) a mesohaline zone with a Macoma balthica-

Heteromastus filiformis-Nereis succinea association, and (3) a




polyhaline zone at the mouth of the estuary characterized by a Macoma

phenax-Mulinia lateralis-Glycera dibranchiata association.

A seasonal sampling program, using transects located in these com-
munities, showed vast seasonal changes in species composition, range of
distribution, density, and community delimitation caused by the new set
of planktonic larvae in the estuary. A total of 36 species was found
during this 1968-1969 sampling program. Although a few species, such

as Rangia cuneata and Nereis succinea, showed relatively little change

in densities and range of distribution, most of the benthos underwent
great fluctuations due to recruitment from new set., Settling periods
in the fall and spring added large numbers of juveniles to the benthos,
not only in the deeper portions where re-establishment of life was
found after the late fall mixing destroyed the anoxic conditions, but
also in the shallow areas as well. Due to this recruitment of new
set, the community areas in the estuary changed so drastically during
the year that a great homogeneity was found throughout the estuary
during the winter and spring sampling periods. However, the com=-.
munities noted in the preliminary sampling reappeared in the summer.
Thus the macrobenthos undergo significant seasonal cycles in the

Pamlico River estuary.
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INTRODUCTION

The benthic community is an important part of the fauna of estuaries,

but except for the species with obvious commercial value, has been little

studied. In fact, our knowledge of the benthos in all marine environ-
ments is largely restricted to descriptive studies. Earlier workers
studied the natural history of the benthos and autecological relation-
ships. However, starting with Peterson (1924), researchers used
quantitative sampling methods and began to describe benthic communities
and ;he environmental factors that might be affecting them. One example
of this approach is the animal-sediment relationship studies of Sanders
(1958, 1960). Another important area of study is the obvious faunal
changes throughout the year, but few studies deal with seasonal

changes of the benthos.

Because of the limited knowledge about the ecology and communities
of benthic animals in general, and estuaries in particular, I chose to
study intensely a low saline estuary, the Pamlico River in North
Carolina. This study is a description of the density, distribution,
and community organization of the macrobenthos over a period of 'a year.
To help develop a sampling plan, this estuary was sampled in July,

1968 and the data analyzed with trellis diagrams to delimit community
areas. The term "community" is used here to describe benthos in terms
of related species distribution, grouping together organisms that
frequently occur together under similar environmental conditions and
are a pari of each others biological enviromment. On the basis of

these preliminary data, a seasonal sampling program of transects

of the estuary was planned and then carried out in 1968-1969. The changes
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found in the benthos were studied in terms of species presence and
absence, range of distribution, density, and community organization.

This study also included an investigation of relationships of the
benthos to salinity, dissolved oxygen, and sediment composition in the
Pamlico River estuary. The importance of salinity on estuarine
organisms is well documented, and this is likely the single most
important factor affecting the distribution of the benthos (Gunter,
1961; Kinne, 1966). Dissolved oxygen levels can also exert tremendous
effect on the distribution and occurrence of benthic organisms, |
espeéially in those marine environments where stratification of the
water column results in anoxic conditions in the water overlying the
bottom (MacIntyre, 1968; Coull, 1970). Sediment composition has also
been shown to influence the distribution of the benthos (Sanders,
1958, 1960). 1In this study, the sedimentary factors considered were
the gross differences between sand and mud substrates, including
particle size differences within these two broad substrate types,
and the organic matter concentrations in the sediment.

There are many descriptive studies of the benthos, but the study
of benthic ecology really began with Peterson's (1924) investigations
in the North Sea that proposed to (1) establish the major benthic
communities, (2) characterize their environment, and (3) delimit
their distribution. Since then, Thorson (1955, 1957) developed the
concept of parallel community as an aid in the description of the
benthos. Drach (1960) and Carriker (1968), reviewing the field of
benthic ecology, have emphasized the rudimentary state of our

knowledge of the benthos and the need for future research, even of




3
basically descriptive studies to attain the rather limited objectives
of Peterson.

This scarcity of information about the benthos is due perhaps most
of ail to the difficulty of sampling and the non-uniformity of sampling
techniques. The difficulty of "blind" sampling has hindered precise
and accurate description of the benthos and has made it necessary to
take large numbers of samples. This means that good benthic studies
are tedious, time consuming, and expensive, factors that often preclude
large scale or long term projects (Longhurst, 1959). Another difficulty
is the problem of interpreting much of the data cbtained due to the
virtual noneﬁistencelof standardized sampling procedures. For example,
numerous sampling devices are used and all take different sized samples
and penetrate the sediment to different &epths, Also, workers use
different mesh sizes for screening samples and a variety of metheds of
presentation and analyses of data.

Due to these difficulties, most of the benthic research has been
descriptive and only recently have the communities and the environmental
factors affecting them been investigated. For instance, the investiga-
tion of animal-sediment relaticnships began with the 1947 paper of
Ekman, but Sanders (1960) was one of the first to point out differences
in the sand and mud communities. Since then, numercus workers have
followed this approach of using sediment differences in delimiting and
studying benthic communities (McNulty, Work, and Mocre, 1962; Buchanan,
1963), and Rhodes and Young (1970) have thoroughly studied the role of
deposit feeders in mud communities. Other recent studies have deait

with the diversity and stability of the deep sea benthos (Sanders,
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1965; Hessler and Sanders, 1967). However, even though several workers
have described seasonal changes in the density of benthic organisms
(Dexter, 1944; Coe, 1956; Aldrich, 1961), knowledge of the effect of
such changes on estuarine benthic communities is scarce.

Although several studies have described the benthos off the coast
of North Carolina, there is little information on the oligohaline and
mesohaline estuaries of this region. Cerame~Vivas and Gray (1966) studied
the distributional pattern of the macrobenthos on the continental shelf
off the coast of North Carolina and Brett (1963) investigated the
distribution and animal-sediment relationships of the benthos in Bogue
Sound. However, there are no available data on the benthic communities
in the large, low saline estuaries of the state, 1In fact, a recent
review of our present knowledge of such systems (Copeland, Tenore and ~
Horton, 1970) pointed out our rudimentary understanding of ecological
conditions . in these low salinity estuaries.

The Pamlico River can be described as an cligohaline-mesohaline
system according to the Venice classification of brackish waters.

This system for classifying estuarine systems by their salinity
ranges is generally accepted as a valuable aid in the description

and investigation of estuaries (Segestrale, 1959). According to this
classification, an oligohaline estuary has a salinity range of 0.5 to
5.0 o/oo, and a mesohaline estuary from 5 to 18 o/oo. The Pamlico
River is a continuation of the Tar River and extends from Washington,
North Carolina, for about 65 km to Pamlico Sound (Figure 1). This
estuary is wide and shallow, with large expanses of Ruppia and

Potomogeton weed beds in the wide sandy areas along the shore.




Figure 1, The location of the Pamlico River estuary on the

coast of North Carolina
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The average depth in the shallow areas is 1 m and in the central
muddy areas it is 2 to 3 m. The salinity in the Pamlico River ranges
from 0.5 to 20 o/oo, and can, therefore, be considered an oligchaline-
mesohaline system. This low salinity regime is due in part to the
great amount of fresh water runoff entering the estuary. Although the
buffering effects of the Outer Banks along the coast of North Carolina
effectively diminish the amplitude of the lunar tide (average of 15 cm)
(Jarrett, 1966), the estuary is subject to strong wind tides (Roelcfs

and Bumpus, 1953).
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MATERIALS AND METHODS

Salinity, temperature, and dissolved oxygen data were collected
from 12 stations (Figure 2{(a)} in the Pamlico River estuary during
1968-1969. These stations extended throughout the length of the
estuary and were sampled every two weeks. Salinity and temperature
were measured with a Beckman RS-5 salinometer and dissolved oxygen by
s modified Winkler titration procedure {(Carpenter, 1965).

During July 1968, a preliminary sampling program was carried out
to identify and describe the benthos of the Pamlico River estuary.

On the basis of hydrographic data, the estuary was divided into six
strata (Figure 2(b}). These strata were further divided on the basis
of depth into shallow {0 to 2 m) and deep (»2 m) substrata, the
shallow substratz including both sides of the river., In the Pamiico
River, these substrata also represent division intc mud and sand
environments. The sampling design was an equal random allocation of
four stations per substratum, with three samples taken at each station.

On the basis of the divisions of the benthos noted in this
preliminary survey, a seasonal sampling program was designed and
carried out during 1968-1969. For this study, four transects across
the river (Figure 2(c}) were established and each was divided into
three strata on the basis of depth: shallow {0 to 1 m), middle (1 to
2 m), and deep (»2 m). The challow and middle strata included both
sides of the river. Again, there was equal random allocation of
three stations per stratum, with three samples taken at each station.
Four sets of samples were collected in the estuary during the year:

fall (October), winter (January), spring (April), and summer (July).




Figure 2, The location of sampling stations in the Pamlico River
estuary: (a) hydrographic stations, (b) strata for the
preliminary July 1968 sampling of the macrobenthos, and

(c) transects for the seasonal sampling of the

macrobenthos
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A Van Veen grab with a sampling area of 0.2 m2 was chosen as the
most suitable sampler for this study. This dredge works well in sand
and mud sediments found in the Pamlico River estuary and also has depths
and angle of penetration characteristics that to a great extent avoid
the problems of "edge effect" (Lie and Pamatmat, 1965).

In this study, a 1 mm screen was used to retain smaller juvenile
forms of the macrobenthos (Reish, 1959)., This screen size was the
smallest possible mesh that still gave a realistic sieving time.
Immediately upon collection, and still aboard ship, the samples were
washed on the screen with sea watér, the organisms picked out, and
preserved in 80 percent alcohol.

Sediment samples from each station gave particle size distribution
and organic matter content., Standard sieving techniques (Dawson, 1959),
using a graded series of sieves, was used to divide the sand sediment
into four size categories, and the size distribution, median particle
size, and sorting coefficient were calculated. With mud samples, the
hydrometer method, using a Bouyoscous hydrometer (Day, 1965), gave the
particle size composition. The mud sediments were not treated with
H202 before analysis because this technique for the removal of organic
matter did not appreciably affect the particle size results (Day,
1965). For classifying sediment types, the textural diagram introduced
by Shepard (1954) was used. The Wentworth scale (Inman,_l952) was used
to describe grain size: sand (>0.0625 mm), silt (0.0625 to 0.0039 mm),
and clay (<0.0039 mm). Within the sand particle size range, the
classification used was coarse (>0.500 mm), medium (0.500 te 0.250 mm},

fine (0.250 to 0.125 mm), and very fine (0.125 to 0.0625 mm), In order
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to describe several statistical properties of the sediments, cumulative
curves were drawn by plotting the logarithmic particle size scale along
the horizontal axis and the frequency scale (percentage composition) of
0 to 100 percent along the vertical axis. The median diameter is the
particle size at the point where the sumulative surve intersects the
50 percent line. The sorting coefficient (SO) is a geometric measure
of the spread of the cumulative curve of the sediment. The coefficient

is calculated by the formula:

where Ql and Q3 are the first and third quartiles determined as the
particle size diameterskcorresponding to the intersection points of
the curve with 25 percent and 75 percent, respectively. A small
portion of sediment was frozen aboard ship and later analyzed for
the percentage organic matter, using a chromic acid oxidation technique
and titrating for residual chromic acid (Wakeel and Riley, 1957).

The faunal data were subjected to diversity and trellis diagram
analysis, as well as Fager's determination of recurrent groups to
determine ecolegical characteristics of the benthos. Species diversity

was calculated by the Shannon-Weaver information index:

H = - Z(piln pi)
where Py is the proportion of the ith species in each sample (Pielou,
1966). Analysis of areas of community groupings in the estuary was
calculated by standard trellis diagram techniques (McFayden, 1963),

using an index of affinity introduced by Sanders (1960). This index
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is a measure of the percentage of the fauna common tc s pair of samples.
To obtain this, the percentage composition of the species in =ach
sample is calculated, and all possible pairs‘af gsamples are compared.
The index wvalue is determined for each pair by summing the smaller of
the two percentages for those species present in both samples. For
example, if two samples (sample 1 containing 25 percent of speciés a,
20 percent of species b, and 55 percent of species c¢; sample 2 con-
taining O percent of species a, 60 percent of species b, and 40 per=-
cent of species c) are compared, the index of affinity would be 60
percent, the sum of 0, 20, and 40 percent. The samples in the

trellis diagram are then rearranged so that the samples with th

®

[ECN

highest values are brought into closest proximity. Thus, the samples
that are most alike are grouped together.

Fager's determination of recurrent groups (Fager, 1957} was used
to establish any group{s) of organisms that cccur together in the
estuary. This procedure uses t tests as an index of relationship
between species as the basis for grouping of organisms. Groups of
species are chosen that include the greatest number of apecies whose
occurrences are significantly corfelaﬁed. The analysis then selects
those groups that will give the greatest number of groups without
species in common and that occur as & unit in the greatest number
cof samples. Thus, the recurrent groups based on this index of
affinity are composed of species that very frequently form a part of
each other's biological environmment. A computer program was written

to calculate the determination of this statistic.
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RESULTS

Hydrographic Data

The temperature of the bottom water in the Pamlico River estuary
(Appendix Table 1) showed little change at any sampling time over the
length of the estuary, but marked seasonal changes were observed during
the year. The range of temperature over the year was 5 to 31°C.
There was a 1 to 29C range of temperature over the length of the
estuary at each sampling time. The average temperature in winter was
5 to 10°C, and in summer 25 to 30°C.

The bottom salinity profile of the estuary during 1968-1969
(Figure 3) shows salinity changes occurring both among stations and
from month to month. During this period, the salinity ranged from 1
to 20 o/oo and the salinity graduall§ declined from the mouth to the
upper reaches of thé estuary.

There was a definite sharp deoxygenation during the late summer
and early fall period in the estuary (Figure 4). During this period
the dissolved oxygen levels fell below 0.5 ml/l, the lower limit of
the modified Winkler technique. This occurred throughout most of the
estuary with the exception of station 1 located at the mouth of the
river. Here, the greater wind and current action prevented the
stratification of the water column. It should be kept in mind
that the hydrographic stations were located in the center of the
estuary in deeper waters overlying a mud substrate. The anoxic
conditions did not occur in the waters of the shallower sandy shore

areas where the wind mixed the water column.




Figure 3. Salinity profile of the bottom water in the Pamlico

River estuary during 1968-1969




16

Ol

/,/ LSl /
Loz

Lgz

ALINITVS
"H3alvVM Wollos



Figure 4., Dissolved oxygen profile of the bottom water in the

Pamlico River estuary during 1968-1969
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Benthic Data from the Preliminary Study

Sedimentaiy Data

Analysis of sediment from the July 1968 sampling (Table 1)
revealed that there were two quite distinct substrate types, sand and
mud, in the Pamlico River estuary. The bottom of the shallow zone of
the estuary is a predominantly medium to fine grain particle sand,
with a median particle size ranging from 160 to 420 y and sorting
coefficients of 1.23 to 2.14. Sorting coefficients less than 2,5,
Such‘as those found for these sand sediments, indicate a well sorted
sediment composed of a small range of particle size. There were no
gignificant differences in particle size composiﬁion of the sand
sediments through the length of the estuary. In the deep zome there
is a mud sediment that can be characterized by Shepard's textural
diagram as a silty clay substrate. This sediment contains from 49 to
71 percent clay-sized particles. In general, a finer substrate exists
upriver: in strata C, D, and E, the median particle size is 1.2 to
1.5 y; in strata F, G, and H, the median ranges from 2.4 to 5.3 .

A higher concentration of organic matter exists in the mud than
in the sand sediments, and also in the upriver than in the downriver
sediments, The mean organic matter content in the mud was 4.23
percent versus 0.57 percent. in the sand. In the mud samples, the
mean for strata C and D was 6.5 percent compared to 4.0 percent for
strata E, ¥, G, and H. It is likely that sediments containing
greateyr concentrations of clay materials bind a larger percentage
of organic matter than do coarser substrates. Also, the organic

matter percentages are higher upriver due to the large amounts of
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Table 1 (continued)

a ZOSandb - o e o Me?n Sorting % Organic
Sample Coarse Medium Fine V?ry Z 8ilt % Clay p?rtlcle coefficient matter
fine size (W)
D7 8.0 29.0 63.0 1.4 — 7.01
D8 8.0 21.0 71.0 1.2 — 6.90
El 3.7 69.2 25, 1.3 -0.2 330 1.35 0.20
E2 0.4 1.6 81. 15.6 0.4 170 1.45 0.30
E3 2.4 52.0 41. 3.2 0.1 270 1.40 0.17
E4 25.2 43.5 29. 1.8 0.2 320 1.49 0.13
E5 7.0 29.0 64.0 1.5 - 3.86
E6 - 5.0-———=r——— 32.0 63.0 1.4 - 5.10
E7 - 3.0 35.0 62.0 1.4 - 4,24
E8 9.0 29.0 62.0 1.3 - 3.86
F1 1.0 33.8 64. 1.4 0.1 200 1.39 0.53
F2 11.0 43.4 39. 3.4 2.4 270 1.48 0.58
F3 0.9 12.4 64, 21.5 e 0.7-=——- 160 1.23 0.24
F4 14.0 35.0 44, 4,2 0.2 240 1.54 0.20
F5 —— 1.0 — 43,0 56,0 2.4 - 3.20

1c
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organic materials carried into the estuary from the Tar River and

deposited in the sediments.

Faunal Data

The preliminary sampling of the fauna {(Table 2; showed the macro-
benthos of the estuary to have both low species diversity and density.
A total of 18 species were found in the samples, and diversity values
ranged from 0.69 to 1.77, with most cf the samples dominated by one or
two species@ In the sandy shallow substrata, for instance, the clam,

Rangia cuneata, and the polychaete, Nereis succinea, made up 96 percent

of the faumna of stratum C, and the clam, Macoma balthica, made up

69.3 percent of the fauna of stratum E, 69.9 percent of stratum F, and

79.3 percent of stratum G. Only in stratum H was 3 more diverse fauna

. found with 15 species present and a diversity index of 1.49. 1In

general, diversity increased from the upper reaches to the mouth of

the estuary. Such an increase in diversity Is characteristic of
estuaries since the number of species is greater with higher salinities
{(Gunter, 1961}. In the deep muddy substrata, organisms were absent

in C and D and extremely scarce in E, F, and G. Only in the deep

his absence or low

—j

substratum of H was a more diverse fauna present.
diversity in the deep substrata is probably due to the anoxic conditions’
during the summer pericd. ‘

The distribution ranges and densities of the various species
suggested that there were three zones with different faunasl assemblsges.

This assumption was tested by the trellis diagram method (Figure 5)

and again, three divisions cf the estuary were noted:




Table 2. The average numbers (#/mz) of the macrobenthos found in the preliminary sampling of the
Pamlico River estuary «

Species Strata C Strata D Strata E Strata F Strata G Strata H
P Shallow Deep Shallow Deep Shallow Deep Shallow Deep Shallow Deep Shallow Deep
Nemertinea
Species a - - 8 - 14 — 10 - 29 — 13 ——
Polychaeta
Glycera
dibranchiata —_ — - - —_ — —_ —-— 1 - 3 5
Haploscoloplos
fragilis — - - — - - - - 8 —_ 1 -—
Heteromastus .
filiformis - - 29 - 26 - 41 - 49 3 5 6
Loimia medusa - o - —— - — —— - - e 4 5
Nereis succinea 81 - 16 —— 6 - 19 4 13 6 13 3
Pectinaria
gouldii - —_ - — - —— - - — - 15 -
Spiophanes
bombyx - - - - - - - — - - 6 —_
Mollusca

Macoma balthica 1 - 81 —— 141 274 221 278 503 131 11 5

€T
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Figure 5.

Trellis diagram of index of similarity of sampling
substrata of the preliminary July 1968 sampling of the
macrobenthos of the Pamlico River estuary; the letters
represent the strata from Figure 2(b); 1, the average
index of the shallow water substrata, and 2, the

average index of the deep water substrata
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(1) Stratum C. This is a true oligohaline area according to the
Venice classification. The area, Blounts Bay, is wide and shailow and
R. cuneata and N. succinea dominate the benthos.
(2) Strata D, E, F, and G. This large meschaline segment of the

estuary is dominated by M. balthica and the polychaete, Heteromastus

filiformis.

(3) Stratum H. This is the area at the mouth of the estuary.
It has generally higher salinities than the rest of the estuary and
is more comparable with the salinity found in the sound. Included
in the fauna assemblage are more typical estuarine forms, e.g., the

snail, Retusa canaliculata, the clam, Macoma phenax, and the poly-

chaete, Glycera dibranchiata.

Seasonal Benthic Data

Sedimentary Data

The sand sediments in the estuary changed in particle size
composition during the year (Appendix Tables 2, 3, 4, 5). Although
there was no gross change in sediment composition (i.e., all were
sand sediments), subtle changes did occcur in the grain size of the
sand component of the sediment (Figure 6). Throughout the year,
medium to fine sand predominated in the estuary. However, in
winter and spring, a greater percentage of fine sand was present
compared with the sediments in summer and fall, when larger amounts
of medium sand were found. These changes are due to variation of
wave and current activity during the year that scour the gediments

in the shallow water areas.




Figure 6. The seasonal changes in the particle size composition

of the sand sediments in the Pamlico River estuary
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The increased wave action in the winter washes coarser materisls
into the deeper areas of the estuary and a great compositional change
from silty clays to clayey silts is observed during the year (Figure
7). The mud sediments in the fall are mostly silty clay except for
the sand-silt-clay sediments at transect 1. However, during the
winter, the deep sediments in the estuary are composed of a larger
amount of sand and silt, and with the exception of silty clay at
transect 4 and sand-silt-clay sediments at transect 1, are all clayey
silt. The mud sediments in spring and summer are again silty clay.

'In general, organic matter conceﬁtrations in the sediment retained
the same relative relations in different areas of the estuary, with
higher levels upriver compared to downriveﬁ and in mud compared to.
sand, but overall levels changed during the year with higher amounts
present in the summer and fall. During all the seasons, the organic
matter levels were higher in the upriver tramsect 4 than in the
trangsects located further down the estuary, This is probably associated
with the "salting out' or flocculation of suspended materials at that
point where the fresh water meets saline water. The higher concentrations
found during the summer and fall in the sediments are probably related
to the high productivity of these seasons. In early spring, the
phytoplankton bloom adds a considerable amount of organic matter into
the estuarine éystem, much of which eventually settles to the bottom.
In the fall, the high levels of organic matter in the sediments can
be attributed to the import of large amounts of detritus from the
breaking off and decay of the aquatic‘macrophytes found in the

shallow regions of the estuary.




Figure 7. The seasonal changes inithe particle size composition

of the mud sediments in the Pamlico River estuary
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Seasonal Faunal Data

The macrcbenthos during 1968-1969 (Appendix Tables 6, 7, 8, 9)
showed & great increase in the number of species present in the estuary,
especially in the fall and winter, and specifically at the mouth of the

river (transect 1). During this period, a total of 35 species werse

h

sund in the estuary, one third of these occurring only at the mouth

b

[

f the rviver. Whereas oniy 20 species were found in the summer sampling,
the other seasonal sampling periods contained 28 to 29 species. During
the fall, the deep water strata of transects 2, 3, and 4 contained no
organisms as a result of the anoxic conditions observed in July.
However, the increased wind action during the late fall mixed the water
column in the estuary and destroyed the stratified deep layer of anoxic
water. This resulted in g reinvasion of benthos into the deep water

gtrata in the winter. Thus, in the winter N. succinea, R. cuneata, M.

phenax, and a chironomid larva were established in the deep water
strata of the transects and in the spring sampling M. balthica, and

the clam, Mulinia igteralis, were also found in the deep strata. In

contrast, a faunal assemblage was found throughout the year in the
deep stratum of fransect 1 where there was abundant oxygen during all
the year.

Two general types of species distribution ranges were found in
the estuary during 1968-1969: (1) those species that showed no great

changes in the range of distribution, e.g., R. cuneata, M. phenax,

and N. succinea, and (2) those species that had large changes in their

range of distribution, e.g., M. balthica, M. lateralis, and H. filiformis.

Many species with low density levels alsc showed changes in their range
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of distribution, but this is probably related to problems of statistical
precision in sampling (Cox, 1958). Both the reinvasion of the mud
environments and these changes in the range of distribution are most
closely related to larval transport and settling behavior, since
juvenile forms were observed during periods of greatest fluctuation.

These changes of the macrobenthos can be used to group the fauna
into four categories based on seasonal changes and range of distribution
(Table 3). One group of species showed a stable range of distribution
during the year. This group may be divided into two categories:
(1) those species that are found distributed over most of the entire

estuary, e.g., nemertean a, N. succinea, M. phenax, and R. cuneatsa,

and (2) those species whose range of distribution are limited to
transect 1, but are a constant component of the faunal assemblage,

e.g., the polychaetes, G. dibranchiata, Loimia medusa, Pectinaria

gouldii, the snails, Epitonium rupicola, Haminoea solitaria, R.

canaliculata, the boring clam, Petricola pholadiformis, and the

holothuroidean, Leptosynapta inhaerens. Another group of species

that show fluctuations in distribution may also be divided into two
categories: (1) those species whose range of distribution fluctuates
over a great area of the estuary, e.g., nemertean b, the polychaetes,

H. fragilis, and H. filiformis, the claims, M. balthica, M. lateralis,

and Mya arenaria, chironomid larvae a, the isopod, Cyathura polita, and

the amphipods, Lepidactylus dytiscus and Parahaustoria longimerus, and

(2) those species that may be termed "transients,"

that are present in
the benthos of the estuary only during one or two seasons and whose

range of distribution is limited to transects 1 and 2, e.g., the
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Table 3. Seasonal changesa in the distribution of macrobenthos
in the Pamlico River estuary during 1968-1969

Species Fall Winter Spring Summer
la2 3 4 1234 1234 1234
nemertean a + + + + + + + - + + + - + + + +
Nereis succinea + + + + + + + + + + ++ + + + +
Macoma phenax + 4+ + - + + + - + + + - + 4+ + -
Rangia cuneata -+ 4+ + -+ + + -+ 4+ + -+ ++
Glycera dibranchiata + - - - + 4+ - - + - - = o o =
Loimia medusa + - - - + - - - + - - - F o - -
Pectinaria gouldii t - - + - - - + o - - + - - -
Epitonium rupicola + -~ - + - - + - - - 4+ - - -
Haminoea solitaria + -~ - + = - - R — - - -
Retusa canaliculata + - - - + + - - + - - - + = - -
Petricola pholadiformis + - - - + - - - + - - = + - - -
Leptosynapta inhaerens + + ~ - + - - - + - - - o_ - -
nemertean b - - - - - — - - - - - - - - =
Haploscoloplos fragilis - + ~ - e + 4+ - - -t = -
Heteromastus filiformis + + + - + o - + + + + + + 4+ o+
Macoma balthica -+ + - -+ + - + + + + + + + -
Mulinia lateralis o+ 4+ - + + + - + + 4+ - - - -
Mya arenaria -— - + 4 - - + 4+ + - -—— -
chironomid larva a - -t - -+ + + - -+ + - - - -
Cyathura polita + 4+ + + - =+ + -+ + + -+ + +

Lepidactylus dytiscus -4+ -+ + + + + + + + - -+ + +
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Table 3 (continued)

- ) Fall Winter Spring Summer

>pecies 182 3 & 123 & 1234 1234
Parahaustoria iogimerys - - - - + + + * - = d o -
Leptoplana sp. - - = - + - - - - - - - -———
Digpatra sp- o - = R - - - - - - -
Eteone ﬁlﬁi - - - - - = - - - - - = -
Spiophanes bombyx + A+ - = - - - - - = - -
polychaete a + o+ - - + o+ - - + o= - - -
Mitrellz lunata - - = o= = - - — = = -——— =
Nassarius vibex F - = - - - - - Fom - = - — - -
Sayella chesapeakea - - - e o - = - - = =
snail a -t = - - - - = - — - - - - = -
Brachiodontes recurvus -—-— - - - - = - - - - = -
Gemma gemma - - - o - = - - - - - = -
Lyonsia hyalina - === o - = - - - - - - - -
Blannoglossus sp. + - - - F o - - - - - - —— -

a,
+ presence; — absence.

b, .
Numbers represent transects.

flatworm, Leptoplana sp., the polychaetes, Diopatra sp., Eteone alba,

Spiophanes bombyx, species e, the snails, Mitrella lumnata, Nassarius

vibex, Sayelils chesapeakea, species a, the mussel, Brachiodontes recurvus,

the clamsg, Gemma gemma, Lyonsia hyslina, and the acorn worm, Blannoglossus

8-
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Although a few species show little fluctuation of density values
during the year, most of the dominant macrobenthos in the estuary
undergo great changes in density (Figures 8, 9, 10, 11). For instance,
In the sane sediments of tranmsect 4, R. cuneata shows an average density
range during the year of 188 to 243/m2. In contrast, M. balthica at
transect 2 has an average density range of 21 to 2,689/m2 and H.
fragilis of 20 to 238/m2 during the year. Again, these increases are
caused by the juvenile set.

Trellis diagram analysis of the data from the seasonal sampling
progfam (Figures 12, 13, 14, 15) shows the community zones changing,
with great homogeneity of most of the estuary in winter and spring due
to larval set. The divisions observed in the preliminary sampling were
still present in the fall (Figure 12) with three groupings of strata
evident along the diagonal line of the trellis diagram that correspond
to tramsect 1, transects 2 and 3, and transect 4, The deep water
strata from transects 2, 3, and 4 contain no organisms in the fall.
Thus, the same delimitation existed as in the preliminary sampling.
However, the winter data (Figure 13) show a change in the community
zonation of the estuary. In winter, two groupings are present,
corresponding to transect 1, and transects 2, 3, and 4. 1In addition,
due to the re-invasion and larval settling in the deep areas of the
estuary, the deep stratum of transect 2 shows a high affinity with
great sections of the estuary. In the spring (Figure 14), there are
two groupings composed of transects 1, 2, and 4, and transect 4.

This faunal homogeneity over most of the estuary is due to the

large amount of larval set of M. balthica at this time. The trellis




Figure 8, The range of distribution and density of dominant
macrobenthos in the sand sediments in the fall

sampling of the Pamlico River estuary
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Figure 9. The range of distribution and density of dominant
macrobenthos in sand sediments in the winter

sampling of the Pamlico River estuary
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Figure 10. The range of distribution and density of dominant
macrobenthos in sand sediments in the spring sampling

of the Pamlico River estuary
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Figure 11.

The range of distribution and density of dominant
macrobenthos in sand sediments in the summer

sampling of the Pamlico River estuary
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Figure 12.

Trellis diagram of index of similarity of strata of
the fall sampling of the macrobenthos of the Pamlico
River estuary; numbers represent transects from
Figure 2(c); letters represent strata: S (shallow),

M (middle), and D (deep)
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Figure 13.

Treilis diagram of index of similarity of strata of

the winter sampling of the macrobenthos of the Pamlico .
River estuary; numbers represent transects from

Figure 2{c); letters represent strata: S (shallow),

M {(middie}, D (deep)
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Figure 1l4.

Trellis diagram of index of similarity of strata
of the spring sampling of the macrobenthos of the
Pamlico River estuary; numbers represent transects
from Figure 2(c); letters represent strata:

S (shallow), M (middle), D (deep)
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diagram of the summer seasonal data (Figure 15) indicates the community
zones in the estuary are returning to the initial segmentation of
transect 1, transects 2 and 3, and transect 4.

It should be kept in mind that the trellis diagram is a subjective
procedure of obtaining community assemblages. Turthermore, the concept
of community itself is a subjective division of what is in actuality
a continuous distributional change in an estuary. However, in this
instance the analysis shows strong evidence of the above changes.

This is not surprising in view of the drastic changes in the distribu-

tion and density of the macrobenthos obssrved in the sampling program.
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DISCUSSION

Description of the Pamlicc River Estuary

Hydrography

The temperature of the bottom water in the Pamlico River estuary
is fairly stable at any sampling time over the length of the estuary,
but high temperatures are typical of the summer period. Temperature
changes were slight (1 to 29 C) throughout the length of the estuary
at any given time. Hobbie (1970) found this typical of the temperature
regiﬁe of the total estuary, although it is most pronounced in the
bottom water. The temperatures in the summer are quite high (25 to
30° C) and, because there is a high biological productivity in the
estuary that results in the increased use of oxygen, the stratified
deep water is rapidly depleated of dissolved oxygen.

The salinity in the estuary throughout the study ranged from 1 to
20 ofoo, with little discernible seasonal pattern. Such changes as did

occur throughout the year are associated with fresh water runoff and

fluctuation of wind direction. With regard to vertical salinity changes,

Roelofs and Bumpus (1953) reported that stratification of salinity

was not pronounced in Pamlico Sound and occurred only occasionally

in the river. The large surface area, shallowness, and the intensity
of wind action can account for this instability of the water column.
However, in the sound they found seasonal changes of salinity
associated with variation in the fresh water runocff, with lowest
gsalinities in February through May and highest salinities in September‘

through October.
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Anoxic conditions occurred in the late summer due to stratification
of the water overlying the deeper areas, but did not occur in the shallow
regions of the estuary. The vertical stratification of the water column
resulted from reduced wind stress, high surface turbidity, and high
temperatures (Copeland et al., 1970). 1In contrast, in the shallow
areas of the estuary, wind mixes the water column. In the fall, when
wind action increases, the stratification of the water column breaks
down, and the bottom water containing low concentrations of dissolved
oxygen is mixed with the rest of the water mass in the estuary. At

this time, there are numercus reports of fish kills.

The Sediment .

In the Pamlicoc River estuary, there are two main substrate
types: a sand sediment in the shallow areas of the estuary and a mud
sediment in the deeper environments. The division between these two
sediment types 1s quite sharp and occurs at about 1.5 to 2 m. The
exceptions to this general condition occur at the deeper areas at
the mouth of the estuary (transect 1) where both sediment types are
found, and the area of Blounts Bay (transect 4) where mud sediments
are closer to shore. At the mouth of the estuary, the relatively
greater wind action and current scour the substrate and create these
differences in deep water sediments. In the Blounts Bay area, a
wide, diamond shaped bay, a combination of reduced wind and current
action allows the settling out of suspended materials, creating the
finer mud sediments nearer the shore.

The low sorting coefficients and seascnal changes in the

composition of the sand sediments show these substrates to be unstable.
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The sand sediments are well sorted, with sorting coefficients between
1 and 2 that indicate that these substrates are composed in great part

of a small range of particle size materials due to the scouring of the

sediment by wave and current actiom. Also, the seasonal changes observed

in the particle size composition of these sediments show the important
influence of changes in the intensity of wind and wave action on the

composition of the substrate.

Fauna of the Estuary

General Characteristics

One characteristic of the macrobenthos is the high percentage of
molluscs, comprising 45 percent of the total species list of the
Pamlico River estuary. Estuarine fauna is usually dominated by
molluscan forms (Gunter, 1961) since these species, with their heavy
shells, are well adapted to withstand the abrasive action of shifting
sediment and are able to isclate themselves from unfavorable conditions
by closing their shells.

A second characteristic of the macrobenthos is the virtual
absence of epifauna caused by the lack of suitable surfaces, such as
rocks, in the estuary. It is known that planktonic stages of epi-
fauna do occur in the estuary since mussels and anemones have been
found in the tanks and trays at the Pamlico Marine Laboratcry. One
epifaunal species that was found during the sampling program, the
mussel, B. recurvus, was attached to wood fragments lying on the
sediment. Due to currents, silting, and the shifting of the sediment,

this mussel does not survive beyond the settling season. It is also
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interesting to note that the oyster, Crassostrea virginica, was not

found during thig study. Several sampling stations were oyster bed
areas, with a great deal of oid shell present in the sediment, but nc
live oysters were found. Since areas adjacent tc the river are oyster
producing areas, and the Pamlico River itself has been reported as an
area of oyster production, this absence is unexplainasble. The oyster
population might be decimated due to over exploitation, or it could be
the result of unfavorable salinity-temperature regime (high summer
temperatures and fluctuating salinities) such as those described by
Gunter (1956} in Texas.

A third characteristic is the extreme importance of the macro-
benthos of the shallow regions in the producﬁivity of the benthic
community. Because of the virtual absence of a lunar tidal cycle,
there are few low marsh and tidal flats in the estuary. The submerged
vegetation beds of Ruppia and Potomogeton are, therefore, the prime

input of organic matter to the ecosystem. Also, these weed beds provide

attachment surface for epiphytes and sediment stability for macrobenthos.

The depletion of the macrobenthos in the deeper regions of the estuary,
due to low oxygen, makes the biological productivity in these shallow
water areas that much more important to the energetics of the benthos.
However, the most prominent characteristic is the low diversity
and density of the macrobenthos, due in large part to the salinity
regime in this estuary. Reid (1970) also found this to be true for
the meiobenthos of the Pamlico River estuary. Kinne (1966) has
described salinity as the ecological master factor affecting

distributional patterns of estuarine organisms, and Gunter (1961)
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has stated that the distribution of such increases from fresh water
sectors of an estuary to the salt water zone where marine organisms
are able to invade and survive, and this is true in the Pamlico River.
Thus, since low saline systems are less diverse than other estuarine
areas (Copeland et al., 1970), and the total Pamlico River has a low
toc moderate salinity range, there is less invasion of typical
estuarine fauna into the estuary.

The rate of salinity change in the estuary can also influence
the distribution of organisms and thus cause low diversity. Sanders,
Maneldorf, and Hampson (1965) distinguished between the fluctuations
of salinity in the sediment in gradient (non-tidal) and fluctuating
(tidal) estuaries. In a fluctuating estuary, salinity changes are
regular and of short duration and the salinity of water in the sediment
remains relatively constant. In contrast, in a gradient estuary such
as the Pamlico River, salinity changes are unpredictable and of longer
duration and the salinity of the wéter in the sediment follows more
closely the salinity of the overlying water. Under these conditions of
significant changes of the interstitial salinity in the sediment, the
infauna, those organisms living in the sediment, must contend with a
changing salinity regime, resulting in appreciable physiological
stress. In such an estuary, we, therefore, find a pronocunced reduction
in diversity.

Another factor responsible for low diversity is the unstable
gediment conditions found in the estuary. Several investigators

(Klane and Dickie, 1957; Burbank, 1962) have emphasized the need for

a stable sedimentary environment for infaunal macrobenthos. Such species
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must be able to maintain their position in the sediment so that they
are in contact with the surface, and many dwell in tubes comstructed
of sand or in burrows. The shifting of sand makes these activities
difficult. Also, the mud sediments, composed of large amounts of
clay sized materials, are particularly unfavorable for the benthos
since their feeding apparatus are clogged and burrowing activities
are hampered in the fine sediment. In addition, the mud sediments
contain high organic matter concentraticns, due in large measure to
a high large amount of fecal pellets present (Reid, 1970).°

In the deeper areas of the estuary, a third factor responsible fox
the observed low diversity is the annual occcurrence of anoxic conditions.
Coull (1970) related the recurrent absence of meiofsuna in Bermuda to
anoxic conditions accompanying a thermocline present in June through
October. Such an annual catastrophic depletion of the benthos results

in a "pioneer'" type of community that is typically less diverse.

Community Description

Many researchers have shown that despite a gradient of environ-
mental factors such as salinity and sedimeni composition, fairly
abrupt faunal changes exist along the length of an estuary that
divide the fauna into community groupings. These faunal assemblages do
not exist as sharply delineated groupings of species, each with
identical distriburional patterns, since the population fange cf each
species is influenced somewhat differently by the polyfactorial gradient
changes in environmental conditions. But biological interactions do-
influence these ranges of distribution and, therefore, play an

important role in the creation of faunal assemblages along an
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estuarine gradient. Thus, we can distinguish community groupings and
use these units in describing the fauna of an estuary.

The trellis diagram analysis of the preliminary sampling of the
macrobenthos indicated that the estuary may be divided into three
community areas. The first area, Blounts Bay (stratum C), is a true
oligohaline zone, with salinities below 5 o/oo. The fauna from such
zones are usually different from other areas of an estuary because
the euryhaline components of estuarine fauna disappear below 5 o/co
(Day, 1951). Also, the oligohaline zone is the area subjected to
the most fluctuation of salinity due to irregular surges of river
water during periods of high rain and surface runoff. The second
segment of the estuary, the greatest area (strata D, E, F, and G), is
a mesohaline zone‘with salinity ranging from 5 to 18 o/oo. The third
segment, located at the ﬁouth of the estuary (stratum H), is a poly-
haline zone with salinities at or above 18 o/oo. The salinity pattern
of this area of the estuary resembles that of Pamlico Sound where the
salinity averages 20 o/oco during the year (Roelofs and Bumpus, 1953).
Reid (1970) found a similar division into three parts of the meiobenthos
sampled in the summer of 1968.

A Rangia cuneata-Nereis succinea association is characteristic of

the oligohaline area of the estuary. R. cuneata is a dominant bivalve
in low salinity environments of southern estuarine systems from
Virginia into the Gulf Coast (Bookhout, 1964; Wass, 1967). The soft
shell clam, M. arenaria, is the dominant bivalve in oligohaline environ-
ments of boreal climates, but this species is replaced by R. cuneata in

more temperate areas (Copeland et al., 1970). The density (average
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275/m2) of R. cuneata is quite high in this segment of the estuaryz
Ai%ﬁoﬁgh‘Odum (1967} regarded 4O/m2 as high in a Texas estuary,
Porter (personal communication) has found densities of R. cuneata
up to 300/m2 in the Neuse River, North Carolina, an estuary that is
ecclogically similar to the Pamlico River. The polychaete, N.
succinea, is also typically found in low saline water, but it is
also the characteristic polychaete in estuarine waters in general.
Odum and Copeland (1970) gave the salinity range at summer temperatures
(20 o 270 C) of this species as 9 to 31 o/oc. However, in the
Pamlico River, this species was found throughout the estuary and its
maximum numbers were located in the oligohaline zonme. This agrees
with Painter's (1966} findings that annelids were numerically more
important at the fresh water end of the estuary. Another species
found mostly in this oligohaline section of the estuary is the
amphipod, C. polita, which is usually found in low salinity environ-
ments {Burbank, 1962).

A Macoma balthicaz-Heteromastus filiformis-Nereis succinea

associastion is characteristic of the meschaline zone of the estuary.
Muus (1967} stated that the tellinid clam, M. balthica, is the
dominant bivalve is meschaline environments, and Laasksc (1965) in
Norway and Hanks (1968} in Marylana have reported the existence of

Macoma-Nereis associations in similar meschaline environments.

Porter (personal communication) also reported M. baithica to be the
dominant form in the Neuse River within the salinity range of 8 to
13 ofoo. It is interesting that the sharp decrease in numbers of

M. balthica at stratum H corresponds with a drastic reducticn of
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this species in the Patuxant River estuary in Maryland (McErlean,
1964) at comparable salinity levels. Although this reduction might
be some effect of "salt water shock" (Odum and Copeland, 1970}, it
might not be directly due to physical environmental factors. McErlean
suggested the possibility of biological interactions as the cause of
this phenomenon, and Porter stated that the related species, M. phenax,
replaces M. balthica in more saline waters in the Neuse River. This
seems to be the case in the Pamlico River. The capitelid poclychaete,
H. filiformis, is present throughout the estuary, but it is more
prominent in this mesohaline section. Dean and Haskin (1964) reported
this species in summer samples taken in Raritan Bay, New Jersey, in
areas with a salinity range from 1 to 20 o/co. Wass (1967) stated that
members of the Family Capitellidae replace Tubifex species as pcllutant
indicators in estuarine environments and, of course, Raritan Bay is
extremely polluted. However, the prominence of this species in the
Pamlico River is probably due to the high temperatures and high organic
matter levels in the estuary and is not related to pollution. M.
lateralis is another bivalve found in lower numbers in this mesochaline
section of the estuary. Porter (personal communication) observed
that this species replaces R. cuneata in more saline waters in the
Neuse River. Another characteristic polychaete whose range of
distribution is restricted to this mesohaline zone is H. fragilis.

A Macoma phenax-~Mulinia lateralis-Glycera dibranchiata association

is characteristic of the polyhaline section located at the mouth of
the estuary. In this section of the estuary, dominance is less obvious

due to the relatively high diversity and there is really no single




















































































































































