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SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

Th i s  r e p o r t  on t h e  macrobenthos (bottom dwell ing organisms) i nc ludes  

a d e s c r i p t i o n  of t h e  temperature,  s a l i n i t y ,  d i s so lved  oxygen l e v e l s ,  

and sediment composition of t h e  Pamlico River e s t u a r y  during 1968-1969. 

S a l i n i t y  ranged from 0.5  t o  20 ppt  and temperature from 41 t o  88' F .  

Anoxic (no d isso lved  oxygen) cond i t i ons  i n  t he  bottom water over ly ing  

t h e  deeper p o r t i o n s  of t h e  e s t u a r y  occurred i n  l a t e  summer due t o  

s t r a t i f i c a t i o n  of t h e  water  column. Two d i s t i n c t  sediment types  were 

found i n  t h e  e s tua ry :  a sand s u b s t r a t e  i n  t h e  shal low a r e a s  and a 

s i l t y  c l a y  s u b s t r a t e  composed of 60 t o  70 percent  c lay-sized p a r t i c l e s  

i n  t h e  deep a r e a s .  

The macrobenthos showed low d i v e r s i t y  and d e n s i t y  due t o  s t r e s s i n g  

cond i t i ons  of low s a l i n i t y ,  unfavorable  sediments ,  and anoxic cond i t i ons  

i n  t h e  deeper a r e a s ;  t h i s  community is ,  t h e r e f o r e ,  a f r a g i l e  system 

s u s c e p t i b l e  t o  t h e  e f f e c t s  of p o l l u t i o n .  Only 36 s p e c i e s  were found 

throughout t h e  year  i n  t h e  e s tua ry  and the  Shannon-Weaver d i v e r s i t y  

index showed low v a l u e s  of 0.66 t o  1.77. The maximum number of 

2 organisms a t  any s t a t i o n  was 62911-11 . Such low d i v e r s i t y  i s  t y p i c a l  

of low s a l i n i t y  e s t u a r i e s .  I n  a d d i t i o n ,  changes i n  t h e  sediment 

composition throughout t he  year  i n d i c a t e d  t h a t  t h e s e  s u b s t r a t e s  a r e  

an uns t ab le  adverse  environment f o r  t h e  benthos. Also,  t h e  mud 

sediments contained h igh  amounts of c lay-s ized  p a r t i c l e s  t h a t  a r e  

unfavorable  f o r  ben th i c  organisms. The absence of l i f e  i n  t h e  deeper  

p o r t i o n s  of t h e  e s t u a r y  i n  l a t e  summer and f a l l  was c o r r e l a t e d  w i t h  

t h e  anoxic cond i t i ons  i n  t hese  a r e a s  due t o  t h e  s t r a t i f i c a t i o n  of 

t h e  water  column. Such communities wi th  low d i v e r s i t y  e x i s t i n g  i n  



harsh  environments a r e  f r a g i l e  systems t h a t  a r e  e a s i l y  a f f e c t e d  by 

environmental changes, and a r e  t hus  u s e f u l  a s  i n d i c a t o r s  of p o l l u t i o n .  

A seasonal  sampling program showed v a s t  changes of spec fe s  

composition, range of d i s t r i b u t i o n ,  and community d e l i m i t a t i o n  due t o  

f a l l  and sp r ing  spawning of t h e  macrobenthos. Whereas only  18  s p e c i e s  

were found i n  t h e  pre l iminary  J u l y  1968 samples, 28 t o  29 s p e c i e s  were 

found i n  t h e  f a l l ,  w in t e r ,  and spr ing  sampling program, A few s p e c i e s ,  

clam Rangia cunea ta ,  showed l i t t l e  change i n  dens i ty  and 

r a n g e d f  d f s t r i b u t i o n ,  bu t  most of t h e  benthos underwent g r e a t  

f l u c t u a t i o n s  due t o  recru i tment  of new s e t .  These changes r e s u l t e d  

i n  changes i n  t h e  community a r e a s  i n  t he  e s t u a r y .  Future  s t u d i e s  of 

t h e  e f f e c t  of p o l l u t i o n  on t h e  benthos must t ake  i n t o  account t h e s e  

n a t u r a l l y  occu i r ing  changes. 

Phosphate mining and t h e  i n c r e a s e  of organic  enrichment from 

sewage a r e  two p o s s i b l e  p o l l u t i o n  f a c t o r s  t h a t  could a f f e c t  t h e  

benthos by a f u r t h e r  decrease  of t h e  d isso lved  oxygen l e v e l s  i n  t he  

deeper p o r t i o n s  of t h e  e s tua ry .  An inc rease  of phosphates i n  t h e  

e s tua ry  due t o  mining a c t i v i t y ,  combined wi th  r i s i n g  n u t r i e n t  l e v e l s  

of n i t r o g e n  from sewage and was tes ,  would i n c r e a s e  primary p r o d u c t i v i t y  

and r e s u l t  i n  

oxygen demand 

water column. 

increased  amounts of d e t r i t u s  i n  t h e  r i v e r .  The increased  

could f u r t h e r  i n t e n s i f y  t h e  anoxic condi t ions  of t h e  

This  a f f e c t s  not  only t h e  benthos i n  t he  mud sediments,  

but  a l s o  important  commercial s p e c i e s ,  e.g., f lounder  and c rabs ,  t h a t  

s u f f e r  k i l l s  due t o  low oxygen l e v e l s  when t h e  water column i s  mixed 

i n  e a r l y  f a l l .  



Another p o s s i b l e  source  of change, t h e  proposed 40 f o o t  channel  

i n t o  t h e  e s t u a r y ,  could i n t e n s i f y  t h e s e  k i l l s  by inc reas ing  t h e  volume 

of anoxic water  mixed a t  t h e  t ime of tu rnover ,  and a l s o  a f f e c t  t h e  

benthos by s a l i n i t y  changes, dredging a c t i v i t y ,  and s p o i l  depos i t i on .  

This  channel could even r e s u l t  i n  lowering t h e  s a l i n i t y  of t h e  shal low 

a r e a s  of t h e  e s t u a r y ,  Since lower s a l i n i t i e s  would e l i m i n a t e  many of 

t h e  e s t u a r i n e  organisms found i n  t h e  e s tua ry ,  i t  i s  suggested t h a t  a 

p h y s i c a l  model of t h e  PamPico River be used t o  determine exac t  s a l i n i t y  

changes expected by t h e  channel.  Suspended sediment m a t e r i a l s  from 

dredging a c t i v i t y  could adverse ly  a f f e c t  t h e  benthos by f u r t h e r  

i n t e n s i f y i n g  anoxic cond i t i ons  due t o  t h e  b i o l o g i c a l  oxygen demand 

(BOD) of t h e  organic  m a t t e r ,  and by d i r e c t  e f f e c t  on t h e  p lanktonic  

l a rvae .  I n  a d d i t i o n ,  s i l t a t i o n  would smother t h e  bottom s u r f a c e  and 
-- 

decimate t h e  benthos.  It is ,  t h e r e f o r e ,  suggested t h a t  such e f f e c t s  

be  minimized by containment of dredging a r e a s  and t iming t h e  dredging 

t o  avoid t h e  f a l l  and s p r i n g  pe r iods  of spawning of t h e  benthos.  I n  

t h e  Pamlico River  e s t u a r y ,  t h e  most important  a r e a s  of ben th i c  

p r o d u c t i v i t y  a r e  t h e  wide shal low sandy zones, and s p o i l  depos i t i on  i n  

t h e s e  a r e a s  would r e s u l t  i n  d r a s t i c  r educ t ion  and p o s s i b l e  e l i m i n a t i o n  

of t h e  benthos over  wide p o r t i o n s  of t h e  e s tua ry .  To avoid t h i s  

d e p l e t i o n ,  i t  i s  recommended t h a t  s p o i l  banks no t  be used t o  d i spose  of 

dredged m a t e r i a l  from t h e  channel .  

A f o u r t h  p o s s i b l e  source  of change, a r e c e n t l y  proposed highway- 

hu r r i cane  dam complex a c r o s s  t h e  Pamlico River  e s t u a r y ,  would d r a s t i c a l l y  

alter t h e  benthos due t o  a s i g n i f i c a n t  dec rease  of s a l i n i t y ,  and would 

hamper mig ra t ion  movements of f i s h  and c r a b s  and t r a n s p o r t  of p l ank ton ic  



larvae. Since these e f f e c t s  are undesirable, i t  i s  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 Pamlieo River 

estuary, North Carolina, included measurements of salinity, temperature, 

and dissolved oxygen, as well as the particle size and organic matter 

concentratfons of the sediments. Salinity ranged from 1 to 20 o/oo, 

and temperature from 5 to 31' C. Anoxic conditions in the battsm 

water overlying the deeper portions of the estuary occurred in the 

Sate 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, 196% 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 fnformation diversity index (H) showed low 

values of 0.66 to 1.77. In addition, low density values (maximum 

2 
number of organisms at any station was 629fm ) further Indicate 

that stressing salfnfty conditions and unstable sediment compositfon 

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 euneata 

and Nereis succfnea, (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 lEfe 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, 

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

studied. In fact, our knowledge of the benthos in all marfne environ- 

ments is largely restricted to descriptive studies, Earlier workers 

studied the natural history of the benthos and autecoPogfca1 relatnon- 

ships. However, starting with Peterson (19241, researchers used 

quantitative sampling methods and began to describe benthic communities 

and the environmental factors that might be affecting them. One example 

of this approach is the animal-sediment relationship studies of Sanders 

(19.58, 1950). Another important area of study is the obvious faunal 

changes throughout the year, but few studies deal with seasonal 

ehanges of the benthos. 

Because of the limited knowledge about the ecology and communities 

of benthic anfmals in general, and estuaries in partfcular, I chose to 

study intensely a low saline estuary, the PamEics River in North 

Carolina, This study is a description of the density, dfstrfbution, 

and community organization of the macrobenthas over a period of a year. 

To help develop a sampling plan, this estuary was sampled in duly, 

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 conditfons and 

are a part of each others biological environment. On the basis of 

these preliminary data, a seasonal sampling program of transects 

of the estuary was planned and then carried out in 1958-1959. The ehanges 
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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, 

especially in those marine environments where stratiffcation 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). In this study, the sediqentary 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. 

Thfs scarcity of fnforrnation about the benthos Is due perhaps moss 

of all to the dafficulty of sampling and the non-~nifsrmfty of sampling 

techniques, The difficulty of 'vbEind" sampling has hindered precfse 

and accurate description af the benthos and has made it necessary co 

take large numbers of samples. Thfs means that good benthic studies 

are tedious, tame consumfng, and expensive, factors that often preclude 

large scale or long term projects (Eonghurst, 19591, Another difficulty 

is the problem of interpreting much of the data obtained due to the 

virtual nonexistence of standardized sampling procedures, For example, 

numerous samplnng devices are used and a11 cake different sized samples 

and penetrate the sedimen~ to dffferent depths, Also, workers w e  

dffferenc mesh sfzes for screening samples and a varaety of methods of 

presentation and analyses of data, 

Due t o  these difficulties, most of rhe benthic research has been 

descriptive and only recently have the communities and the environmental 

factors affecting them been investigated. FOP fnstance, the investfga- 

tion of antmal-sedimenr relationships began with the 1947  paper of 

Ekman, but Sanders (1960) was one of the first so polnt out dtfferences 

in the sand and mud coinmuni~iee~ Since then, numerous workers have 

followed this approach of using sednmenr differences in delimiting and 

sfudyfng benthic eommunltfes (MeNulty, Work, and Moore, 1962; Buehanan, 

19631, and Rhsdes and Young (1970) have thoroughly seudied the role of 

deposit feeders in mud comunit~es. Other recent studses have dealt 

m t h  the diversity and stabllfty of the deep sea benthos (Sanders, 
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1965; Hessler and Sanders, 1969). However, even rhough several workers 

have described seasonal changes in the density of benthic organfsms 

(Dexter, 1944; Coe, 1956; Aldrfch, 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 olfgohaline and 

mesohaline estuaries of this region. Cerame-Vivas and Gray (1966) studied 

the distributional pattern of the macrobenthos on the contfnental shelf 

off the coast of North Carolina and Brett (1963) investigated the 

distribution and animal-sediment relationships sf the benthos in Bogue 

Sound. However, there are no available data on the benthic communities 

in the Large, low saline estuaries of the state. In fast, a recent 

review of our present knowledge of such systems (Copeland, Tenore and 

Horton, 1970) pointed out our rudtmentary understanding of eco1ogical 

conditions in these low salinity estuaries. 

The Pmlico River can be described as an alfgohalfne-mesohaline 

system according to the Venfce dassifiration of bra~kfsh waters, 

This system for classifying estuarine systems by their salinity 

ranges is generally accepted as a valuable aid in the description 

and investigation sf estuaries (SegestraPe, 1959%. AccsrdFng to this 

classification, an oligohaline estuary has a salinity range sf 0.5 to 

5,0 o/oo, and a mesohaline eswary from 5 to 18 ojoo. The PamBico 

River is a continuation of the Tar River and extends from Washington, 

North Carolina, for about 65 km to Pamlico Sound (Figure I), This 

estuary is wide and shallow, with large expanses of Ruppia and 

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



Figure 1. The l o c a t i o n  of t h e  Parnlico River e s tua ry  on the  

coas t  of North Carol ina 



SCALE ,. . ,. " ' 0  " "t'E' 34-  



The average deprh in the shallow areas is 1 m and in the central 

muddy areas it is 2 to 3 m, The salfnley Pn the PamPico River ranges 

from 0.5 eo 20 oioo, and can,  heref fore, be considered an oligohal~ne- 

mesohaline syseem, T h ~ s  low salfnfry regime is due in parE ro   he 

grea6 amount of fresh water runoff entering the estuary, Although tke 

buffering effects sf the Outer Banks along  he coast of North Carolina 

effeccfvely diminish the amplftude of ehe lunar tide (average of 15 em) 

(Jarrett, 19661, the estuary i s  subjecz to serong wind rides (Roeiefe 

and Bumpus, 1953), 
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MATERIALS AND METHODS 

S a l i n i t y ,  r empera tu re ,  and d i s s o l v e d  oxygen d a t a  were c o l l e c t e d  

from 1% s t a t i o n s  ( F i g u r e  2 ( a ) )  i n  t h e  Pamlico R ~ v e r  e s w a r y  d u r i n g  

1968-1969, These s c a t i o n s  extended throughout t h e  Length s f  t h e  

e s t u a r y  and were sampled every  swo weeks, Sa l in fcy  and temperacure  

were  measured wizh a  Beekman RS-5 s a l f n o m e t e r  and d i s s o l v e d  axygen by 

a modi f i ed  WinkZer f f t r a t i o n  p rocedure  ( C a u p e n ~ e r ,  19651, 

During Ju fy  1968,  a p r e l m i n a r y  eampling prcgram was c a r r i e d  o u t  

t o  i d e n t l f y  and d e s c r i b e  ehe ben thos  of t h e  Painlice Rfver  e s t u a r y ,  

On t h e  b a s i s  of  hydregraph ic  d a t a ,  t h e  e s t u a r y  was d i v f d e d  i n m  s i x  

s e r a t a  ( F i g u r e  2 ( b ) ) ,  These s t r a t a  were f u r t h e r  d i v i d e d  on t h e  b a s t s  

of d e p t h  f n t o  s h a l l o w  (0 t o  2 m) and deep $ 4 2  mb s u b s t r a t a ,  t h e  

shaEPow s u b s t r a t a  i nc lud ing  b o t h  s i d e s  of the r iver ,  In ehe Pamiaeo 

R i v e r ,  t h e s e  s u b s t r a s a  a l s o  r e p r e s e n t  d i v i s i o n  i n ~ o  mud and sand 

environments .  The sampling d e s l g n  was a n  e q u a l  random a l l o c a t 6 o n  of 

f o u r  s t a t i o n s  p e r  s u b s t r a t u m ,  w i t h  t h r e e  samples t a k e n  a t  each s t a t i o n ,  

On ~ h e  b s s i s  of t h e  d i v i s i o n s  s f  t h e  ben thos  no ted  s n  t h i s  

preliminary s w v e y ,  a s e a s o n a l  sampl ing program was des igned  and 

e a r r P e d  our d u r i n g  1968-1969, For t h i s  s t u d y ,  f o u r  r r a n s e c t s  a c r o s s  

t h e  r i v e r  ( F i g u r e  2 (c )$  were e s t a b l i s h e d  and each wae devided f n t o  

t h r e e  s t r a t a  on t h e  b a s i s  of depch: s h a l l o w  (0 ~o B m), mfddle  (1 t o  

2 m$, and deep ( > 2  m), The shaLlow and midd le  s t r a c a  fnc luded  b o t h  

s f d e s  of t h e  r i v e r ,  Again, c h e r e  was e q u a l  random a i l s c a t i o n  of 

t h r e e  s t a ~ i o n s  p e r  s t r a t u m ,  w i t h  t h r e e  samples t a k e n  a t  each s t a e i o n ,  

Four s e t s  of samples were c o l l e c t e d  i n  the  e s t u a r y  durFng zhe y e a r :  

f a l l  (October) , w f n t e r  ( ~ a n u a r y ) ,  s p r i n g  (AprSPl , and sumner (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 



T Pamlico Sound 



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 Pamlieo River estuary and also has depchs 

and angle of penetration characteristics that to a great extent avofd 

the problems of "edge effect" (Lie and Pamatmat, 1965). 

In this study, a 1 mm screen was used to retain smaller juven%le 

forms of the macrobenthos (Reish, 19591, 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 water, the organisms picked out, and 

preserved in 80 percent alcohol. 

Sediment samples from each station gave particle size dfstributfon 

and organic matter content. Standard sieving techniques (Dawson, P959), 

using a graded series of sieves, was used to divide the sand sediment 

into four sfze 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 wrth 

H 0 before analysis because this technique for the removal of organic 2 2 

matter did not appreciably affect the particle sfze results (Day, 

1965). For classffying sediment types, the textural diagram introduced 

by Shepard (1954) was used. The Wentwsrth scale (Inman, 1952) was used 

to describe grain size: sand (>0,0625 mm), silt (0.0625 to 0,0039 mm), 

and clay (e0.0039 mm). Within the sand particle size range, the 

classification used was coarse (>0.500 mm), medium (0.500 to 0,250 mm), 

fine (8.250 to 0.125 mm), and very fine (0.125 to 0,0625 mm). In order 
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t o  d e s c r i b e  s e v e r a l  s t a t i s t i c a l  p r o p e r t i e s  of t h e  s e d i m e n t s ,  cumula t ive  

c u r v e s  were  drawn by p l o t t i n g  t h e  l o g a r i t h m i c  p a r t i c l e  s i z e  s c a l e  a long  

t h e  h o r i z o n t a l  a x i s  and t h e  f requency  s c a l e  ( p e r c e n t a g e  composi t ion)  s f  

0  s o  100 p e r c e n t  a l o n g  t h e  v e r t i c a l  a x i s .  The median d iamete r  i s  t h e  

p a r t i c l e  s i z e  a t  t h e  p o i n t  where t h e  s u m u l a t i v e  s u r v e  i n t e r s e c t s  t h e  

50 p e r c e n t  l i n e .  The s o r t i n g  c o e f f i c i e n t  ( S  o  ) i s  a  geomet r ic  measure 

of t h e  s p r e a d  of t h e  cumula t ive  c u r v e  of t h e  sed iment ,  The c o e f f i c i e n t  

i s  c a l c u l a t e d  by t h e  formula:  

where Q and Q a r e  t h e  f i r s t  and t h i r d  q u a r t i l e s  determined a s  t h e  
1 3  

p a r t i c l e  s i z e  d i a m e t e r s  cor responding  t o  t h e  i n t e r s e c t i o n  p o i n t s  of 

t h e  c u r v e  w i t h  25  p e r c e n t  and 75 p e r c e n t ,  r e s p e c t i v e l y ,  A s m a l l  

p o r t i o n  of sediment  was f r o z e n  aboard s h i p  and l a t e r  ana lyzed  f o r  

t h e  p e r c e n t a g e  o r g a n i c  m a t t e r ,  u s i n g  a  chromic a c i d  o x i d a t i o n  eechnique 

and t i t r a t i n g  f o r  r e s i d u a l  chromic a c i d  (Wakeel and R$Pey, 1957) .  

The f a u n a l  d a t a  were s u b j e c t e d  t o  d i v e r s i t y  and t r e P l i s  diagram 

a n a l y s i s ,  a s  w e l l  as F a g e r ' s  d e t e r m i n a t f o n  o f  r e c u r r e n t  groups  t o  

d e t e r m i n e  e c o l o g i c a l  c h a r a c t e r i s t i c s  of t h e  b e n t h o s .  S p e e f e s  d i v e r s i t y  

was c a l c u l a t e d  by t h e  Shannon-Weaver i n f o r m a t i o n  index :  

where p  i s  t h e  p r o p o r t i o n  of t h e  9 t h  s p e c i e s  i n  each  sample ( P f e l o u ,  
i 

49661, A n a l y s i s  of a r e a s  of community g roup ings  i n  t h e  e s t u a r y  was 

c a l c u l a t e d  by s t a n d a r d  t r e l l i s  diagram t e c h n i q u e s  (McFayden, 19631, 

u s i n g  an i n d e x  of a f f i n i t y  Pntrodueed by Sanders  (19601, Thfs  i n d e x  
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1s a m e a s w e  of t h e  p e r c e n t a g e  of t h e  fauna  common r o  a p a r r  of samples*  

To o b t a i n  this, t h e  p e r a e n r a g e  c s m p s s l t f o n  3f t h e  s p e c i e s  In each 

sample 1s c a i c u i a t e d ,  and all p o s s i b l e  p a i r s  ~f samples a r e  compared 

The mdex v a l u e  1.9 determined f o r  each p a r  by sumxng che s m d l e r  sf 

t h e  cwo p e r e e n r a g e s  for t h o s e  s p e c i e s  p r e s e n t  I n  b o t h  samples Psr 

example, i f  cwo s a x p i e s  (sample 4 c o n r a ~ n i n g  25 perrenm of spez2ee a ,  

PO p e r c e z t  af speenes  b ,  and 55 percenr- of epecnes  r; sample 2 ron- 

c a i n f n g  0 p e r c e n t  of s p e c i e s  a ,  60 percenE s f  s p e c i e s  b ,  and 40 per-  

c e n t  of s p e c i e s  c )  a r e  compared, t h e  index  s f  a l f f n i t y  would be  60 

p e r c e n t ,  rhe  s ~ m  3 2  0 ,  20,  and 40 p e r c e n e ,  The samples In  t h e  

ran a r e  t h e n  r e a r r a n g e d  s o  c h a t  rhe samples w i t h  che 

h ~ g h e s e  v a l u e s  a r e  brought  i n r o  r l s s e s t  p r o x i m i ~ y ,  T k i s ,  che  samples  

thaE a r e  moak a i n k e  a r e  grozped t o g e t h e r ,  

P a g e r ' s  d e e e r m u m f l c n  of r e c u r r e n t  groups (Fager ,  1957 )  was used 

t o  e s r a b l i s h  any grciL.p$s) of orgaramma t h a t  c c c u r  9 g e z h e r  in the 

e s t u a r y .  T h i s  p r z c e i u r e  u s e s  r tests a s  an  index of r e l a ~ i o n e h % >  

between s p e c i e s  6s  ehe  b a s a s  f o r  g raup ing  of o rgan i sms-  Groups of 

s p e c f e s  a r e  chosen chat nneBude r h e  g r e a f e s z  number of a 2 e c i e s  whose 

o c c u r r e n c e s  a r e  s i g n i f l c a n t l p  c o r r e l a r e d .  The a a a l y s P s  she9 s e l e c t s  

t h o s e  groups  tha t  w n l l  g i v e  t h e  g r e a t e s s  n m b e r  cf groups  w i r h ~ u t  

s p e c i e s  I n  esmmon and t h a t  o e c m  a s  a  mi^ i n  t h e  g r e a t e s r  number 

of  samples .  Thus,  t h e  r e c u r r e n t  groups based on e h f s  i n d e x  of 

a f f f n a t g  a r e  composed of s ~ e c i e s  t h a t  very f r e q u e n t l y  form a p a r t  af 

each o t h e r ' s  b x o l o g l c a l  env i r snmenr ,  A ccmpucer program was w r i r t e n  

co c a l c u l a t e  t h e  d e r e r m h a e i o n  of c h i s  s t a t f s ~ n c ,  



1 4  

RE SULT S  

Hydrographic Data 

The t e m p e r a t u r e  of t h e  bottom w a t e r  i n  t h e  Pamlico River  e s t u a r y  

(Appendix T a b l e  1) showed E f t t l e  change a t  any sampling t ime  o v e r  t h e  

l e n g t h  of t h e  e s t u a r y ,  b u t  marked s e a s o n a l  changes were observed d u r i n g  

t h e  y e a r .  The range  of t empera tu re  over  t h e  y e a r  was 5 t o  3IoC, 

There  was a  1 t o  20C r a n g e  of t e m p e r a t u r e  o v e r  t h e  l e n g t h  of t h e  

e s t u a r y  a t  each sampling t i m e ,  The average  t empera tu re  i n  w i n t e r  was 

5 t o  loOc,  and i n  summer 25 t o  3 0 " ~ .  

The bottom s a l i n i t y  p r o f i l e  of  he e s t u a r y  d u r i n g  1968-1969 

( F i g u r e  3) shows s a l i n i t y  changes  o c c u r r i n g  b o t h  among s t a t i o n s  and 

from month t o  month. During t h i s  p e r i o d ,  t h e  s a l i n i t y  ranged from 1 

t o  20 o /oo  and t h e  s a l i n i t y  g r a d u a l l y  d e c l i n e d  from t h e  mouth t o  t h e  

upper  r e a c h e s  s f  t h e  e s t u a r y .  

There  was a d e f i n i t e  s h a r p  deoxygenat ion d u r i n g  t h e  l a t e  summer 

and e a r l y  f a l l  p e r i o d  i n  t h e  e s t u a r y  (FSgure 4 ) ,  During t h i s  p e r i o d  

t h e  d i s s o l v e d  oxygen l e v e l s  f e l l  below 0.5 m l / E ,  t h e  lower l i m i t  of 

t h e  modi f i ed  Winkler t e c h n i q u e .  T h i s  o c c u r r e d  th roughout  most of t h e  

e s t u a r y  w i t h  t h e  e x c e p t i o n  of s t a t i o n  1 l o c a t e d  a t  t h e  mouth of t h e  

r i v e r .  Here ,  t h e  g r e a t e r  wind and c u r r e n t  a c t f s n  prevented t h e  

s t r a t i f i c a t i o n  of t h e  w a t e r  column. It shou ld  be  k e p t  i n  mind 

t h a t  t h e  hydrograph ic  s t a t i o n s  were  l o c a t e d  i n  t h e  c e n t e r  of t h e  

e s t u a r y  i n  deeper  w a t e r s  o v e r l y i n g  a  mud s u b s t r a t e .  The anoxfc  

c o n d i t i o n s  d i d  n o t  occur  i n  t h e  w a t e r s  of t h e  s h a l l o w e r  sandy s h o r e  

a r e a s  where t h e  wind mixed t h e  w a t e r  column. 







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

Pamlieo River estuary during 1968-1969 





Benthic Data from the Preliminary Study 

Sedimentary Data 

Analysis of sediment from the July 1968 sampling (Table 1) 

revealed that there were two quire 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 p 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 

significant differences in particle size composition of the sand 

sediments through the length of the estuary. In the deep zone there 

is a mud sediment that can be characterized by Shepard's textural 

diagram as a sflty 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 

B,5 p; fn strata F, G ,  and H, the median ranges from 2,4 to 5.3 p, 

A higher concentration of organic matter exists in the mud than 

in the sand sediments, and also in the upriver than in the downrfver 

sediments. The mean organic matter content in the mud was 4.23 

percent versus 0.5% percent in the sand. In the mud samples, the 

mean for strata C and D was 6.5 percent compared to 4,O percent for 

strata E, F, G, and H. It is likely that sediments containing 

greater 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 





Table 1 (continued) 

% ~andb Mean 
a Sorting % Organic 

Sample Coarse Medium Fine Very % Silt % Clay particle coefficient matter 
fine size (v )  - 







o r g a n x  m a t e r f a l s  c a r r i e d  nn to  t h e  e s t u a r y  from t h e  Tar  Rnver and 

d e p o s i r e d  I n  che s e d i m e n t s ,  

The p r e l n m l n m y  sam.p;fng of t h e  fauna (Tab le  2 >  sh~ved t h e  macrs- 

bensh3s  of r h e  e e c a a r y  %3 have b o t h  lox s p e c i e s  d i ~ ~ r s i t y  and d e n s i r y .  

A tocan  sf 18 s p e c i e s  were found I n  r h e  samples ,  and 6iversley values 

ranged f rm 0 , 6 9  t 3  3 , 7 f ,  w;ch mcst  cf t h e  samples  dsrnfnared by one o r  

ewc s p e c i e s .  I n  the  aant5g s h a l l o w  e ~ b s k r a t a ,  f ~ r  a n e r a n e e ,  t h e  elzm, 

Rangaa - c u n e a t a ,  a d  t h e  p o l y c h m t e ,  N e r e i s  s a c c i n e a ,  made up 96 percent 

of t h e  f a m a  ~f s t r a r n m  C ,  and che clam, Ma-sma b a i r h r c a ,  made up 

6 9 - 3  p e r c e n r  of t h e  fauna  of s r r a e m  E ,  69,9 p e r c e n r  of  scrstm P ,  and 

7 9 , 3  p e r c e n s  of s t r a c m  G -  Only i n  s=ra tum B was a more d i v e r s e  fauna  

fourid wi th  25 s p e c i e s  p r e s e n c  and a d i v e r s i t y  i n d e x  of P,49, E n  

g e n e r a i ,  d i v e r s i t y  ~ n c r e a s e d  fram r h e  upper r e a c h e s  to &he mouek of 

~ h e  estuary. Such an Lncrease  r n  diversrty zs c h a r a e ~ e r i s t n c  of 

estuaries s i n c e  t h e  nvrnber 3f s p e c i e s  n s  g r e a c e r  w a ~ h  h i g h e r  s a l a n i t n e s  

(Gunter ,  ;961), I n  t h e  deep m ~ ~ d d y  s u b e t r s t a ,  s rgan i sms  were  a b s e n t  

in C and D and exirernely  s c a r c e  i n  E, E, and G ,  Only r n  t h e  deep 

The d f s r r n b u ~ r o n  r a n g e s  a m  d e n s l z i e s  of  r h e  v a r i o c s  s p e c i e s  

scgge5;ed t h a t  t h e r e  were t h r e e  zones m t h  d i f f e r e n t  f a w x l  assemblages ,  

Th i s  a s s ~ m p E i a n  was e e s ~ e d  by che t r e l l i s  diagram method ( F i g u r e  5) 

and a g a i n ,  a h r e e  d ivesaons  cf t h e  e s e z a r y  were n ~ t e d :  
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Table 2 .  The average numbers (#/m ) of t h e  macrobenthos found i n  t h e  pre l iminary  sampling of t he  

Pamlico River es tuary  

----- ----- -- --- 
S t r a t a  C S t r a t a  D S t r a t a  E S t r a t a  F - ~ Z r a t a  -- G S t r a t a  H 

Species  
--- Shallow Deep Shallow Deep Shallow D ~ G  Shallow Deep Shallow ----- D e 2  Shallow D&$ 

I Nemertinea 

I Species  a 

Glgcera 
d i b r a n c h i a t a  - 

Heteromastus 
f i l i f  ormis 

Loimia medusa 

Nere is  succ inea  

P e c t i n a r i a  
~ o v l d f  f 

Spiophanes 
bombvx 

Macoma b a l t h i c a  -- 





F i g u r e  5. T r e l l i s  d iagram of index  of s i m i l a r i t y  of sampling 

s u b s t r a t a  of t h e  p r e l i m i n a r y  J u l y  1968 sampling of t h e  

macrobenthos of t h e  Pamllco River  e s t u a r y ;  t h e  l e t t e r s  

r e p r e s e n t  t h e  s t r a t a  from F i g u r e  2 ( b ) ;  1, t h e  a v e r a g e  

i n d e x  of t h e  s h a l l o w  w a t e r  s u b s t r a t a ,  and 2 ,  t h e  

average  i n d e x  of t h e  deep wate r  s u b s t r a t a  
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(1) Stratum C. This is a true oligohaifne area according to the 

Venice classification. The area, Blounts Bay, is wide and shallow and 

R ,  cuneata and N. succfnea dominate the benthos, - - 

(2) Strata D, E, F, and G .  This large mesohaline segment sf the 

estuary is dominated by g. balthiea and the polychaete, Heteromastus 

fflifsrmfs, 

(3) Stratum H, This fs the area at the mouth of the estuary, 

It has generally higher salinities than the rest sf the estuary and 

is more comparable with the salfnfty found in the sound. Included 

in the fauna assemblage are more typical estuarine forms, zag., the 

snail, Rerusa canaliculata, the clam, Maesma phenax, and the ply- 

chaete, dibranchiata, 

Seasonal Benthic Data 

Sedimentary Daca 

The sand sediments fn 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,~,, - all were 

sand sediments), subtle changes did occur in the grain size of the 

sand component of the sediment (Figure 61, Throughout the year, 

medfum 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 sediments 

in the shallow water areas. 



Figure 6, The seasonal changes in the particle size composition 

of rhe sand sediments in cke Pamlfco River estuary 





3 2 

The i n c r e a s e d  wave a c t i o n  i n  t h e  w i n t e r  washes c o a r s e r  m a t e r i a l s  

i n t o  t h e  deeper  a r e a s  of t h e  e s t u a r y  and a  g r e a t  c o m p o s i t i o n a l  change 

from s i l t y  c l a y s  t o  c l a y e y  s i l t s  i s  observed d u r i n g  t h e  y e a r  ( F i g u r e  

7 ) .  The mud sed iments  i n  t h e  f a l l  a r e  mos t ly  s i l r y  c l a y  e x c e p t  f o r  

t h e  s a n d - s i l t - c l a y  sed iments  a t  t r a n s e c t  l* However, d u r i n g  t h e  

w i n t e r ,  t h e  deep sed iments  i n  t h e  e s t u a r y  a r e  composed of a  l a r g e r  

amount of sand and s i l t ,  and w f t h  t h e  e x c e p t i o n  of s i l t y  c l a y  a t  

t r a n s e c t  4 and s a n d - s i l t - c l a y  sed iments  a t  t r a n s e c t  1, a r e  a14 c l a y e y  

s i l t .  The mud sed iments  i n  s p r i n g  and summer are a g a i n  s i l t y  c l a y .  

I n  g e n e r a l ,  o r g a n i c  m a t t e r  c o n c e n t r a t i o n s  i n  t h e  sediment  r e t a i n e d  

t h e  same r e l a t i v e  r e l a t i o n s  i n  d i f f e r e n t  a r e a s  of t h e  e s t u a r y ,  w i t h  

h i g h e r  l e v e l s  u p r i v e r  compared t o  downriver  and i n  mud compared t o  

sand ,  b u t  o v e r a l l  l e v e l s  changed d u r i n g  t h e  y e a r  w i t h  h i g h e r  amounts 

p r e s e n t  i n  t h e  summer and f a l l ,  During a l l  t h e  s e a s o n s ,  t h e  o r g a n i c  

m a t t e r  l e v e l s  were h i g h e r  i n  t h e  u p r i v e r  t r a n s e c t  4 t h a n  i n  t h e  

t r a n s e c t s  l o c a t e d  f u r t h e r  down t h e  e s t u a r y .  T h i s  i s  p r o b a b l y  a s s o c i a t e d  

w f t h  t h e  " s a l t f n g  ou t"  o r  f l o c c u l a t i o n  of suspended m a t e r i a l s  a t  t h a t  

p o i n t  where t h e  f r e s h  w a t e r  mee t s  s a l i n e  w a t e r .  The h f g h e r  e o n c e n r r a t i o n s  

found d u r i n g  t h e  summer and f a l l  i n  t h e  sed iments  a r e  p robab ly  r e l a t e d  

t o  t h e  h i g h  p r o d u c t i v i t y  of t h e s e  s e a s o n s .  I n  e a r l y  s p r i n g ,  t h e  

phy top lank ton  bloom adds  a  c o n s i d e r a b l e  amount of o r g a n i c  m a t t e r  i n t o  

t h e  e s t u a r i n e  sys tem,  much s f  which e v e n t u a l l y  s e t t l e s  t o  t h e  bot tom,  

I n  t h e  f a l l ,  t h e  h i g h  l e v e l s  of o r g a n i c  m a t t e r  i n  t h e  sed iments  can 

b e  a t t r i b u t e d  t o  t h e  import  of l a r g e  amounts s f  d e t r i t u s  from t h e  

b r e a k i n g  o f f  and decay of t h e  a q u a t i c  macrophytes  found i n  t h e  

s h a l l o w  r e g i o n s  of t h e  e s t u a r y .  



Figure 7 ,  The seasonal changes in the p a r t i e k e  size compssftisn 

of the mad sediments in the Pamlico River estuary 





Seasona l  Fauna l  Dara 

The rnaercben~hos  d ~ r t n g  l968-1969 (Appendix T a b l e s  6 ,  7 ,  8 ,  9) 

showed a  g r e a t  i n c r e a s e  f n  t h e  nunbcr of s p e c i e s  p r e s e n t  r n   he e s t u a r y ,  

e s p e c i a i i y  in s h e  f a l l  and w l n c e r ,  and s p e e i f l c a l 2 y  a t  t h e  meurh of t h e  

r i s e r  ( ~ r a n s e e t  11, During c h i s  period, a r o t a 1  of 35 s p e c i e s  were  

f r s n d  I n  t h e  e s a u a r y ,  ane  5 n r d  s f  t h e s e  o c c u r r i n g  o n l y  a t  t h e  m u c h  

ef t h e  r n v e r ,  W5ereas on;y 20 speenes  were  found r n  t h e  summer s smpi ing ,  

the ocher  s e a s o n a l  sampl ing p e r i o d s  eontanned 23  tc 29 species, Durfng 

che fail, che deep v a e e r  s t r a r a  s f  t r a n s e c c s  2 ,  3 ,  and 4 c o n t a i n e d  no 

organisms a s  a r e s u l ~  of t h e  anox ie  c a n d f c m n s  observed i n  July, 

However, r h s  m c r e a s e d  wind a c t s o n  d u r l n g  t h e  l a t e  f a l l  mixed t h e  waeer 

column rn t h e  esEaary and d e s t r o y e d  r h e  s t r a e i f i e d  deep l a y e r  of  a n ~ x i c  

w a r e r ,  Thre r e s u l t e d  i n  a  r e i n v a s i o n  of ben thos  i n t o  t h e  deep w a x r  

s c r a c a  F n  t h e  w i n ~ e r ,  Thus, nn the w ~ n s e r  - - -  N, s u e c i n e a ,  R ,  c u n e a t a ,  Me  

phenax, and a  e h l r o n a n i d  l a r v a  were  e s t a b l ~ s h e d  I n  t h e  deep waher 

s t r a r a  of  he r r a n s e c r s  and r n  izhe s p r i n g  sampling E, b a l t h r c a ,  and 

r.he clam, MsPinfa ; a t e r a l i s ,  were  a l s o  faund I n  &he deep s ' c ra ra .  En 

c o n c r a s r ,  a f a u n a l  assemblage was f o n d  th roughout  t h e  y e a r  i n  s h e  

deep strafanm of t r a n s e e r  E where r h e r e  was abundane oxygen d u r i n g  a l l  

 he p e a r ,  

Twa g e n e r a l  t y p e s  OF s p e c i e s  d i s c r 5 b u t f o n  ranges  were found i n  

 he e s r u a r y  d u r i n g  1968-1969: (9) t h x e  s p e c i e s  t h a t  showed no greaE 

changes in ehe  r a n g e  of d i s t r i b u t i o n ,  g,g,, Re cuneaza,  M, phenax, 

and N ,  - -  s u z s i n e a ,  and ( 2 )  chase  s p e c i e s  t h a t  had l a r g e  changes  i n  t h e f r  

Many s p e c l e s  w ~ ~ h  1310 d e n s i c y  levels  a l s o  shewed changes In ~ h e f r  r ange  
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of d i s t r f b u t i o n ,  b u t  t h i s  i s  probab ly  r e l a t e d  t o  problems of s t a t i s t i c a l  

p r e c i s i o n  i n  sampling (Cox, 1958). Both t h e  r e i n v a s i o n  of t h e  mud 

environments  and t h e s e  changes i n  t h e  range  of d i s t r i b u t i o n  a r e  most 

c l o s e l y  r e l a t e d  t o  l a r v a l  t r a n s p o r t  and s e t t l i n g  b e h a v i o r ,  s i n c e  

j u v e n i l e  forms were observed d u r i n g  p e r i o d s  of g r e a t e s t  f l u c t u a t i o n .  

These changes of t h e  macrobenthos can b e  used t o  group t h e  fauna  

i n t o  f o u r  c a t e g o r i e s  based on s e a s o n a l  changes and range  of d i s t r i b u t i o n  

(Table  3 ) .  One group of s p e c i e s  showed a  s t a b l e  range  of d i s t r i b u t i o n  

d u r i n g  t h e  y e a r .  T h i s  group may b e  d i v i d e d  i n t o  two c a t e g o r i e s :  

(1 )  t h o s e  s p e c i e s  t h a t  a r e  found d i s t r i b u t e d  over  most of t h e  e n t i r e  

e s t u a r y ,  g.g., nemertean 5, N. s u c c i n e a ,  - M. phenax,  and - R, ceoneata, 

and ( 2 )  t h o s e  s p e c i e s  whose r a n g e  of d i s t r i b u t i o n  a r e  Bimfted t o  

t r a n s e c t  1, b u t  a r e  a  c o n s t a n t  component o f  t h e  f a u n a l  assemblage,  

e . g . ,  t h e  p o l y c h a e t e s ,  g. d i b r a n c h i a t a ,  Loimia medusa, P e e t i n a r i a  - 

g o u l d i i ,  t h e  s n a i l s ,  Epitonium r u p i c o l a ,  Haminoea s o l i t a r i a ,  - R.  

e a n a l i c u l a t a ,  t h e  b o r i n g  clam, P e t r i c o l a  p h o l a d f f o r m i s ,  and t h e  

h o l o t h u r o i d e a n ,  Lep tosynap ta  i n h a e r e n s .  Another group of s p e c i e s  

t h a t  show f l u c t u a t i o n s  i n  d i s t r i b u t i o n  may a l s o  be  d i v i d e d  i n t o  two 

c a t e g o r i e s :  (1)  t h o s e  s p e c i e s  whose r a n g e  of d i s t r i b u t i o n  f l u c t u a t e s  

over  a  g r e a t  a r e a  of t h e  e s t u a r y ,  g.g,, nemertean b, t h e  p o l y c h a e t e s ,  

H. f r a g i l i s ,  and H. f f l i f o r r n i s ,  t h e  c l a i m s ,  M. b a l t h i e a ,  M, l a t e r a l i s ,  - - - - 

and & a r e n a r i a ,  chironomid l a r v a e  2, t h e  i s o p o d ,  Cyathura  p o l i t a ,  and 

t h e  amphipods, LepidactyLus - d y t i s c u s  and P a r a h a u s t o r i a  long imerus ,  and 

( 2 )  t h o s e  s p e c i e s  t h a t  may be  termed " t r ~ n s i e n t s , ' ~  t h a t  a r e  p r e s e n t  i n  

t h e  b e n t h o s  of t h e  e s t u a r y  o n l y  d u r i n g  one o r  two s e a s o n s  and whose 

r a n g e  of d i s t r i b u t i o n  i s  l i m i t e d  t o  t r a n s e c t s  1 and 2 ,  - e , g , ,  t h e  



a 
Table 3. Seasonal changes in the distribution of macrobenthos 

in the Pamlico River estuary during 1968-1969 

Fall Winter Spring Summer 
SpecPes la2 3 4 1 2 3 4  1 2 3 4  1 2 3 4  

nemertean a + + + +  + + + -  + + + -  + + + +  
Nereis succinea 

Rangia cuneata - + + +  - + + +  - + + +  - + + +  

Glycera dibranchiata + - - -  + +  - -  + - - -  9 - - -  

Pectinaria gouldii + - - -  + - - -  + + - -  + - - -  

Retusa canaliculata + - - -  + + - -  + - - -  + - - -  

Petri,cola pholadiformis 9 - - - + - - -  + - - -  9 - - -  

Leptosynapta inhaerens + + - - + - - -  + - - -  y - - -  

Haploecoloplos fragilis - + - - - + - -  + + - -  - 9 - -  

Heteromastus filiformis + 9 -t- - + - - -  + + + +  + 9 9 + 
Macoma balthica - + + -  - + + -  + + + +  + + + -  
Mulfnia lateralis + + + -  + + + -  + + + -  + - - -  

arenaria - - - -  + + - -  + + + -  - - - - 
ehironomid larva a - - + -  - + + +  - - + + - - - - 
Cyathura + + + +  - - + + - + + +  - + + +  
Lepidactylus dytiscus - + - + + + + +  + + + -  - 9 9 9  



F a l l  Wfnter Sprfmg Summer 
Specres -- 

l a 2  3 4 1 2 3 4  I 2 3 4  1 2 3 4  

a 
i- presence; - absence, 
%umbers represent trensects. 

flarwsrm, Le%splana sp,, she polyd-iaefes,  Diopatra sp., Eteene -9 aPba 

bombyx, species - e, the snafis, Mi~eei3.a i~nata, Nassarrus 

vibex,  Sayell8 specxes 2, che mussel, Braehfodontes reeurvus, 

t he  clams, Gema gemma, Eysszsfa hyal lna ,  and the acorn warm, 

sp . 



Although a  few s p e c i e s  show l i t t l e  f l u c t u a t i o n  of d e n s i t y  v a l u e s  

d u r i n g  t h e  y e a r ,  most of t h e  dominant macrobenthos i n  t h e  e s t u a r y  

undergo g r e a t  changes  f n  d e n s i t y  ( F i g u r e s  8 ,  9 ,  L O ,  1 1 ) .  For i n s t a n c e ,  

I n  t h e  s a n e  sed iments  of t r a n s e c t  4 ,  R. e u n e a t a  shows a n  a v e r a g e  d e n s i t y  

2  
r a n g e  d u r i n g  t h e  y e a r  of 188 t o  243/m . I n  c o n t r a s t ,  - M. b a l t h f c a  a t  

t r a n s e c t  2 h a s  an  a v e r a g e  d e n s i t y  range  of 21  t o  2,689/m2 and - H. 
2  

f r a g i l i s  s f  20 t o  238/m d u r i n g  t h e  y e a r .  Again ,  t h e s e  i n c r e a s e s  a r e  

caused by t h e  j u v e n i l e  s e t .  ...- 

T r e l l i s  d iagram a n a l y s i s  of t h e  d a t a  from t h e  s e a s o n a l  sampl ing 

program ( F i g u r e s  1 2 ,  1 3 ,  1 4 ,  15)  shows t h e  community zones changing,  

w i t h  g r e a t  homogeneity of most of t h e  e s t u a r y  i n  w i n t e r  and sprPng due 

t o  l a r v a l  se t .  The d i v i s i o n s  observed i n  t h e  p r e l f m i n a r y  sampling were 

s t i l l  p r e s e n t  i n  t h e  f a l l  ( F i g u r e  12)  w i t h  t h r e e  g roup ings  of s t r a t a  

e v i d e n t  a long  t h e  d i a g o n a l  l i n e  of t h e  t r e l l i s  diagram t h a t  correspond 

t o  t r a n s e c t  1, t r a n s e c t s  2 and 3 ,  and t r a n s e c t  4.  The deep w a t e r  

s t r a t a  from t r a n s e c t s  2 ,  3 ,  and 4  c o n t a i n  no organisms i n  t h e  f a l l .  

Thus, t h e  same d e l i m i t a t i o n  e x i s t e d  a s  i n  t h e  p r e l i m i n a r y  sampling.  

However, t h e  w i n t e r  d a t a  ( F i g u r e  13)  show a  change i n  t h e  community 

z o n a t i o n  of t h e  e s t u a r y .  I n  w i n t e r ,  two g r o u p i n g s  a r e  p r e s e n t ,  

co r responding  t o  t r a n s e c t  1, and t r a n s e c t s  2 ,  3 ,  and 4 .  I n  a d d i t i o n ,  

due t o  t h e  r e - i n v a s i o n  and l a r v a l  s e t t l i n g  i n  t h e  deep a r e a s  of t h e  

e s t u a r y ,  t h e  deep s t r a t u m  of t r a n s e c t  2  shows a  h i g h  a f f i n i t y  w i t h  

g r e a t  s e c t i o n s  of t h e  e s t u a r y .  I n  t h e  s p r i n g  ( F i g u r e  l 4 ) ,  t h e r e  a r e  

two group ings  composed of t r a n s e c t s  1, 2,  and 4 ,  and t r a n s e c t  4. 

T h i s  f a u n a l  homogeneity o v e r  most of t h e  e s t u a r y  i s  due t o  t h e  

l a r g e  amount of l a r v a l  set of M. b a l t h i c a  a t  t h i s  t i m e ,  The t re l l i s  - 



Figure 8. The range of distribution and density of dominant 

macrobenthos in the sand sedgments in the fall 

sampling of the Pamlico River estuary 





F i g u r e  9 .  The range  of d i s r r f b u t f o n  and d e n s i t y  of d o m h a n r  

maerobenchos i n  sand sed iments  i n  t h e  w i n ~ e r  

sampling of t h e  Pamlico River  e s t u a r y  





Figure 10. The range of distribution and density of dominant 

macrobenthos in sand sedfments in the spring sampling 

of the PamPico River estuary 





Flgure  11, The range sf dfetr~butfon and densnfy sf dsmfnant 

rnacrcbenthcs in sand sedmenss I n  the summer 

sampling of the Parnl?ico RBver sactary 





F i g u r e  12 .  T r e l l i s  d iagram of index  of s f m f l a r f t y  of s t r a t a  of 

t h e  f a l l  sampling of t h e  macrobenthos of t h e  Pamlico 

River  e s t u a r y ;  numbers r e p r e s e n t  t r a n s e c t s  from 

F f g u r e  2(c ) ;  l e t t e r s  r e p r e s e n t  s t r a t a :  S ( s h a l l o w ) ,  

M (midd le ) ,  and D (deep) 



FALL 



F i g ~ r e  2 3 .  Treills diagram sf index sf 8irriliar;ty of srrasa of 

cke wrnzer sampling of che rnacrsbenrhos of the Pamlaeo 

R;ver estuary; numbers repaesenr zransecce f r m  

Elgore 2 ( r ) ;  letcers represens sesasa: S < e h a 4 3 ~ ) ,  

M (mrddie), D (deep]  



WINTER 



F f g u r e  1 4 ,  T r e P l f s  dfagram of index  of s i m i l a r i t y  of s t r a t a  

s f  t h e  s p r i n g  sampling of t h e  maerobenthos of t h e  

PamPieo River  e s t u a r y ;  numbers r e p r e s e n t  t r a n s e e t s  

from F i g u r e  2(c ) ;  l e t t e r s  r e p r e s e n t  s t r a t a :  

S ( s h a l l o w ) ,  M (midd le ) ,  D (deep) 



SPRING 



F i g u r e  15. T r e l l i s  diagram of index  s f  s i m i l a r i t y  of s t r a r a  

of ~ h e  summer sampixng of ehe mzcrobenfhos of ehe 

Pamifco River e s t u a r y ;  numbers r e p r e s e n e  t v a n s e c l s  

from Figure 2 c ) ;  res te r - s  r e p r e s e n t  s t r a t a :  5 ( s h a l l o w ) ,  

M (middPe1, D (deep) 



SUMMER 
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diagram of che summer seasonal data (Pfg~re 45) indicates the communiry 

zones In the estuary are returning to the inltfal segmen~ation of 

transect 1, transecEs 2 and 3, and transect 4. 

It should be kept in mind chat the treP41s diagram is a sbb-jectfve 

procedure 3f obcalnfng community assemblages, Fur~hermore, the concept 

of community itself is a subjest~ve division of what 1s an actuality 

a concfnaoue dnsmibutional change $n an estmry, However, in this 

instance the analysis shows strong evidence af  the above changes. 

Thls is not surprising in view of the drastic changes f n  the distribu- 

tion and densicy of the macrobenchos observed in the sampling program. 
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DISCUSSION 

D e s c r i p t i o n  of t h e  PamPico River  E s t u a r y  

The t e m p e r a t u r e  of t h e  bottom w a t e r  i n  t h e  Pamlico R i v e r  e s t u a r y  

i s  f a i r l y  s t a b l e  a t  any sampling t ime  over  t h e  l e n g t h  of t h e  e s t u a r y ,  

b u t  h i g h  t e m p e r a t u r e s  a r e  r y p f c a l  of t h e  summer p e r i o d .  Temperature  

changes  were  s l i g h t  (1 t o  2O C )  th roughout  t h e  l e n g t h  of t h e  e s t u a r y  

a t  any g iven  t ime .  Hobbie (1970) found t h i s  t y p i c a l  of t h e  t e m p e r a t u r e  

regime of t h e  t o t a l  e s t u a r y ,  a l t h o u g h  i t  i s  most pronounced i n  t h e  

bottom w a t e r .  The t e m p e r a t u r e s  i n  t h e  summer a r e  q u i t e  h i g h  (25 t o  

300 C )  and ,  because  t h e r e  i s  a  h i g h  b i o l o g i c a l  p r o d u c t i v i t y  i n  t h e  

e s t u a r y  t h a t  r e s u l t s  i n  t h e  i n c r e a s e d  u s e  of oxygen, t h e  s t r a t i f i e d  

deep w a t e r  i s  r a p i d l y  d e p l e a t e d  of d i s s o l v e d  oxygen. 

The s a l i n i t y  i n  t h e  e s t u a r y  th roughout  t h e  s t u d y  ranged from l t o  

20 o /oo ,  w i t h  l i t t l e  d i s c e r n i b l e  s e a s o n a l  p a t t e r n ,  Such changes  a s  d i d  

occur  th roughout  t h e  y e a r  a r e  a s s o c i a t e d  w i t h  f r e s h  w a t e r  r u n o f f  and 

f l u c t u a t i o n  of wind d i r e c t i o n .  With r e g a r d  t o  v e r t i c a l  s a l i n i t y  changes ,  

R o e l o f s  and Bumpus (1953) r e p o r t e d  t h a t  s t r a t i f i c a t i o n  of s a l i n i t y  

was n o t  pronounced i n  Pamlico Sound and o c c u r r e d  o n l y  o c c a s i o n a l l y  

i n  t h e  r i v e r .  The l a r g e  s u r f a c e  a r e a ,  s h a l l o w n e s s ,  and t h e  i n t e n s f t y  

of wind a c t i o n  ean account  f o r  t h i s  i n s t a b i l i t y  of t h e  w a t e r  column. 

However, i n  t h e  sound t h e y  found s e a s o n a l  changes  of s a l i n i t y  

a s s o c i a t e d  w i t h  v a r i a t i o n  i n  t h e  f r e s h  w a t e r  r u n o f f ,  w i t h  l o w e s t  

s a l i n i t i e s  i n  February  th rough  May and h i g h e s t  s a l f n i t f e s  in September 

th rough  October .  
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Anoxic condieions occurred in the late summer due to stratification 

of the water overlying the deeper areas, but did nor occur in the shallow 

regions of the escuary. The vertical stratnfication of the water calumn 

resulted from reduced wfnd stress, high emface turb~dicy, and high 

temperarures (Copeland et aE,, 19701, In contrast, in the shalkow 

areas sf the estuary, wind mixes the water eoium. In the fali, when 

wind action Increases, the stratification of the water column breaks 

down, and the bottom waser containing low concentrations of dissolved 

oxygen is mixed with the resr of the wafer mass in the esruary. At 

this the, there are numerous reports of ffsh kills. 

The Sediment 

Tn the PamBico River estuary, there are two main substrate 

types: a sand sedinent in the shalkow areas of  he estuary and a mud 

sediment in the deeper environments. The divfslan between these two 

sediment types is quite sharp and occurs at about 1 - 5  to 2 m. The 

exceptions to this general condition occur ac the deeper areas at 

the mouth of the estuary (transect 1) where b ~ t h  sediment types are 

found, and the area of BEounts Bay (transect 4) where mud sedfments 

are closer to shore. At the mo~th of the estuary, the relatfvely 

greater wind action and current scour the substrate and create these 

differences in deep water sediments. En the Blounts Bay area, a 

wide, diamond shaped bay, a combination of reduced wfnd and current 

aecion aPhws hhe settling out of suspended mater~als, crearfng the 

finer mud sediments nearer the shore, 

The Bow sorting coefficients and seasonal changes in the 

eomposit~on 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 fndicate that these subssrates are composed fn great part 

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

sediment by wave and eurrene action. Also, the seasonal changes observed 

in the particle sfze campssi~nsn of these sediments show the fmportant 

influence of changes in the intengrey of wind and wave action on the 

composition of the substrate, 

Fauna of the Estuary 

General Characteristics 

One characteristic sf the macrobenthos is the high percentage of 

molluscs, comprising 45 percent of the total species list of the 

PamPieo River estuary. Estuarine fauna is usually dominated by 

molluscan forms (Gunter, 1969) since these species, with their heavy 

shells, are well adapted to withstand the abrasfve action of shifting 

sedfment and are able to isolate rhemselves 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 epf- 

fauna do occur in the esruary since mussels and anemones have been 

found in the tanks and &rays at the PamBico Marine Laboratory. One 

epffaunal species that was found during the sampling program, the 

mussel, B. recurvus, was actached to wood fragments lying on the 

sediment, Due to currents, sslting, and the shiftfng of the sediment, 

this mussel does not survive beyond the settling season. It is also 
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interesting to note ehat the oyster, Crasssserea vfrginiea, was n=e 

found daring thls study. Several sampling stations wers oyseer bed 

areas, with a great deal of old shell presenc nn she sedfment, but no 

live oysters were fomd. Since areas adjacent to the rnver are oyster 

produc~ng meas, and the Pamlfeo Rfver itself has been reported as an 

area sf oyster prod~masn, thfs absence is unexplafnable. The oyster 

population mnghr be decimated due eo over exploitation, or i r  could be 

the result of unfavorable salrnfty-temperature regime Qh~gh sumer 

temperatures and flustnating salinfties) such as chose described by 

Gunter (1956) in Texas. 

A third characteriseic 2s  the excreme rmp~rtance of the macro- 

benthos of the shallow regions 1n the prod~c~lvnty sf the benchxc 

eommmrty, Because of the virtual absence of a lunar tidal cycle, 

rhere are few low marsh and tidal flat5 in the estuary, The submerged 

vegetation beds of Rrsppla and Possmogetcn are, therefore, the prime 

input of organic ma~ter to the ecosystem, Also, these weed beds provide 

attachment surface for epiphytes and sediment stability for macrobenthos, 

The deplee~on 3f the maerobenthos in the deeper regions of the estmry, 

due to low oxygen, makes the biolog%caP produc~lvfsy fn these shakiow 

water areas t h a ~  much more important co the energetics of the benthos, 

However, the most prominent characteristne 1s the low diversity 

and densify of the maerobenthos, due in large part to the sakinfsy 

regime fn thfs estuary, Reld (1930) also found thas to De crue for 

rhe meiobeathos of the PamEico River estuary. Kinne (1966) has 

described salinity as the ecologreal master factor affecting 

discributronal patserns of estuarine organisms, and Gunter (1961) 
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h a s  s t a t e d  t h a t  t h e  d i s t r i b u t i o n  of such i n c r e a s e s  from f r e s h  w a t e r  

s e c t o r s  of an  e s t u a r y  t o  t h e  s a l t  w a t e r  zone where mar ine  organisms 

a r e  a b l e  t o  invade  and s u r v i v e ,  and t h i s  f s  t r u e  i n  t h e  Pamlico R i v e r .  

Thus, s f n c e  Pow s a l i n e  sys tems a r e  l e s s  d i v e r s e  t h a n  o t h e r  e s t u a r i n e  

a r e a s  (Copeland -- e t  a l . ,  l 9 7 0 ) ,  and t h e  t o t a l  Pamlico R i v e r  h a s  a low 

t o  moderate  s a l i n i t y  r a n g e ,  t h e r e  is  l e s s  f n v a s i o n  of t y p i c a l  

e s t u a r i n e  fauna  i n t o  t h e  e s t u a r y .  

The r a t e  of s a l i n i t y  change i n  t h e  e s t u a r y  can a l s o  f n f l u e n c e  

t h e  d i s t r f b u t f o n  of organisms and t h u s  c a u s e  low d i v e r s i t y .  Sanders ,  

Maneldorf,  and Hamgson (1965) d f s t f n g u i s h e d  between t h e  f l u c t u a t f o n s  

of s a l i n i t y  i n  t h e  sedfment i n  g r a d i e n t  ( n o n - t i d a l )  and f l u c t u a t i n g  

( t i d a l )  e s t u a r i e s .  En a  f l u c t u a t i n g  e s t u a r y ,  s a l f n f t y  changes  a r e  

r e g u l a r  and of s h o r t  d u r a t f o n  and t h e  s a l i n i t y  of wa te r  i n  t h e  sedimeme 

remains  r e l a t i v e l y  c o n s t a n t ,  I n  c o n t r a s t ,  i n  a  g r a d i e n t  e s r u a r y  such 

a s  t h e  Pamlico R i v e r ,  s a l i n i t y  changes  a r e  u n p r e d i c t a b l e  and of l o n g e r  

d u r a t f o n  and t h e  s a l i n i t y  of t h e  w a t e r  i n  t h e  sediment f o l l o w s  more 

c l o s e l y  t h e  s a l i n i t y  of t h e  o v e r l y f n g  w a t e r .  Under t h e s e  condfc ions  of 

s i g n i f i c a n t  changes of t h e  f n t e r s t f t f a l  s a l i n i t y  i n  t h e  sed iment ,  t h e  

i n f a u n a ,  t h o s e  organisms l f v i n g  i n  t h e  sed iment ,  must contend w i t h  a 

changing s a l i n i t y  regime,  r e s u l t i n g  i n  a p p r e c i a b l e  p h y s i o l o g i c a l  

stress. I n  such a n  e s t u a r y ,  we, t h e r e f o r e ,  f i n d  a pronounced r e d u c t i o n  

i n  d i v e r s i t y  . 
Another f a c t o r  r e s p o n s f b l e  f o r  low d i v e r s i t y  i s  t h e  u n s t a b l e  

sediment  c o n d i t i o n s  found i n  t h e  e s t u a r y .  S e v e r a l  i n v e s t i g a t o r s  

(KPane and Dfck ie ,  1957; Burbank, 1962) have emphasized t h e  need f o r  

a  s t a b l e  sed imenta ry  environment f o r  i n f a u n a l  macrobenthoe.  Such s p e c i e s  
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must be able to ma~nsain thefr position in the sediment so t h a ~  they 

are in contact with ohe s~rface, and many dwell In tubes constructed 

of sand or In b~rrows. The shiftnng of sand makes these activities 

drffaculte Also, she mud sed~ments, composed of large amounts of 

clap sized materials, are particularly unfavorable for she benshss 

snnce their feeding apparztus are cl~gged and burrolhikng activl?ies 

are hampered xn ehe flne sedimens, In addktion, the mud sediments 

contain high organic natzer conrentra~fons, due in la~ge measure to 

a high large amomt of fecal pellets presenr (Reld, 1970), 

In the deeper areas of the estuary, a thfrd faztor responsible for 

che observed low diversfry is the annual occarrence of ansxic condftions, 

CouEE (1970 j  relased the recurrenr absence of memfacna In Bermuda to 

anoxlc conditions accompanying a thermocline present in June through 

Oecober. Such an annual catastrophic 2epLetnen of the benthos results 

in a "proneer" type of communrtgr thac is typically less diverse. 

Many resear-hers have shown that despxre a gradlent sf envirsn- 

mental factors such as salini~y and sedmenc compositnon, fanrly 

abrup~ faunal changes exis' almg the Yengch c ~ f  an estuary that 

divide che fauna Into comunfcy groupnngs, These faunai assemblages do 

not exnsc as sharply delineated groupfngs of specnes, each wleh 

fdent~cal dlstrlbuefonal patterns, since the populatfon range cf each 

species is nnfluenced sonewhat differently by the poiyiacoorial gradlent 

changes I n  envirmmencak condttfons, B G ~  bi~hglcal tnteraetions do 

influence ~hese ranges of dxstribution and, sherefore, p l a y  an 

Importans role in the creation of faunal assemblages along an 
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estuarine gradient. Thus, we can distinguish communfty groupings and 

use these units fn 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 010s 

(Day, 1951). Also, the oligohaline zone is the area subjected to 

the most fluctuation of salinity due to frregular 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 thfrd 

segment, located at the mouth of the estuary (stratum K), is a poly- 

haline zone with salinities at or above 18 o/oo. The salinity pattern 

of this area sf the estuary resembles that of Pamlfco Sound where the 

salinity averages 20 o/oo during the year (Roelofs and Bumpus, 1953). 

Reid (1970) found a similar division into three parts of the mefobenthos 

sampled in the summer of 1968. 

A Rangfa cuneata-Nereis succinea association is characteristic sf 

the oligohaline area of the estuary. - R.  cuneata fs a dominant bivalve 

in low salinfty environments of southern estuarine systems from 

Virginia into the Gulf Coast (Bookhout, 1964; Wass, 196%), The soft 

sRelI clam, - M, arenaria, is the dominant bivalve in olfgohaline environ- 

ments of boreal climates, but this species is replaced by - R. euneata in 

more temperate areas (Copeland et al., 1940). The density (average 



2 
275jm of R, cuneata is quite high in rhis segment of ehe essuarp. 

2 
Akehsugh Odum (1967) regarded 40/m as high in a Texas estuary, 

Forcer (personal communicarfon) has found dena~ries of - R. ouneata 

2 
up to SBOjm in che Neuse Rrver, North Carolma, an estuary that 1s 

ecslogscaiiy similar t o  rhe PamEico Rfver, The polychaete, N, 

succrnea, 1s .&.so typically found in Eew salsne water, b u ~  it is 

also the charaeteristfc polychaete in estuarine warers fn general, 

Odum and Copeland (1970) gave che saiiniey range at summer Cemperatures 

3 (20 t3 27 C )  of this species as 9 to 31 o/oo, However, in the 

PamHie~ Rxver, t h ~ s  species was found rhroughsut che esesary and its 

maximum n-~mbe~s were 4oea~ed in the oligohaline zone, This agrees 

wich Paincerss (1966) findings rhsc anneifds were numerically more 

important. az the fresh water end sf the estuary, Anorher species 

femd mostPy in this okigohaline seetlon of rhe escuary is the 

amph~pod, 5. , whrch is usually found in i3w salinity environ- 

ments (Burbank, 1962). 

A Macema "DaEthica-Heteromasrus filiformas-Rereis s~ccinea ---- 
associat~on is characteristic of the mesohdine zone af ~ h e  estuary. 

Muus (2367) stated that the reilinfd clam, - M, balshlca, is  he 

dominant bivalve 1s messhaline environments, and Laakss (1965) in 

Norway and Hanks (1968) in Maryland have reported the exfs~ence of 

Maeoma-Nereis associations in similar mesohaline environments- 

Porter (personal communPcarfon) also reported - M. balth~ca t o  be the 

dominant form in the Neuse Rlver within rhe aalinety range of 8 to 

13 o/oo, It ns fnterest~ng rhac the sharp decrease in numbers of 

M, balthiea at stratum H corresponds with a drastic reductfen of - 



t h i s  s p e c i e s  i n  t h e  P a t u x a n t  R i v e r  e s t u a r y  i n  Maryland (McErlean, 

1964) a t  comparable s a l i n i t y  l e v e l s .  Although t h i s  r e d u c t i o n  might  

be  some e f f e c t  of " s a l t  w a t e r  shock" (Odum and Copeland, 19701, i t  

might  n o t  b e  d i r e c t l y  due t o  p h y s i c a l  env i ronmenta l  f a c t o r s ,  McErlean 

sugges ted  t h e  p o s s i b i l i t y  of b i o l o g i c a l  i n t e r a c t i o n s  a s  t h e  c a u s e  of 

t h i s  phenomenon, and P o r t e r  s t a t e d  t h a t  t h e  r e l a t e d  s p e c i e s ,  - M. phenax, 

r e p l a c e s  g. b a l t h i c a  i n  more s a l i n e  w a t e r s  i n  t h e  Neuse R i v e r .  T h i s  

seems t o  be  t h e  c a s e  i n  t h e  Pamlico R i v e r .  The c a p i t e l E d  p o l y c h a e t e ,  

H. f i l i f o r m i s ,  i s  p r e s e n t  throughout  t h e  e s t u a r y ,  b u t  i t  i s  more - 

prominent i n  t h i s  mesoha l ine  s e c t i o n .  Dean and Haskin (1964) r e p o r t e d  

t h i s  s p e c i e s  i n  summer samples t a k e n  i n  R a r i t a n  Bay, New J e r s e y ,  Pn 

a r e a s  w i t h  a  s a l i n i t y  r a n g e  from 1 t o  20 o /oo .  Wass (1963) s t a t e d  t h a t  

members of t h e  Family C a p i t e l l i d a e  r e p l a c e  Tubi fex  s p e c i e s  as p o l l u t a n t  

i n d i c a t o r s  i n  e s t u a r i n e  environments  and ,  of c o u r s e ,  R a r f t a n  Bay i s  

ex t remely  p o l l u t e d .  However, t h e  prominence of t h i s  s p e c i e s  i n  t h e  

Pamlico River  i s  probab ly  due t o  t h e  h i g h  t e m p e r a t u r e s  and h i g h  o r g a n i c  

m a t t e r  l e v e l s  i n  t h e  e s t u a r y  and i s  n o t  r e l a t e d  t o  p o l l u t i o n .  - M ,  

l a t e r a l i s  i s  a n o t h e r  b i v a l v e  found i n  lower numbers i n  t h i s  mesoha l ine  

s e c t i o n  of t h e  e s t u a r y .  P o r t e r  ( p e r s o n a l  communfcation) observed  

t h a t  t h i s  s p e c i e s  r e p l a c e s  g. c u n e a t a  i n  more s a l i n e  w a t e r s  i n  t h e  

Neuse R i v e r .  Another c h a r a c t e r i s t i c  p o l y c h a e t e  whose r a n g e  of 

d i s t r i b u t i o n  i s  r e s t r i c t e d  t o  t h i s  mesohalfne  zone is  - H. f r a g i l i s .  

A Macoma phenax-Mulinia I . a t e r a l i s - G l y c e r a  d i b r a n c h i a t a  a s s o c i a t i o n  

i s  c h a r a c t e r i s t i c  of t h e  p o l y h a l i n e  s e c t i o n  l o c a t e d  a t  t h e  mouth of 

t h e  e s t u a r y .  I n  t h i s  s e c t i o n  of t h e  e s t u a r y ,  dominance i s  l e s s  obvious  

due t o  t h e  r e l a t i v e l y  h i g h  d i v e r s i t y  and t h e r e  i s  r e a l l y  no s i n g l e  



dominant form, This area of rhe mouth of the esruary 5s subjecc to the 

grearest influence of the sound zone of this estuarine complex. The 

snail, g ,  eanalieulata, is also found only fin this area of the estuary. 

A dek5mitacion sf faunal assemblages with the method of analysis 

of recurrent groups in-croduced by Fager (19571 resulted in the 

ident~ffcat~on of - M* bzlth~ca, - N.  suecfnea, - H, fiEiformfs, and nernertean 

& as an asssdated group of species in this escuary, However, che - 

imporsance 3f this delineation is unclear. The methods employed in ehe 

analysis place quite seringent requirements upon assemblage differentfa- 

t f s n ,  In an estuarine environment, with fcs greae gradient changes, 

chese restricefms are perhaps too strict to detect more subtle community 

groupings. Yet, fhis recurrent group does correspond with the assoclatisn 

listed as characeeristnc sf rhe large mesohaline psrtfon of the estuary 

and would be an ineeresting group of species in which to explore 

biological interactions and community structure, 

Changes in  he remperaeure and dlssokved oxygen are factors that 

are responsible for several fluctuations of the macrobenthos, especA.ally 

in the deeper areas of the estuary. - H, filiformis was the only species 

showing greatest numbers in the summer samplfng sf the macrobenthos, and 

N .  succfnea was also quite abundant at this time of the year. Warinner - 
and Brehmer (19651 reponred that these polychaezes are exsremeky 

soleranc of high temperacures and were found to be the only s~rvivors 

by late summer f n  a thermally polluted estuary. This tolerance of 

high temperatures could be a facsor in the large increase of - H, 

ffliformis found fn the summer in the Pamlico River estuary, WPrh regard 
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t o  t h e  deep a r e a s  of t h e  e s t u a r y ,  t h e  anox ic  c o n d i t i o n s  of t h e  w a t e r  

o v e r l y i n g  t h i s  a r e a  i s  t h e  c h i e f  f a c t o r  r e s p o n s i b l e  f o r  t h e  d r a s t i c  

changes o c c u r r i n g  th roughout  t h e  y e a r  s i n c e  t h e  annua l  c a t a s t r o p h i c  

k i l l  of a l l  t h e  macrobenthos i n  much of t h e  deeper  a r e a s  means t h a t  

t h e  community must b e  newly r e c r u i t e d  each y e a r .  

However, hydrodynamic f a c t o r s  such a s  c u r r e n t  changes and 

a s s o c i a t e d  s e t t l i n g  of p l a n k t o n i c  l a r v a e  a r e  a l s o  of pr ime importance 

i n  i n f l u e n c i n g  t h e  s p e c i e s  compos i t ion  of t h e  macrobenthos .  Bumpus 

and P i e r c e  (1955) r e p o r t e d  t h a t  t h e r e  is  a s p o r a d i c  change of c u r r e n t  

p a t t e r n s  a l o n g  t h e  c o a s t  of North  C a r o l i n a  and t h a t  t h e s e  changes  

r e s u l t  i n  t h e  f l o w  of c o a s t a l  w a t e r  from V i r g i n i a  i n s h o r e  t o  t h e  c o a s t  

of North  C a r o l i n a .  The p l a n k t o n i c  l a r v a e  c a r r i e d  by t h e s e  c u r r e n t s  

e x p l a i n s  t h e  new s e t  of t y p i c a l l y  n o r t h e r n  f a u n a ,  such a s  - M .  a r e n a r i a ,  

and t h e  i n v a s i o n  of o t h e r  e s t u a r i n e  s p e c i e s  i n t o  t h e  Pamlfco R i v e r  

d u r i n g  t h e  f a l l  and s p r i n g  p e r i o d s .  Thorson (1966) ,  i n  h i s  r e v i e w  s f  

f a c t o r s  r e s p o n s i b l e  f o r  t h e  e s t a b l i s h m e n t  and r e c r u i t m e n t  of  m a r i n e  

b e n t h i c  communities,  s t a t e d  t h a t  a  dominant s p e c i e s  may d i s a p p e a r  

from l a r g e  a r e a s  d u r i n g  c e r t a i n  s e a s o n s  due t o  u n f a v o r a b l e  env i ron-  

m e n t a l  c o n d i t i o n s  d u r i n g  t h e  s e t t l i n g  of t h e  p l a n k t o n i c  l a r v a e ,  A 

g r a d i e n t  e s t u a r y ,  such a s  t h e  Pamlico R i v e r ,  undergoes  more g r a d u a l  

changes  of env i ronmenta l  f a c t o r s ,  such  as s a l i n i t y ,  t h a n  a  f l u c t u a t i n g  

e s t u a r y  t h a t  undergoes  env i ronmenta l  changes  a s s o c i a t e d  w i t h  a t i d a l  

c y c l e .  I n  such  an  e s t u a r y  a s  t h e  Pamlico R i v e r ,  Sanders  - e t  -* a 1  9 (1965) 

s t a t e d  t h a t ,  w h i l e  many of t h e  s p e c i e s  of t h e  macrobenthos a r e  b r o a d l y  

d i s t r i b u t e d  th roughout  t h e  e s t u a r y ,  t h e  main c e n t e r s  of d i s t r i b u t i o n  

a r e  l i m i t e d  t o  a  r a t h e r  s p e c i f i c  p o r t i o n  of t h e  sys tem.  I t  i s ,  
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therefore, possible that the fndfvfduaE organxsms exfstfng at the 

periphery of ehe distriburion range of a species do so under sub- 

oprfmai condnnions, ;n this sftuatisn a continual recruLtinenr of 

larvae from the  marn areas of abundance might be necessary to maintam 

ehese peripheral portions of rhe popula~un. It is sbvfous that such 

recruitment is subject ro variation due t c  hydrodynamic changes in 

rurrenc patterns, and thus Harrison and Wass (1965) spoke of hydro- 

dynamically eonrrolled distribu~ion of macrobenthss fallowed by 

enviroamentaP selecsion, 

The Parval sectling of juvenile forms as responsible for the 

observed changes in diserfbutfon and abundance of much of the macre- 

benthos. In the escuary there exfsts two recognizable periods of 

settling accfvity: (1) in the fall, where rhe juveniles show up in 

cKe winter samples; and ( 2 )  En the spring, where the newly see Drganlsms 

occur In rhe sprmg samples, Nct only is this Parval settlfng important 

in the mud environments where annual recruitment re-establfshes the 

comm~nity after the sanmer kill, but is also important in the shallower 

sandy areas of  he estuary, It is interesting to note that speefes 

withour a planktonic larval stage do no-c exhibit vast changes in 

densisy associated wash rheir range of dissribution, One example of 

chis Fs - N, suecinea, whose range of dfstrfbutfon and density are 

relatively srable in this estuary, a condition also nored by Hanks 

(19681 In Maryland. The larvae of this species do nat have a 

pYanktonlc existence buz remain on rhe sedimenc surface or fn the 

parental burrows (Green, 1968). Another example, Gema gemma, a -- 
bnvalve chat occurs in great numbers rn more saline sectors of 



North C a r o l i n a ,  i s  found i n  ex t remely  low numbers d u r i n g  t h e  w i n t e r  

i n  r h e  P a d i c o  R i v e r ,  T h i s  s p e c i e s  i s  o v o v i v i p a r o u s ,  t h e  young 

brooded i n  t h e  demibranchs of t h e  a d u l c  (Selmer,  1967) .  

The j u v e n i l e s  of s e v e r a l  s p e c i e s  were found i n  t h e  w i n t e r  sampl ing 

due t o  spawning a c t i v i t i e s  i n  t h e  f a l l :  - M .  phenax, - M. l a t e r a l i s ,  ga 

a r e n a r i a ,  R. c u n e a t a ,  2. r e c u r v u s ,  - H. f r a g i l i s ,  and - L, i n h a e r e n s .  

R ,  cuneaca h a s  been r e p o r t e d  by F a i r b a n k s  (1963) t o  have a  d u a l  - 

spawning c y c l e  i n  t h e  f a l l  and s p r i n g  i n  Lake P s n t c h a r t r a i n ,  L o u i s i a n a ,  

and Pf i t zenmeyer  and Drobeck (1964) have conf i rmed t h e  f a l l  spawning 

a c t i v i t y  i n  V i r g i n f a .  I n  t h e  Pamlico R i v e r ,  a d u l t  forms e o n t a i n i n g  

mature  gametes have been o b s e r v e d ' d u r i n g  t h i s  s t u d y  o n l y  i n  t h e  f a l l .  

The s e t t l i n g  p e r i o d s  f o r  t h e  r e s t  of t h e s e  s p e c i e s  a r e  i n  agreement 

w i t h  Shaw (1965) who found - M, phenax,  M. l a t e r a l i s ,  - M. a r e n a r i a ,  and 

B. r e e u r v v s  having s e t t l i n g  p e r i o d s  d u r i n g  t h e  f a l l  p e r i o d ,  Shaw - -- 
a l s o  found - M .  b a l t h i e a  and - M. a r e n a r i a  t o  have a  d u a l  f a l l - s p r i n g  

spawning c y c l e .  T h i s  was n o t  observed f o r  - M, b a l t h i c a  i n  t h e  Pamlico 

River  and no e x p l a n a t i o n  i s  e v i d e n t .  M. a r e n a r i a ,  however, i s  n o t  

normal ly  found i n  t h i s  e s t u a r y ,  and any s p r i n g  p l a n k t o n f c  l a r v a e  

c a r r i e d  i n t o  t h e  Pamlico River  would n o t  s u r v i v e  t h e  warm s p r i n g -  

stlmmer t e m p e r a t u r e s .  

During t h e  s p r i n g  sampling p e r i o d ,  j u v e n i l e s  of - M .  baEthPea and 

N ,  s u c e i n e a  were observed i n  g r e a t  numbers i n  t h e  macrobenthos due  t o  - 

new s e t .  Shaw (1965) a l s o  r e p o r t e d  a  comparable spawning p e r i o d  f o r  

M. b a l t h i c a  and Hanks (1968) s t a t e d  t h a t  N .  s u c c i n e a  spawns a t  t h i s  - - 

p e r i o d  i n  t h e  Tred Avon R i v e r ,  Maryland. 
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Such s e c t l i n g  a c t f v i t y  a s s o c i a t e d  w i t h  t h e  f s l l  and s p r i n g  p e r i d s  

r e f l e c t  a d a p t i v e  behav ior  t o  t a k e  advaneage of t h e  g r e a t  i n c r e a s e s  of 

food s o u r c e s  nn t h e  e s t u a r y  a t  t h e s e  r5mes. Thorson (1957) and Muue 

(1967) have men:;oned &ha% t h e  spawning of benlchos c o f n c i d e s  w i t h  t h e  

availability 3f food i n  an  e s t u a r y .  The s p r i n g  p e r i o d  i s  t h e  rlme of  

p l a n k t o n ~ c  blooms and t h e  p l a n k t o n i c  l a r v a e  may t a k e  advan tage  of t h l s  

;ncrease  in snspended food s o u r c e s  st t h i s  trme. During t h e  Bare 

summer and f a l l ,  t h e  a q ~ a t i c  macraphyses s r a r t  to decay,  and t h e  

i n c r e a s e d  wend a c r i o n  and scour rng  of t h e  sed iments  of t h e  s h o r e  

a r e a s  r e s u l t s  i n  b r e a k l n g  o f f  of a  g r e a t  p o r t i o n  of t h e  weed beds .  

Thfs m a t e r i a l  i s  sweps i n t o  t h e  e s t u a r y  and b r e a k s  down i n t o  s m a l l  

p a r t i c P e s ,  much of which i s  suspended f n  t h e  w a t e r  column. T h i s  

c r e a t e s  s l a r g e  r e s e r v o i r  of o r g a n i c  m a c e r i a l  c h a t  may b e  e x p l o ~ r e d  

by t h e  f a l l  p l a n k t o n i c  l a r v a e .  I n  add i t l .on ,  t h i s  m a t e r i a l  e v e n t u a l l y  

s e t t l e s  on t h e  bcczon a t  abouc t h e  same t lme  t h e  l a r v a e  s e t t i e  t o  a 

benthac e x i s t e n c e  and i s  a  f u r t h e r  s o u r c e  of food f o r  t h e  organisms 

(S tephens ,  Sheldon,  and P a r s o n s ,  1967) .  

Thns infl~x s f  new s e t  d u r i n g  che w i n t e r  and s p r i n g  i s  t h e  pr ime 

f a c s o r  r e s p o n s i b l e  f o r  t h e  changes i n  a r e a s  s f  community assemblages  

i n  t h e  estuary. I n  w i n t e r  and s p r f n g ,  t h e  g r e a t  homogenenry of t h e  

fauna  of t h e  e s t u a r y ,  a s  shown by t h e  t r e l l i s  d iagrams s f  f a u n a l  

s 5 m x l a r i r y ,  IS caused by c h i s  l a r v a l  s e t  and t h e  t h r e e  community 

a r e a s  found i n  t h e  summer and f a 1 1  d a t a  a r e  d r a s t i c a l l y  a l c e r e d  by 

t h e  p r e s e n c e  of t h e  j u v e n i l e  forms,  A s  t h e s e  newly s e t  organisms 

are  reduced o r  e lnmina ted  by env i ronmenta l  s e l e c t i o n ,  t h e  eommunfry 

a r e a s  I n  t h e  e s t u a r y  r e t u r n  r o  t h e  i n i t i a l  segmenta t ion ,  Due t o  



71 

these changes observed in the spatial delimitation of community 

groupings, ft is evident that any future work must take into account 

these seasonal changes of the macrobenthos. 

Sedimentary Relationships 

Several researchers have emphasized the importance of animal- 

sediment relationships on the dfstribution of benthos of level 

bottom communities, but in estuarine environments the value of thfs 

approach is minimal due to the overriding importance of other environ- 

mental factors. An example of the successful application of thfs 

concept is the work of Sanders (1958) who used sediment criteria to 

distinguish between sand and mud bottom communities in Buzzards Bay, 

Massachusetts. He found the distribution of domfnant deposit feeders 

correlated with percentage clay composition of the mud sediments, and 

the distribution of filter feeders related to the sorting coefficient 

and median grain size sf the sand sediments. In contrast, Muus ( 1 9 6 9 )  

stated that in estuarine environments other factors such as salinity, 

dissolved oxygen, and seasonal changes are more important than 

sediment composition in influencing species distribution. Most 

estuarine organisms have a wide range of habitat selection, at least 

as far as the substrate is concerned, and any attempt to establish 

relationships between sediment composition and specfes presence and 

density fs fruktless. This is because sedimentary effects are con- 

founded with other environmental parameters such as depth, salinity, 

and seasonal changes, and it is practically impossible to distinguish 

more subtle environmental controls such as sediment composition 

within a reasonably sized sampling program. Also, fn the Pamlico 



River the annual occurrence of anoxie conditions in the boctom waters 

overlyfng rhe mud communfty further esmplncaces any underssandfng of 

sediment effects on an eseablished benthic eommunaty, 

Even so, the distribution of severa; specfes in the Pamlfco River 

is related ro gross sedfment differences of mad and sand, The beat 

example, 5, euneata, fs only found 9n sand sediments nn the Pamlico 

River, Although new see of this species as lound in the mud areas In 

ehe winter, chese quickly dzsappear due r s  environmental selection, 

Tensre, Emton, and D&e (1968) have shohm chat mud sediments, 

especially with high concentrations of Drganie matter, adversely 

affeer sarvlvai and graweh of this species. 2. polisa was also found 

only In sand substrates, and Burbank (1962) has shown that chrs 

species is ressrlcted to srable sand sedfnenrs, Other species that 

were found on;y in sand sediments v e x  R, eanalieulata, - - L, fnhaerens, 

H. filiformis, and H. frag:iis, On the other hand, the ehironomnd - -  - 

larvae were fxind oniy in mud sediments, and this agrees wfrh Eaakss's 

work (1967) chat showed chirmomid eo be exclusrvely found fn soft 

befcom sediments. The borkng clam, - P. phekadiformis, was found only 

in fhe  outcrop of blue clay at che mouth of rhe estuary, 

However, the maloricy of the domfnant species in the estuary were 

present in both sedimenr types due rs the ubiquizous set of the larvae, 

N, succinea, M, Barerahls, M, bakhlca, and Me phenax were found Pn - - - -  - 

both sand and mud sedments, Hcwever, the annual klll due to the 

adverse dissolved oxygen levels presenred these organisms from 

permanently establishing themselves in the mud sediments, and it fs 

unclear whether or nor. these organisms would have survived given more 

favorable disscived oxygen levels 



P o s s i b l e  E f f e c t s  of P o l l u t i o n  

Phosphate  mining a c t i v i t y ,  t h e  p o s s i b l e  d redg ing  of a  deep d r a f t  

channe l ,  t h e  p o s s i b l e  c o n s t r u c t i o n  of a  h u r r f c a n  e a r t h e r n  dam, and 

n u t r i e n t  enr ichment  due t o  p o p u l a t i o n  i n c r e a s e  i n  t h e  a r e a  s f  t h e  

wa te r shed  a r e  f o u r  s o u r c e s  of f u t u r e  change f o r  t h e  Pamlico River  

e s t u a r y ,  I n  1966, Texas Gulf S u l f u r  began t h e  s t r i p  mining of 

phospha te  d e p o s i t s  n e a r  Aurora ,  North C a r o l i n a  t h a t  h a s  l e a d  t o  

i n c r e a s e d  phospha te  l e v e l s  i n  t h e  e s t u a r y .  I n  a d d i t i o n ,  t h e  U, S, 

Army Corps of Engineers  h a s  under c o n s i d e r a t i o n  a  deep d r a f t  channe l  

i n t o  t h i s  s h a l l o w  e s t u a r y ,  and r e c e n t l y  t h e  p o s s f b l e  c o n s t r u c t i o n  of 

a  h u r r i c a n  dam and highway a c r o s s  t h e  e s t u a r y  h a s  been c o n s i d e r e d .  

Along w i t h  t h e  economic development i n  t h e  a r e a ,  t h e  p o p u l a t i o n  of 

t h e  c i t i e s  and towns h a s  grown w i t h  a r e s u l t a n t  i n c r e a s e  of sewage 

and w a s t e  p r o d u c t s  e n t e r i n g  t h e  e s t u a r y .  

I n  any s t u d y  of t h e  e f f e c t s  of p o l l u t i o n ,  t h e  ben thos  a r e  u s e f u l  

i n d i c a t o r s  due t o  t h e i r  commercial v a l u e ,  importance i n  che e n e r g e t i c s  

of t h e  ecosystem,  and t h e i r  immobf l i ty ,  Many of t h e  b e n t h o s ,  - e . g , ,  

c r a b s ,  o y s t e r s ,  and c lams ,  a r e  commercia l ly  i m p o r t a n t  s p e c f e s  t h a t  

s u p p o r t  a  l a r g e  i n d u s t r y  f n  e a s t e r n  North  C a r o l i n a .  I n  a d d i t i o n ,  t h e  

ben thos  a r e  a  major  food s o u r c e  f o r  many of t h e  commercial and s p o r t  

f i s h .  T h e r e f o r e ,  any e f f e c t  of p o l l u t i o n  on t h e s e  s p e c f e s  would a l s o  

a f f e c t  t h e  eco logy  of most of t h e  b i o t a  of t h e  e s t u a r y ,  Because t h e  

ben thos  a r e  s t a t i o n a r y  and a r e  s u b j e c t e d  t o  t h e  env i ronmenta l  c o n d i t f o n s  

where they  o c c u r ,  t h e  ben thos  a r e  much b e t t e r  i n d i c a t o r s  of p o l l u t f o n  

t h a n  o t h e r  s p e c i e s  such  a s  f i s h ,  t h a t  a r e  a b l e  t o  move i n  and o u t  of 

a r e a s  of p o l l u t i o n .  Due t o  t h e  l o n g e r  l i f e  span  of t h e s e  organisms,  
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they are also fnd~cators of iong term enzvlronmental changes and are, 

thus, usefai in the study ef low levels of eurrophfcation. 

The benthos sf Pow saPFne eszuarfes, such as the Paminco River, 

have lzw species d~versiey snd density dxe foArhe stressing envrrsn- 

mental cenditfons and simplified energy pa~hways f n  che eeosystem- 

W~hlschPag and C~pePand (1970) discussed the ecslog~cal. factors 

affecting snrh estuarane systems, They poinsed out that one reason 

f o r  the i o ~  diversity is the Pmited number of species adap~ed to rhe 

stress conditions of bsoh varying salmity, turbidity, and dissolved 

oxygen, and ~f the anstable substrates in  he eetuarxne environment, 

dns~her reason for che low diversfry fs the simpliffed food chains 

fowd in estuaries- Whereas most aquatrc ecosystems support an 

inrricate a d  complex food web, low saline estuaries tend to have 

simpiifned f e d  chains based p~fmarliy on derrEcal energy pathways, 

Such low ssline comunicies are fragile sys~ema due to the Bow 

dfvers~ty and simpk~fled food chams. Since few species are found m 

slfgohallne communities, should any of the fauna be eliminated due to 

the effect of pollution the chances are elxghc chat other species 

would func~2onaily replace them in rhe system. This Isw d~versfty 

also affects  he structure of the communnry and is related t3 the 

"lnformationv' concepE formdared by Margalef (1968),  Csmmunit~es of 

organisms are organized through infcrmat~on transmitted by the inrer- 

relatfons sf organisms, The more diverse a system, she more organized 

it IS, and lz is said to contain more nnformatron, This community 

organization is the result sf an intricate system of regularsry 

meshanisms such as predator-yzx?~ and paras~te-host relatfsnships 
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t h a t  p r e v e n t  extreme p o p u l a t i o n  f l u c t u a t i o n s ,  and such  h i g h l y  o rgan ized  

communities a r e ,  t h e r e f o r e ,  s t a b l e ,  I n  c o n t r a s t ,  a  low d i v e r s i t y  

sys tem c o n t a i n s  l e s s  i n f o r m a t i o n  and i s  r e l a t i v e l y  u n s t a b l e .  The 

s i m p l i f i e d  food c h a i n s  p r e s e n e  i n  t h e s e  communftkes a r e  a l s o  r e s p o n s i b l e  

f o r  t h e  f r a g i l i t y  of t h e  community, H a f r s t o n  (4969) s t a t e d  t h a t  eom- 

muni tkes  a r e  more s t a b l e  when t h e y  a r e  adap ted  t o  f u l l y  e x p l o i t  t h e  

energy i n p u t  f n t o  t h e  sys tem,  The more d f v e r s e  a  sys tem,  che more 

p o s s i b i l i t i e s  of e f f i c i e n t  energy u t i l f z a t f o n  and,  t h u s ,  t h e  more 

s t a b f l f t y .  Pn c o n t r a s t ,  a  l e s s  d i v e r s e  communfty made up of 

r e l a t i v e l y  s fmple  food c h a i n s  i s  more u n s t a b l e  s i n c e  s t r e s s  from 

p o l l u t i o n  may d r a s t i c a l l y  a l t e r  t h e  s imple ,  d e l i c a t e l y  ba lanced  energy 

pathways by a f f e c t i n g  on ly  one s p e c i e s .  It i s ,  t h e r e f o r e ,  e v i d e n t  

c h a t  p o l l u t f o n  e f f e c t s  could  be  q u i t e  s t r i k i n g  upon such  a  f r a g i l e  

community. 

P o s s i b l e  changes due t o  phospha te  mfnfng and o r g a n i c  enrfchment  

a r e  r e l a t e d  t o  one a n o t h e r  i n  t h e  Pamlfco R i v e r  e s t u a r y  s i n c e  any 

e u t r o p h i c a t i o n  due t o  t h e  added phosphate  w i l l  depend on t h e  n i t r o g e n  

Bevels I n  t h e  e s t u a r y .  Hobbie (1930) h a s  shown t h a t  c o n s i d e r a b l e  

amounts of phospha tes  have been i n t r o d u c e d  by mfnfng w a s t e s  i n t o  a n  

e s t u a r y  n a t u r a l l y  r i c h  i n  phospha tes ,  However, t h e r e  a r e  few d i s -  

c e r n i b l e  b f o l o g f c a l  e f f e c t s  of t h e  added phospha te ,  - e m & . ,  i n  a l g a l  

d e n s i t i e s  o r  p h o t o s y n t h e s i s ,  From n u t r i e n t  s t u d i e s  i t  a p p e a r s  t h a t  

n i t r d g e n  i s  l i m i t i n g  i n  t h e  e s t u a r y .  However, t h e  phospha te  csn- 

c e n t r a t i o n s  of t h e  Tar  River  i n f l o w  i n t o  t h e  e s t u a r y  have t r f p l e d  

over  t h e  l a s t  t h r e e  y e a r s ,  and f t  i s  l i k e l y  t h a t  t h i s  phospha te  i s  

accompanied by n i t r o g e n  from a  sewage s o u r c e .  With t i m e ,  t h e  
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a d d i ~ i o n  sf t h i s  n i t r o g e n  w i l l  r e s u l t  i n  i n c r e a s e d  pr lmary p r o d ~ c t g v i t y  

and a l g a l  b h m a .  A i l m r t e d  i n c r e a s e  s n  t h e  productivity s n  t h e  e s w a r y  

would mr. be  neressar i3 .y  ha rmfu l ,  However, dae ro t h e  anox ic  c ~ n d P ~ i o n s  

ehas  nsw occur  i n  t h e  e s m a r y ,  t h i s  i n c r e a s e  i n  a l g a l  d e n s f e f e s  and t h e  

p r o d s c e i o a  05 l a g e r  amounts of d e i z r ~ t u s  I n  t h e  sys tem could f u r e h e r  

i n t e n s i f y  t h e  d e o s y g e n a o ~ o n  of t h e  w a t e r  czlumn and t h e  r e s u i c a n t  k i l l s  

of bemrhos and o r h e r  c o m m e r ~ i a i l y  impor tan t  s p e c f e s "  

O w e  of t h e  p o s s i b l e  e f f e c t s  s f  t h e  proposed deep d r a f t  channe l  

c o ~ f d  b e  an i n c r e a s e  of t h e  a n o n @  c o n d i t a o n s  i n  t h e  escuar l -  d m  t3 t h e  

deepenmg of she w a t e r  ed.umn and t h e  o x l d a r i o n  of sediment  o r g a n i c  

macter  smpended  In ehe waeer column by d redg ing  g p e r a t i o n s ,  S i n c e  

c h e r e  f s  LniztEe b i s h g % c a l  p r o d ~ c ~ i v ~ t y  3f t h e  benrhos  i n  r h e  deeper  

a r e a s  of t h e  e s e u a r y ,  r h e  e r e a t i a n  of z deep channe l  i n  t h i s  a r e a  

would n 3 t  g r e a e l y  a f f e c t  t h e  ben thos  a s  a  whole in t h e  Pamlfco R f v e r ,  

However, t h e  c r e a z a m  of a deep ehanne i  I n  r h e  e s t u a r y  would i n c r e a s e  

the v o l ~ m e  of w a t e r  s u s c e p r ~ b l e  t o  deoxygenatson d u r i n g  t h e  p e r i o d s  of 

s t r a f ~ f i c a t r o n  of  he w a t e r  eoEmn and t h u s  m t e n s i f y  l3w d r s s o l v e d  

sxygen l e v e l s  i n  ehe  e s t u a r y  durnng t h e  p e r i o d  3f t u r n o v e r ,  Fur the rmore ,  

d redg ing  o p e r a t i o n s  would r e s u l t  i n  t h e  suspens ion  of sed5ment wf rh  

hxgh arnmnts of o r g a n i c  matee r  i n  t h e  wa te r  COIGKLH of the e s t u a r y .  

Frankenberg ( p e r s o n a l  ccmmunncation) h a s  shown t h a t  such  suspended 

sedimenrs  have a  hagh b l o i o g i c a l  oxygen demand \BOD) and t h i s  would 

r e s c l c  I n  f ~ r r h e r  l awer ing  of d i s s o l v e d  oxygen l e v e l s  i n  t h e  e s t u a r y *  

Anorher p ~ s a i b i e  e f f e c t  of a channe l  w ~ w l d  b e  changes i n  t h e  

s a l f n l t y  regnme 3f t h e  e s t u a r y ,  l e a d m g  t o  h i g h e r  s a l i n i t ~ e s  En t h e  

deeper  a r e a s  and f l u s c u a t s n g  s a l s n i t r e s  i n  t h e  s h a l l o w  r e g l o n s -  



7 3 

H a r g i s  (19661, i n  a  s t u d y  of p o s s i S l e  e f f e c t s  of such  a  channe l  i n  che 

James R i v e r ,  V i r g i n i a ,  s t a t e d  t h a t  a  p h y s i c a l  model of t h a t  e s t u a r i n e  

b a s i n  showed s a l i n i t i e s  i n c r e a s i n g  i n  t h e  deeper  l e v e l s  of t h e  channe l  

b u t  d e c r e a s i n g  i n  t h e  s h a l l o w e r  p a r t s  of t h e  w a t e r  column. However, 

d u r i n g  p e r i o d s  of low f l o w  i n  t h e  e s t u a r y ,  s a l i n i t y  i n c r e a s e d  i n  t h e  

s h a l l o w  w a t e r  over  t h e  s h o a l  a r e a .  The a p p l i c a t i o n  of t h f s  f n f o r m a t f o n  

r ~ e s  t o  t h e  Pamlico River  i s  d i f f i c u l t  due t o  t h e  extreme d i f f e r e z -  

between t h e  t i d a l ,  r e l a t i v e l y  narrow and deep James River  and t h e  

n o n - t i d a l ,  wide and s h a l l o w  Pamlico R i v e r .  It would b e  n e c e s s a r y  t o  

s i m u l a t e  t h e  Pamlico R i v e r  t o  de te rmine  t h e  e x a c t  changes  expec ted  i n  

t h e  s a l i n i t y  regime of s h e  e s t u a r y .  However, s e v e r a l  g e n e r a l i z a t i o n s  

can be  made abou t  p o s s i b l e  changes .  The p r e s e n t  s a l i n i t y  i n  most of 

t h e  Pamlico R i v e r  i s  q u i t e  low and i s  one of t h e  f a c t o r s  r e s p o n s i b l e  

f o r  t h e  low d i v e r s i t y  and d e n s i t y  o f  t h e  b e n t h i c  community. It i s  

p o s s f b l e  t h a t  any i n c r e a s e  i n  s a l i n i t y  i n  t h i s  e s t u a r y  would n o t  

a d v e r s e l y  a f f e c t  t h e  ben thos  o t h e r  t h a n  c a u s i n g  a  s h i f t  i n  some of t h e  

s p e c i e s  d i s t r i b u t i o n  r a n g e s  and could  r e s u l t  i n  b o t h  t h e  i n t r o d u c t i o n  

s f  o t h e r  e s t u a r i n e  fauna  and a n  i n c r e a s e  i n  t h e  d i v e r s i t y  and 

p r o d u c t i v i t y  of t h e  b e n t h o s .  However, any d e c r e a s e  i n  s a l i n i t y ,  

e s p e c i a l l y  i n  t h e  s h a l l o w  sandy a r e a s  of t h e  Pamlico River  where most 

of t h e  b f o P o g i c a l  p r o d u c t i v i t y  of t h e  community t a k e s  p l a c e ,  would 

a d v e r s e l y  a f f e c t  t h e  ben thos .  S i n c e  t h e  f l o w  i n  t h e  Pamlico R i v e r  i s  

t y p i c a l l y  Pow, t h e  lower ing  of s a l i n i t y  i n  t h e  s h a l l o w  a r e a s  mfght n o t  

t a k e  p l a c e .  

Perhaps  t h e  b i g g e s t  problem a s s o c i a t e d  w i t h  t h e  c r e a t i o n  of t h e  

channe l  would b e  t h e  e f f e c t  e f  d redg ing  and s p o i l  d e p o s i t i o n  b o t h  on 
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t h e  benehss  and t h e  e o n f i g u r a t f o n  of r h e  e s w a r y  b a s i n .  Heavy s i l t a t n o n  

due ts dredg ing  o p e r a t i o n s  cou ld  be d i s a s r r o u s  t o  b e n t h i c  organfsms by 

smother ing t h e  bottom s u r f a c e  wPth a  f i n e  p a r t i c l e  s i z e d  s u b s t r a t e  f o r  

whish t h e  f d t e r  f e e d i n g  ben thos  m t h e  sand sedfments  a r e  noc adap ted  

However, this e f f e c t  could  be  minimized by g u d ~ c x o u s  timang of d r e d g h g  

and c o n E a i m e n t  of d redg lng  a r e a s .  For i n s t a n c e ,  s f l t a t i o n  would more 

e a s i l y  a f f e c t  newly s e t  organisms,  and i s  would be wise  t o  a v o l d  

dredgnng o p e r a r i s n s  a f c e r  t h e  f a l l  and s p r i n g  spag , . ing  p e r i o d s  when 

t h e  newly s e z  ben thos  a r e  establishing themselves  on t h e  bot tom,  Yet 

r h e  placement of s p o b l s  i n  r h e  e s t t i a r y  could  be t h e  most fmpor tan t  

f a c t o r  in any e f f e c e  a l  t h e  proposed channe l  on t h e  b e n ~ h o s .  S p o i l  

banks dumped in "e s h a l l s w  sandy a r e a s  would dec imate  b o t h  t h e  

benchos and zhe weed beds  of t h i s  most p r o d ~ c t f v e  r e g i o n  of ehe  

e s t u a r y ,  Tn a d d i t i o n ,  xt i s  n e c e s s a r y  t o  c o n s i d e r  t h e  e f f e c t  t h a t  

c h m g e  i n  che c o n f l g u r a s f o n  of t h e  e s t u a r m e  b a s i n  wsuid have on t h e  

s t a b i l i t y  of r h e  sand sediments i n  t h e  s h a i l o w  a r e a s .  Should mass 

movement o r  s h i f t i n g  of sand from t h e  wide, g r a d u a l l y  s l o p i n g  a r e a s  

of t h e  e s t u a r y  o c c u r ,  t h i s  could  a l s o  a d v e r s e l y  a f f e e t  t h e  ben thos  

by c r e a t f n g  a  more u n s t a b l e  s h i f t i n g  sed iment ,  It  i s  s t r o n g l y  recom- 

mended t h a r  some means o f  s p o i l  d e p o s i t i o n ,  oeher  t h a n  s p o ~ l  banks 

i n  t h e  s h a l l o w  a r e a s  of t h e  e s t u a r y ,  be cons fdered ,  

The Bast  p o s s i b l e  s o u r c e  of change fs che c o n s t r u e t f o n  of a  dam 

a c r o s s  t h e  P m i i e o  River  e s t u a r y  f o r  hnghway and h u r r i c a n e  p r o s e c t f a n  

t h a t  would r e s u l t  i n  d e c r e a s e  of s a l i n i t y  f n  t h e  u p r i v e r  p o r c i o n  of 

t h e  e s t u a r y ,  One r e s u l t  of t h f s  dam would be  t h e  e r e a t f o n  of a f r e s h  

w a t e r  lake r e g i o n  above  he dam, This  d e c r e a s e  i n  s a l i n i t y  would have 
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disastrous effects on the benthic organisms inhabiting the large meso- 

haline zone of the estuary. In addition, the transportation of plank- 

tonic larvae and the migration of fish could be seriously hampered, 

For chese reasons, the construction of an earthen dam system is 

undesirable and it is suggested that an open causeway bridge 

construction should be used if this project is consfdered in the 

future. 

This present study of the macrobenthos of the PamEico River 

estuary indicates that future research can utilize the established 

transects, but should take into account the significant seasonal 

changes occurring in the benthos. The purpose behfnd the establish- 

ment of the transects in each of the community areas was to facilitate 

the sampling design for the seasonal study. Due to the immense slze 

of the estuary, a sampling design based upon stratification and random 

allocation of samples necessarily involves a large amount of samples to 

achieve reasonable precision and accuracy for statistical analysis. 

By establishing transects in the estuary, the number of samples can be 

reduced. Also, in a sampling area that has a gradient of environmental 

factors, such as an estuary, a systematic sampling desfgn such as 

transects affords a better opportunity to discern changes in different 

areas of the estuary (Cox, 1958) .  Any future work must also take Pnto 

account the seasonal changes in the range of distribution and density 

of the benthos. The basic division into three communities (transect 4, 

transects 2 and 3, and transect 4) found in the summer and fall is the 

most stabie division of the estuary, with changes in the wfnter and 

spring due to larval set. 
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Any future work regardtng the effects of pollution should cencer 

around the dominant organisms that are a constant component of the 

macrobenthos, For example, IS, euneata, - 79, baithfca, and - N. sucefnea are 

the dominanr organisms I n  the eszuary, Each comprises a significant 

percentage of che fauna rn different parcs sf ehe estuary and is, 

therefore, Important I n  terms of energy flow in the system. Due to 

this imporcancc, any effects of pollution on these specres would 

drastically alter not only the macrobenthos, but also other dependene 

organisms such as boetom feeding fish, 

It is also valuable to investigate indicator species, such as 

H. fillformis, found in the Parnlieo River estuary, that are typically - 

found In areas subjected r.o pollu~ton, The increase of thPs species 

has been shown in other studfes to be associated wi th  organic 

enrichmene of estuarine systems, and could, therefore, be a useful 

indicator of pollution in the Pamlico River estuary. In addition, 

this species is well distributed throughout most of the estuary, and, 

if seasonal changes are taken into account, a sampling plan could 

easily be desfgned to moniror changes fn the population levels of 

H, ffliformis oo ascertain pollution effects, - 
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Appendix Table 1 (continued) 

S t a t i o n s a  Date - 
1 2 3 4 5 6 7 8 9 10 1 1 12 

a S t a t i o n s  are those  f r o m  F igure  2(a) .  



Appendix Table 2 .  P a r t i c l e  s i z e  a n a l y s i s  and organic  ma t t e r  concen t r a t ions  of t h e  sediment samples 
from t h e  f a l l  sampling of t h e  Pamlico River  e s t u a r y  

% Sand Median 
Sor t ing  % Organic 

Samplea Coarse Medium Fine Very % S i l t  % Clay p a r t i c l e  c o e f f i c i e n t  ma t t e r  
f i n e  s i z e  (1-1) 



Appendix Table 2 (continued) 

% Sand Median Sor t ing  
% Organic 

samplea Coarse Medium Fine Very % S i l t  % Clay p a r t i c l e  c o e f f i c i e n t  ma t t e r  
f i n e  s i z e  (v)  



Appendfx Table 2 (continued) 

a  % Sand Median 
Sample Sor t ing  % Organic Coarse Medium Fine Very % S i l t  % Clay p a r t i c l e  

c o e f f i c i e n t  ma t t e r  
f i n e  s i z e  (1.1) 

- 
a 

S t a t i o n  code: number r ep re sen t s  t r a n s e c t s  from Figure  2 ( c ) ;  l e t t e r  r e p r e s e n t s  s t r a t a  (S shallow, 

M middle,  D deep) ;  second l e t t e r  r e p r e s e n t s  s i d e  of r i v e r  (N no r th ,  S  south)  and second number 

r e p r e s e n t s  r e p l i c a t e  number. 
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Appendix Table 4. Particle size analysis and organic matter concentrations sf the sediment samples 
from the spring sampling of the Pamlico River estuary 

- 
- % Sand Median 

a Sorting % Organic 
Sample Coarse Medium Fine Very % Silt % Clay par ticle coefficient matter 

fine size (p) --- 
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Appendix Table 5 (continued) 

- -- 
% Sand Median 

a So r t ing  % Organic 
Sample Coarse Medium Fine Very % S i l t  % Clay p a r t i c l e  c o e f f i c i e n t  ma t t e r  

- f  i n e  s i z e  (p) 

4 M -  S 1 ------------- lo.o----------- 23.0 67.0 1.6 -- 

a 
S t a t i o n  code: number r e p r e s e n t s  t r a n s e c t s  from Figure  2 ( c ) ;  l e t t e r  r e p r e s e n t s  s t r a t a  (S shallow, 

M middle,  D deep);  second l e t t e r  r e p r e s e n t s  s i d e  of r i v e r  (N n o r t h ,  S south)  and second number 

r e p r e s e n t s  r e p l i c a t e  number. 



Appendix Table 6.  The average numbers (#/rn) of t h e  s p e c i e s  found i n  t h e  fall sampling of Ehe 
Pamlfco River e s t u a r y  

----- --- -------- 
Transect 1 Transec t  2 Transect  3 Transec t  4 

Species  
--- --- Sa M D S M D  S M D  - S M D - -.....--- 
Pla thy le lmin thes  

Nemertinea 

s p e c i e s  a 

s p e c i e s  b 

Armelida 

Eteone a l b a  

Glycera d ib ranch ia t a  5 8 8  -- -- -- 

Haploscolop1os f r a g i l i s  -- -- -- 90 12 -- 

Heteromastus f i l i f o r m i s  7 12 -- 1 8  3 -- 

Loimia medusa 5 12 83 -- -- -- 

Nere is  succ inea  6 2 2 1 7  17 -- 

P e c t i n a r i a  g o u l d i i  2 15 23 -- -- -- 

Spiophanes bombyx -- -- -- -- -- -- 

s p e c i e s  e 7 22 20 -- 3 -- 



Appendix Table 6 (continued) 

--- 
Transect 1 Transect 2 Transect 3 Transect 4 

Specf es Sa M D S M D  S M D  S M D  

Epitonium rupicola 

Lyonsia hyalina 

Macoma balthica -- -- -- 20 22 -- 10 125 -- -- -- -- 

Macoma phenax 10 47 2 127 60 -- 12 28 -- 

Eulinia lateralis 35 50 10 13 10 -- 2 3 -- -- -- -- 

Rangfa cuneata -- -- -- 27 28 -- 140 50 -- 112 263 -- 

Retusa canalfculata 40 158 93 -- -- -- -- -- -- -- -- -- 



Appendix Table 6 (continued) 

.- - ------ 
Transect 1 Transect 2 Transect 3 - Transect 4 Species Sa M D S M D  S M D  S M D  

Arthropoda 

chironomid a -- -- -- -- -- -- 

Cyathura polita 5 -- -- 2 -- -- 

Lepidactylus dytiscus -- -- -- -- - 1 -- 

Parahaustoria longimerus-- -- -- -- -- -- 

Echinoderms ta 

Leptosynapta inhaerens 53 33 -- -- 2 -- 

Chordata 

Blanoglossus sp. -- 2 3 -- -- -- -- -- -- -- -- -- 

Species diversity (H') 2.12 1.93 1.83 1.80 2.08 0 1.39 1.67 0 1-29 0.74 0 

a Letters represent strata (S  shallow, M middle, D deep). 



Appendix Table 7. The average numbers (#/rn) of the species found in the winter sampling of the 
Pamlico River estuary 

Transec t 1 Transect 2 Transect 3 Transect 4 
Species --- 

Sa M D S M D  S M  D S M  D  --- 
Plathylelminthes 

Nemertinea 

species a 10 5 -- 12 20 -- 

Annelida 

Eteone alba - 
Glycera dibranchiata 2 8 5  -- 5 -- 

Haploscoloplos fragilis -- -- -- 467 8 -- 

Neteromastus filiformis 2 2 -- -- -- -- 

Loimf a medusa 

Nereis succinea 

Pectinaria gouldfi 

Spiophanes bom'byx -- -- -- -- -- -- 

species e 2 2 -- 3 13 -- 

I-' 
0 
In 



Appendfx Table 7 (continued) 

--- - 
Transect 1 Transect 2 Transect 3 Txansect 4 

Species P 

- Sa M D S M D  S M D  S M D  -------- - 

Brachiodontes recurvus 

Epitonium rupicola 

Gemma gemma -- 
Haminoea solitaria 

Lyonsia 

Macoma balthica 

Macoma phenax 

Mitrella lunata 

Mulinia lateralis 

& arenaria 

Nassarius vibex -- -- 

Petricola pholadiformis 2 

Rangia cuneata 

Retusa canaliculata 7 2 



Appendix Table 7 (contfnued) 

-- 
Transect 1 Transect 2 Transect 3 Transect 4 --- Species 
Sa M D S M D  S M D  S M D  -- 

Sayella chesapeakea -- 

snail a -- 

Arthropoda 

chironomid a -- 

Cyathura polita -- 

Lepidactylus dytiscus 6 

Parahaustoria longimerus -- 

Echinodermata 

Leptosynapta inhaerens 133 

Chordata 

Blanoglossus sp. 2 

Species diversity (H') 1. 85 

a 
Letters represent strata (S shallow, M middle, D deep). 



Appendix Table 8. The average numbers (#/m) of the s p e c i e s  found i n  t h e  sp r ing  sampling of t h e  
Pamlico River e s tua ry  

---.- 
Transect 1 Transect  2 - Transect  3 Transee t  4 

Species  ---- 
Sa M T) S M T) S M D S M D  

P la thy le lmin thes  

Leptoplana sp .  

Nemer t inea  

s p e c i e s  a 

s p e c i e s  b 

Annelida 

Diopatra  sp .  

Eteone a l b a  

Glycera d i b r a n c h i a t a  

Haploscoloplos f r a g i l i s  

Heteromastus f i l i f o r m i s  

Lofmia medusa -- 

Nere is  succ inea  ---- 

P e c t i n a r i a  g o u l d i i  

Spiophanes bombyx 

s p e c i e s  e 



Appendix Table 8 (continued) 

Transect 1 Transect 2 Transect 3 Transect 4 
Species ---- 

Sa M D S M D  S M D  S M D  --- 

Brachiodontes recurvus -- -- 7 -- -- -- 

Epitonium rupicola 

Haminoea solitaria -- 5 -- -- -- -- 

Lyonsia hyalina -- -- 2 -- -- -- 

Macoma balrhica 112 1465  47 1 7 5 3  2625 433  

Macoma phenax 6 3  47  -- 45 1 6 0  1 5  

Mulinia lateralis - 85 53 10 1 1 3  1 7 3  1 3 0  

Mya arenaria 2 1 0  -- 5 15 -- 

Petricola pholadiformis 2 -- -- -- -- -- 

Rangia cuneata -- -- -- 22 2 3  -- 

Retusa canaliculata 93 180 -- -- -- -- 



Appendix Table 8 (continued) 

Transect 1 Ttansec t  2 
Species  Transec t  3 - Transec t  4 

Sa M D S M D  S M D  S M D  

Arthropoda 

Cyathura p o l i t a  -- -- -- 2 -- -- 

Lepidac ty lus  d y t i s c u s  18 2 1 2 -- -- 

Parahaus to r i a  longimerus 2 1 -- -- -- -- 

Echinodermata 

Leptosynapta inhaerens  90 147 3 -- -- -- - 

Chordata 

Blanoglossus sp. -- -- 3 -- -- -- -- -- -- -- -- -- 

Species  d i v e r s i t y  (H') 2.02 1.18 1.81 0.91 0.80 0.70 1 .81  1.02 0.24 0.72 0.88 1.18 

a 
L e t t e r s  r ep re sen t  s t r a t a  (S shal low,  M middle,  D deep) .  



Appendix Table 9, The average numbers (#/m) of the species found in the summer samplfng of the 
Pamlico River estuary 

- 
Species 

Transect 1 - Transect 2 Transect 3 - ~ r a n e c t  4 
sa M D s M D S M D  S M D  -- 

Plathylelminthes 

Nemertinea 

species a 

species b 

Annelida 

Eteone alba 

Glycera dibranchiata 8 7 5  

Haplosco1oplos fragilis -- -- -- 

Heteromastus filiforrnis -- 7 7 

Loimia medusa 



Appendix Table 9 (continued) 

----m_lp---p- ------ ------ - -------- -.-- 
Species  Transect 1 Transect  2 Transec t  3 Transec t  4 

Sa M D 
--- 

S M D  S M D  S M D  

Brachiodontes recurvus - 
Epitonium r u p i c o l a  

Haminoea s o l i t a r i a  

Lyonsia h y a l i n a  

Macoma b a l t h i c a  

Macoma phenax 

M i t r e l l a  l u n a t a  

Mulinia l a t e r a l i s  

Mya a r e n a r i a  - 

Nassar ius  v ibex  -- 
P e t r i c o l a  pholadiformis  2 

Rangia cuneata  

Retusa c a n a l f e u l a t a  2 5 



Appendix Table 9 (continued) 

-- 
Transect 5. l__T_r7____________1_________T_r7____________1_________T_r7____________1_______-p-- Species Transect 3 Transect 4 sa ?I C - S M D  - S M D  S M D -- 

Arthropoda 

chironomid a -- -- -- 

Cyathura polita -- -- -- 

Lepidactylus dytiscus -- -- -- 

Parahaustoria longimerus 1 -- -- - 
Echinodermata 

Leptosynapta inhaerens 2 -- -- 

Chordata 

Blanoglossus sp. -- -- -- -- -- -- 

Species diversity (H') 1.65 1.79 1.42 1.85 1.55 0 

-- 
a 
Letters represent strata (S shallow, M middle, D deep). 


