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INTRODUCTION

North Carolina is endowed with an extensive network of coastal

wetlands. Within this network are located several large es tuaries which

may be among some of North Carolina's richest resources. The true value

of these estuarine systems, however, has not been fully appreciated and

often has been overlooked. Heretofore, most research concerning

estuaries as a whole has been conducted in response to public reaction

over construction and operation of big industry such as the Brunswick

Nuclear Power Plant on the Cape Fear River estuary and the Texas Gulf

phosphate mine on the Pamlico River es tuary.

The above scheme is not altogether satisfactory since encroach-

ments on other estuaries can be much more subtle, albeit potentially

disasterous to estuarine life. A seemingly ceaseless flood of people

and the exte mali ties related there to threatens to inundate coas tal

areas. Nutrients from farmland runoff, sewage effluent, and industry

may contribute to phytoplankton growth to bloom proportions during the

summer months, resulting in low oxygen conditions intolerable to many

organisms. Organic material entering the estuary from the pulp

indus try, seafood indus try, and cons true tion si. tes may cause reduced

conditions during the times of low river flow prevalent in summer

months. Dredge and f ill operations des troy "edges" thus removing

valuable spawning areas and destroying marsh plants responsible for the

input of detritus into the estuarine ecosystem. Any of these perturba-

tions may initiate complex sinergis tie changes within the estuary. In

each case the effect of one, or even a few, could be too small to

detect but the aggregate ef feet could be damaging to the system.



Consequently, estuarine research is vitally needed to inject

basic data into the decision~king process. Overt decisions, or

conversely, the lack thereof, wi.ll dictate the future state of our

estuarfne systems. If our natural resources are not to be managa ed b

default, a value judgment must be made concerning the relative worth of

estuaries and other' coastal areas to all North Carolinians.

Development and indus tralization have yet to make any major

changes fn the Albemarle Sound and Neuse R.ver estuaries. Ironically,

it is precisely this relatively pristine condition which makes these two

bodies of water and adjacent shoreline attractive to development. In

addf tfon, low wages and few taxes make these areas attractive to

industry, which is actively being sought by local leaders, ostensibly
to stimulate the depressed economy of the region. The potential for a
serious confrontation is evident here. Are the established local

industries, prfncipally commercial fishing, sport fishing, and farming,
compatible with extensive development and industrialization in the

region involved? If not, can the two be reconciled?

A significant part of the economy of the surrounding areas is
df rectly or indirectly tied to these two estuaries. Commercial fisher-
men depend on the estuarine life for their livelihood and, in turn,
support the seafood industry, boat construction industry, etc. Sport
ffsheramn and recreational boaters contribute to the success of Local
smrchants which cater to their interests. Tourists, many of whom come
to enjoy the pastoral panorama of the area, also provide input into
t: he economy.

Even so, relatively little information is available on each
estuary whfch can be utilized to evaluate the importance of the



es tuarine ecosys tern to Nor th Carolinians as a natural resource. This

combination of circums tances provides a unique oppor tunity to s tudy an

o1 igohaline  Albemar le S ound! and mes ohal inc  Neus e River! es tuary in a

relatively natural state in order to supply baseline data prior to major

ch an ges ~

One can effectively evaluate an es tuari.ne sys tem with respect to

the value of i ts productivity in terms o f the population dynamics of the

nekton present ~ Nekton represent the hi ghes t trophic level wi thin the

es tuary and the f inal inte grater of available energy plus any s tresses

which may be involved. Nekton, then, may be considered the ne t

productivi ty for the sys tem. I t is also the point in the energy cycle

at which man chooses to intervene and harves t the energy for his benefit.

To correctly measure the value of the es tuary to man requires more data

than merely the total commercial and sport fishing catch, the economic

benefits resulting therefrom, and speculation. Data are also needed to

identi fy the species which utilize the es tuary and to answer questions

concerning thei r li f e cycle wi thin the es tuary, their seas onal pa t te rns,

their spatial dis tribution, and their energy assimilation or growth.

In short, an unders tanding of the nekton population dynamics is needed

to evaluate the es tuarine sys tem.

Avai lab le da t a abou t the nek ton o f the Al b emar le Sound and Neus e

River es tuaries have been compiled on a re latively few commercial

species, primarily Norone saxatilis, Alsoa aestivalis, Alosa

All of these species areAlps a medi pcris, and Alos a

anadromous, emigra ti n g through the es tuary to f reshwater tribu taries in

spring Spawning occurs in these tributaries and lar'vae and newly

trans f ormed j uveni les move downs tream to the es tuary. Apparen tly these

young-o f-the-year fish uti lize the energy available due to the spring



pulse in primary productivity observed in temperate es tuaries  Copeland,

1966; Hoese and Jones, 1963!. The young remain in the estuary until

fall when they emigrate into the ocean.

Of the above species, M. saxatilis, the striped bass, has received

the most comprehensive study. Dr. William W. Hassler of North Carolina

State University, his students, and others have compiled a wealth of

information on various aspects of growth and reproduction of M.

saxatilie in the Roanoke River and Albemarle Sound  Hassler, 1958;

Trent, 1962; Cheek, 1961; Monooch, 1972; Trent and Hassler, 1966;

Davies, 1970!. Tag studies have also been done to determine population

size and migration  Chapoton and Sykes, 1961; Nichols, 1964a,b, 1965,

I966!. In addition, Ictalurus Runctatus was studied in its Chowan

River habitat  Mauney, 1969! and Conover �958! examined Morone americana

in the Roanoke River and Albemarle Sound.

Investigations of Alosa spa 9 the shads, have been concentrated

in the Reuse River with emphasis on Aloes s~a idissima  Lapotnte, 1958;

Davis, 1957; Walburg, 1957; Baker, 1968! . The hickory shad in the

Neuse River has received extensive study by Pate �972!.

Very little information is available regarding the other speci.es

indigenous to these two estuaties. Only a single study dealing with

the occurrence of fresh water and marine fish at various salinities

within the Neuse River has been published  Keup and Bayless, 1964! .

More generalized studies have been completed elsewhere on the

east and gulf coasts by utilizing a trawl sampling method  June and

Reintjes, 1957; Jerome et al., 1965; Gunter, 1938; Arnold et al., 1960;
Raid, 1954; Kilby, 1955; Springer and Woodburn, 1960!. Although biased
toward slow moving, demersal species and juveniles, nonetheless, trawl
studies provide information on most estuarine species and provide data



of relative abundance, seasonal patterns, spawning, growth, and spatial

dis tribution.

Trawl studies conducted in nearby estuaries in Virginia, Georgia,

and North Carolina  NcErlean et al., 1973; Dahlberg and Odum, 1970;

Turner and Johnson, 1973! indicate season.al fluctuations within the

~~tuary- A spring influx of migratory and anadromous species was noted

in all three systems increasing catch values. Pall and winter popula-

tion values were relatively low, reflecting nekton emigration.

"Species richness" was shown to coincide with the population peaks in

the patuxent River estuary  NcErlean et al., 1973! . Replacement by

resident species in the Georgia estuary, however, masked the "species

richness" ef feet  Dahlberg and Odum, 1970! . Other diversity indices

calculated for the Virginia and Georgia studies fluctuated with season

in response to nekton migrations into and out of the estuary.



MATERIALS AND METHODS

Nekto~ samples were collected monthly over a 13-month period in

each estuary  June 1972 through June 1973 in the Albemarle Sound and

August l972 through August 1973 in the Neuse River estuary! . Thirteen

stations were sampled in the latter; 15 were sampled in the former

 Figure 1!.

Albemarle sampling was accomplished using a modified cob trawl

which fished an area 10 ft wide by approximately 6 ft deep. Mesh size

of the net measured 5/8 inch bar except in the cod end which was l/4

inch bar. A conventional otter trawl was utilized in the Neuse River.

It too fished approximately a 10-ft wide area of the bottom, but was

only 1.5 ft deep. Mesh size measured 3/4 inch bar with 1/4 inch tail

bag. Tn each case the trawls were tawed for 5 minutes at two knots

covering approximately 10,126 .8 square feet  Figure 2! .

Nekton were preserved in 10 percent formalin and returned to the

laboratory for analysis. Samples containing a single species with

greater than 50 individuals were subsampled. Fifty indivi.duals or 10

percent of the species total, whichever was greater, were randomly

selected for analysis. Collections were washed in fresh water, dried

on a paper towel, and processed. Samples were sorted, identified to

species, counted, weighed to the nearest tenth of a gram, and length

taken to the nearest millimeter. Fork length was measured for those

fish with forked caudal fins; total length was aeasured for those

without. Total length of shrimp was measured from the tip of the

rostrum to the end of the telson, and crabs were measured across the

width of the carapace.
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Figure l. Albemarle Sound and Neuse River estuaries
with station locations.



Ill

Cj

0

3
�
LJ

4
0

Cl

0
K



A concomitant series of hydrographic measurements were taken

i~eluding surface and bottom temperatures and salinities, chlorophyll a,

nitrogen, phosphorus, and dissolved oxygen. Bottom temperature and

salinity tables can be found in Appendix A.

Length-weight regressions were calculated for most of the dominant

species and are shown in Appendix B.

The orig inal da ta are shown in Append ix C.

S ecies Diversit Indices

Four species diversity indices were calculated to help analyze the

data.

1. Shannon-Weaver �963! Index

H' = -'p. log p.
i e i

where p. = the proportion of the number of individuals in the i-th
1

speci.es to the total number of i,ndividuals.

H' can only be used when the entire population is known, therefore,

H' ' is used as the "maximum likelihood estimator of the unknown popula-

tion diversity H' "  Pielou, 1966a!.

O' ' = -Fn,/nlog n,/n
1 e i

where n = the number of ind.ividuals in the i-th species and n = the
i

total number of individuals in the sample.

Biomass units were also used with the above index by substituting

biomass units for numbers  Wilhm, 1968!.

Maximum values are calculated when distribution among several species

is even, Few species with a very skewed distribution produce minimum

values.

2. Pielou �966b! Index of "evenness"

3 = H' '/log S
e



where H' ' is the Shannon-Weaver Index cited above using numbers of
individuals. S = the number of species or maximum value of H' '.

J relates the observed diversity with its potential maximum. A

value of one is equal to the most even population and a value of zero is
equal to the most skewed distribution .

3. "Species richness" Index used by Margalef �969!

D  S-1!/log N

where S the number of species and N the number of individuals.

This index weights species number more than total abundance  N!
and does not consider the distribution of numbers among species.

Descri tions of the Stud Areas

The Albemarle Sound Is an oligohaline estuary located in the north-

east section of North Carolina. It Is 55 miles long by eight miles wide

and covers an area of 278,850 acres  FIsh, 1968!. Eight maj or rivers-
the Roanoke, Chowan, Perquimans, Pasquotank, Little, North, Alligator,
and Scupernon~mpty into the Albemarle. It also joins the Roanoke and
Croatan Sounds which flow into the Atlantic via Oregon Inlet. Although
not measured to date, the flushing time is considerable. Tidal amplitude
is all but negligible in the western part and greatest in the east
closest to the ocean. Winds, however, are the dominant tide-producing
factor.

The Neuse River estuary is located in the east-central Coastal Plain
of the state in the counties of Craven, Pamlico, and Carteret. The
major freshwater source is the Neuse River which drains a watershed of

6,192 square miles' the headwaters of which reach into the Piedmont
 Bayless and Smith, 1962!. The river estuary of ficially ends where the
gay River intersects it from the northwest and both flow into the Pamlico
Sound.

10



gater movement into the pamlico Sound is very sluggish, even

imperceptible. The flushing ti~ during tha summer months for the 59

kilometers from New Bern to the sound is 26 to 27 days. Being

relatively shallow, having a 3-m average near New Bern increasing to a

6-m average at the mouth, the estuary is largely dependent on the winds

for its circulation patterns  goods, 1969! .

11



RESULTS AND DISCUSSION

Albemarle Sound

Twenty-nine species were collected during 13 months in the

estuary  Table 1!. Of these three were considered abundant  >1000

individuals collected!, five were considered common  >400!, two were

considered occasional  >100!, and 19 were considered rare  <100! . The

former eight species were classified as dominant within the sound in

terms of their contribution to total numbers and/or total biomass.

Anchoa mitchilli, the bay anchovy represented the most numerous

species collected in the Albemarle Sound. It is a small fish,

rarely more than 100 mm in length, which feeds primarily by straining

the water with its numerous, long gill rakers to capture plankters.

Anchovies, in turn, provide energy to higher trophic levels via con-

sumption by predatory fish.

Bimodal peaks of abundance are associated with this species

 Figure 3!. The first occurs in August-September and the second in

April-May. Low numbers occur during the late fall and winter months

with a trough also occurring through the early summer. Since

anchovies are, in fact, planktivores, one would expect their total

abundance to closely follow the primary productivity peaks within the

estuary. A plot of chlorophyll a and anchovy abundance over time does

indeed show this to be the case  Figure 3!.

Larval and youngmf-the-year fish entered the collections in

July. peak guveni le abundance was not reached until Sep tember, however,

indicative of spawning acti.vity beginning in late May and June and

12



Table 1. Species collected within the Albemarle Sound.

X of X ofNumber 1 Biomass
total totalSpecies

1014.4
6821. 1

54134.0
248.6

10565.7
26191.1

20008.3
3456.4
7135.7

278.6

Anckoa mitchilli
M~icro o on undulatus

0.7
4.7

37.2
0.2
7.3

18.7
13.8

2.4
4.9
0.2

2094 23. 7
1890 21, 4
1320 14.9

726 8.2
610 7.0
612 6.9
610 6.9
419 4.7
156 1.8
142 1.6

57
49
21
16
16
13
13

8
3
4

Horone americana
Alosa aestivalis
Trinectes maculatus

Ictalurus catus
Callinectes ~sa idus
hei s o tomus xan thur us
~An uilla rostrate
Srevoortia ~trannus

Dorosonm ~ce edianum
lctalurus punctatus
Etheos toma olhms teadi

3863. 5 2. 7

1552.3Ictaturus nebulosus
Pe rc a f 1 a ye see ns
~Le amis gibbosus
0 i. th e ~olinum
Penaeus aztecus
Rithro ano eus harrissi 4 2 2 1 1 1 1 1 1C~oscion ~re elis
Palaemone tea ~uio
Sairdella chrhsura
Amia calva

Syyh rus ~la iusa
N~otro is sp.
P li hth den tatus

osseus

13
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extending through August with a midsummer maximum intensity. This

cycle i.s quite similar to the one found in the Newport River, North

Carolina, by Turner and Johnson �973! .

Average length and average wei.ght were lowest in July due to the

increased catch of young-of-the-year fish  Figure 3! . Both parameters

increase from the low point in July through the following June. This

trend is di.rectly attributable to the growth of the 1972 year class

over time. It is also indicative of the utilization of, and dependence

upon, the estuary as a food source by this species.

Although absent from collections in June 1972, A. mitchilli is

considered a year-round resident of the estuary since it was collected

in June of the following year. At some point in time anchovi.es were

taken at every sampling station. From December through Harch, however,

anchovies entered into only the east sound collections in low numbers.

This seasonal pattern is characteristi.c of a winter migration into

more saline waters, probably into the Roanoke and Croatan Sounds.

Emigration also coincides with decreased primary productivity in the

sound.

A distinct seasonal pattern is also clearly illustrated by the

catch of M~icro o on undulatus, the Atlantic croaker  Fig re u4!, This

species exhibited peak populations in August and again in May-June. The

June 1973 peak is considered to be more illustrative than the previous

June's collection since data for the months prior to June 1973 are

available. Peak abundance in 1972 may have occurred in Nay and,

therefore, would not have been recorded. Although croakers were taken

during all ~onths of the year, very lov numbers vere recorded from

September through April.

15
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length and weight of juvenile>  <126 mm!.

16



J uveni les  <126 mm, length chosen by the author f rom f ield

observations! were present in collections every month but March,

corroborative of an extended spawning season as recognized in the

literature  Welsh and Breder, 1923; Massmann and Pacheco, 1960! . The

extended spawning season for this species is also reflected in Figure

4, which depicts juvenile growth. Considerable fluctuation in average

length and average weight was noted, probably a response of juvenile

influx throughout the year. The very low averages recorded in April,

May, and June are, nevertheless, predictive of a peak spawning season

during February and March. Evidence suggests croakers spawn as late as

January off the South Carolina coast  Bearden, 1964! lending credence

to these estimates. Further examination of these data reveal an

increasing growth trend from April through January which translates

into an. energy transfer to the juvenile fish from the estuary and also

points to the dependence of the former on the latter.

Croakers were collected at every station. Over the winter months,

however, they were predominantly east sound organisms reflecting emigra-

tion out of the sound into the more saline waters farther east.

Morone americana, the white perch, may be considered the dominant

nekton species sampled in the western part, if not the entire Albemarle

Sound, in terms of both numbers and biomass. It is a serranid of

moderate size reaching a length of 200 mm in some samples.

White perch population fluctuations produce bimodal peaks of both

numbers and biomass which occur in August and January-February  Figure

5! ~ These peaks do not represent an influx of young-of-the-year fish

but seem to reflect a migratory pattern. If one omits September, a

trend of increasing numbers and biomass is evident, beginning in August

17
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and extending through February. Young-of-the-year fish enter into the

collections in June, July, and August with a June peak. It seems

reasonable, therefore, to hypothesize that white perch migrate into the

rivers to spawn during spring and summer. According to water tempera-

tures at time of spawning  Conover, 1958!, spawning probably began in

March and extended into May 1973. Eggs were collected by Street and

Pate �974! from 10 April through 7 May. Post-spawning migration down

the rivers and into the sound accounts for the increasing trend through

the winter.

Although a year-round resident of the Albemarle Sound and found

throughout the estuary during population peaks, the whi.te perch in-

habits predominantly the western sound, particularly the northwest.

From December through April, white perch were taken throughout the

sound, while over the remainder of the year only rarely were fish taken

in the east.

Growth data indicate that the estuary provides nursery grounds

for juveniles I'<101 mm, length chosen to conservatively include the

first-year class according to Conover �958! ]. Average weight and

average length increase over time beginning in June as energy is

assimilated by the young fish  Figure 5! . Low temperatures may cause

the slower growth observed over winter.

Only juveniles of the hlueback herring, Alosa aesti»alia, were

collected during the study. These young planktivores and favorite prey

of the striped bass  Manooch, 1972! migrate from the freshwater

spawning streams and enter the Albemarle Sound estuary in June  Figure
6! . Marked seasonality is apparent in the catch data reflecting the
anadromous behavior of the species. peak abundance seems to have

occurred in June of 1972 and 1973 pointing to a May or earlier spawning

19
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peak ~ Blueback spawning began the week of March 11-17 and con ti.nued

through May 19 with an April peak  Street and Pate, 1974!. By October

most bluebacks have migrated out of the sound, a.lthough very low

numbers were collected through February indicating that some part of

the population over-winters in the es tuary, emi.grating the f ollowing

spring.

The average length and average weight data substantiate growth

occurring throughout this early period of li fe spent within the

estuary and once more point out the vital nursery function of the

AlbemarLe Soun.d  Figure 6! .

Alosa aestivalis were collected throughout the sound as a result

of juvenile migration down the rivers, through the estuary, and finally

into the ocean..

The hogchoker, Trinectes maculatus, a small flatfish, is indigenous

to the Albemarle Sound. It was collected during all months of the year

and was taken at each sampling station. RelativeLy high numbers

occurred throughout the year except during the late fall and winter

months  Figure 7! .

Growth data are inconclusive although an increase in average length

from September through February may be due to the growth of juveniles or

possibly to the migration of juveniles up the various rivers to fresher

waters  Figure 7!.

The spatial distribution pattern shows no particular movement within

the sound itself. This is not inconsistent with the above hypothesis

since major rivers empty in.to the Albemarle in all parts of the sound.

Ictalurus catus, the white catfish, was collected during all months

sampled. Although caught throughout The estuary, its spatial distribu-

tion pattern shows it to be primarily a western sound species.

21
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A trend of increasing numbers and biomass was observed from August

through December, then decreasing to June  Figure 8! . Juvenile  <151

mm, length chosen by author! fish are found in the sound during

seasons. Average length and average weight data for juveniles  Fi.gure

8! show no apparen.t tre~ds.

The above data concerning juvenile fish may indicate either an

extended spawning season or a prolonged growth period spent in the

rivers prior to moving into the sound. Since larger fish apparently

leave the estuary in early spring and do not return until August,

migration to spawn seems to be the logical explanation. A related

species, Ictalurus punctatus, has been shown to migrate from the Chowan

River into the Albemarle Sound  Mauney, 1969! . if one considers that

late juve~iles  spawned in late July or August! would have only a few

months of rapid growth prior to cold temperatures, and that juveniles

remain for a period of time in the rivers, a logical sequence may be

deduced. Adults migrate up river in late winter and early spring to

spawn. Spawning activity continues through the summer. Juveniles

remain in the rivers for a time and then move into the sound proper.

The year-round presence of juveniles is due to late hatchers over�

wintering in the rivers and entering the estuaries the following spring.

Abundance data show Callinectes ~sa idus, the blue crab, exhibits

distinct seasonal fluctuations  Figure 9! . A winter minimum recorded

in January is followed by increasing numbers peaking in late summer

and early fall. Winter minimums correspond with migration toward more

saline waters, particularly inlets, to spawn in the early spring

 Turner and Johnson, 1973! . Following the spawning run, the adults

and juveniles immigrate into the Albemarle Sound causing the population

increase evident through October.

23
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Spatial distribution also tends to corroborate the above migratory

pattern. During the winter and early spring months, blue crabs are

generally found in the eastern sound, rarely beyond Station 10,

coincidental with eastward emigration. In late spring, summer, and

fall, crabs move throughout the entire sound, even to Stations 14 and

15 in July, as the westward immigration is in progress.

The seasonal pattern of Leiostomus xanthurus, the spot, is equally

as evident. Present only during spring and summer, spots enter the

estuary in May and remain in collections through October. Abundance

peaks  Figure 10! occur in August and again in May-June.

The vast majority of these fish are juveniles  <126 mm, length

chosen by author! which utilize available energy within the sound to

grow. Examination of the average length and average weight data over

time is illustrative of a clear increase in both while the species is

present in the Albemarle Sound  Figure 10!. These data also point to a

spawning peak occurring in April or earlier. After October, spots

apparently emigrate of fshore to spawn  Turner and Johnson, 1973! .

Numbers and Biomass

Seasonal fluctuations of both numbers and biomass are qui.te

evident  Figure ll! . These f luc tuations are more easily visualized

when one recognizes that three nekton populations within two locations

exist in the Albemarle Sound. The estuary can be conveniently divided

into east and west locations in terms of salinity. West of the

Eighway 37 bridge salinity is 0.0 ppt. Only once was anything other

than freshwater recorded. East of the bridge salinities ranged from

0.0 ppt to Z.9 ppt. Qualitative data show that the fish populations
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which inhabit each location are distinguishable. Only one quantitative
measurement  biomass!, however, was significant between locations.

The three nekton populations must first be characterized to under-

stand the qualitative differences involved. The first one is the
indigenous population. It is located primarily in the western sound
and rivers; is found throughout the year; and moves between the sound
and river to reproduce. This population. is composed of relatively large
fish which are identified as freshwater or oligohaline species including
M. americana, I. cetus, I. nebulosus, I. punctatus, and Dorosoma

~ce edianum. Population peaks are reached during the winter months and
it is only during this time that a few individuals are collected in
the east. These eastern sound collections are due to the random
movement of individuals into the more saline waters of the east as a
result of the high numbers in the west or possibly due to movement our
of the freshwater tributaries which empty into the eastern Albemarle.
Generally, these species prefer f reshwater  Figure 12! .

Second, the migratory population inhabits the eastern sound on a
seasonal basis. In general, juveniles immigrate into the estuary in
spring and early summer, remain through the summer months, and exit in
the fall. Juveniles are found within the estuary when primary

productivity is highest and exit during poorer times, leading one to
conclude that the migratory population utilizes the sound primarily
as a nursery area. Members of this population are more often associated
with salt water than with an. oli.gohaline system. The major migratory

species include L. xanthurus, H. undulatus, A. mitchi lli, T. maculatus,
C. ~sa id s, and B. ~trannus.

The third recognizable population is, of course, the anadromous
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saxarilis. This population can be identified in that it migrates
Ithrough the estuary into freshwater streams to spawn. Juveniles

move down the rivers and into the estuary in June, remain through
summer, and emigrate in the fall, once again pointing to the nursery
role of the sound. Because of their anadromous nature, they are
associated nei,ther with the eastern nor western part of the sound and
are collected throughout.Biomass peaks were recorded in August and January � February while
numbers peak in August and March-April~y . The coincidental August
maxima, resuj ted from simultaneous processes occurring in two locations
within. the Albemarle Sound. The western part, Stations 12-15, was
primarily responsible for the increase in biomass and numbers of the
sound as a whole as a direct result of August peaks of H. americana and
I. cetus. These two fish dominated the indigenous population. Con-
comitantly, increases in several migratory species also took place in
the east including i. mitchilli, N. undulatus, l. xanthurus, T.
maculatus. Thi.s casters population increase, however, accounted for a
relatively small percentage of the total.

The winter biomass maximum was tied directly to the reproductive
and migratory behavior of the western sound dominants, N. americana
and I. catus. Population peaks of both occurred during winter mon.ths
just prior to moving up the rivers to spawn. Being relatively large
species, a biomass peak was reached without a parallel peak in numbers
This phenomena was also a result of the emigration of most anadromous
and migratory fish during late fall, decreasing total numbers through
out the sound. The size differences inherent in the three population
discussed also accounts for the significant difference in biomass
between the two locations mentioned previously  Figure 13!.
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The large population i,ncreases noted in April, Nay, and June are

immediately preceded by primary productivity increases in Narch,
April, and May indicative of migratory and reproductive patterns which
are keyed to the primary productivity pulse in the estuary  Figure Ll!.
The population increase actually began in the eastern sound in
Fehruary as Juveniles of the migratory species C. ~sa idus, B. ~transom,
M. undulatus, and L. xan.thurus, along with some adults, entered the
estuary from the east. By ApriL-May, large numbers of migratory

organisms had entered the eastern sound. Coincidentally in June,
juveniles of A. mitchilli entered the eastern sound catch while

entered into the catch, primarily in the western sound.

The numbers maximum, then, was mostly the result of juvenile fish

entering the estuary in spring and early summer in association with a
primary productivity peak. Juveniles accounted for little biomass
and, therefore, biomass remained low during this period. While fluctua-
tions within the eastern sound were due primarily to anadromous and

migratory species whose reproductive cycle seems keyed to the spring
and late summer energy peaks within the sound, the pattern in the

western sound was due primarily to indigenous species and was tied to

the reproductive cycle. Adults of these local species, however, were

unable to move eastward out of the estuary into more saline water

during periods of low productivity. Movement, therefore, had to take

place between river and sound. Migration into the rivers to spawn

during the spring and summer has its adaptive advantages. Salinity

within the river remains constant and is not subject to the fluctua-

tion which can occur within the sound. Eggs and juveniles, then, are

able to begin life in a relatively constant environment without having
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to overcome salinity stress. Also, by hatching in the rivers and

spending at least the first few days there, juveniles do not have to

compete with the other sound organisms during the first critical period

of life. The late fall, winter population increases noted within the

sound may be due to migration from the rivers to a relatively more

productive Albemarle Sound.

The discussi.on above has demonstrated the existence of three

populations interacting within one body of water. Upon further

analysis it seems clear that the life cycles of the populations in

terms of their reproductive and migratory patterns are coordinated so

as to maximize habitat exploitation. Spawning occurs in different

areas at different times. Some species may spawn in the river

tributaries, others in adjacent mesohaline estuaries, others at the

mouths of inlets, and still others at sea. Nevertheless, subsequent

migrations introduce the various populations inro the Albemarle Sound

 Figure 3.4!. Juveniles of the migratory population enter collections

in early spring from more saline waters. Anadromous species enter the

sound in June from the freshwater tributaries. As these two popula-

tions emigrate during the fall, the indigenous population begins its

immigration peaking over winter.

A closer examination of the eastern and western parts of the sound

helps to further explain this phenomena. The hydrographic features

which characterize the Albemarle Sound make it unique among estuaries.

The combined freshwater input of eight major river systems together

with only limited access to the sea via an inlet through barrier

islands produce an extensive oligohaline estuary whose flushing time is

considerable. productivity is high as a result of the "nutrient t«p
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Figure 14. Diagrams showing seasonal movement of three popula-
tions within the Albemarle Sound.
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created. Importantly, salinity fluctuations are considerably dampened

because of the limited oceanic interchange, maintaining the salinity

regime in a relatively constant state not found in other estuaries.

Therefore, the indigenous population, which otherwise would be unable

to utilize the estuary because of violent salinity fluctuations, has

been able to successfully exploit the western Albemarle Sound. The

eastern sound retains the typical oligohaline features. The effect

is two systems within one body of water.

A further breakdown of numbers and biomass into eastern and western

collections demonstrates the division more clearly  Figures 15 and l6!

 extremely low values indistinguishable from zero were considered to

be zero to improve clarity!. A single population dominates each region

with very little contribution by other populations with the exception

of June in both years when the anadromous population entered into the

collections.

Biomass follows a like pattern with the exception of January,

February, and March in the eastern Albemarle when the larger size of

the indigenous population overshadows the otherwise dominant migratory

population during a period when it is represented by only a few young-

of-the-year fish, The anadromous population is hardly detectable in

terms of its bi.omass.

These biomass data represent the change in the three populations

per trawl haul over time. As such they are the best estimate of

productivity I am able to show. However, productivi.ty estimates are

extremely hazardous given the limitations involved: Trawl bias toward

small, demersal, slow moving nekton; inherent heterogeneity in nekton

populations over an area; only the open water habitat was sampled;

habitat variation throughout the sound; and the relatively small number
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S ecies Diversit Indices

Whereas seasonal fluctuation is characteristic of the Albemarle

Sound, only one diversity index appears to reflect this phenomena
 Table 2!. However, examination of each index reveals complex inter-
actions which occur simultaneously and account for these results.

Table 2. Analysis of variance of effects of location, month,
and season on seven parameters calculated from data
collected in the Albemarle Sound.

F values
Parameters Seas onMonthLocation

5. 31185** 5. 98962+*0.01276Numbers

Biomass

Number of species

H'' numbers

H'' biomass

3.03798*19.06452*+ 1.49519

2.86978+* 2.88525*0.20499

1. 392601.421860.65482

0.21668

0.09694

2.82931*+ 5. 46573++

0. 61200

0.81054

1.14400

0.30278 0.92756

*Significant 95X level; **significant 99X level,

The Shannon-Weaver Index, "H ''", was calculated to examine the

relative abundance among species  H'' numbers! and the relative distri-

bution of biomass among species  H'' biomass!. No seasonal fluctuation

in "H'' numbers" is evident within the Albemarle  Figure 17!. Although

nekton populations certainly change, the coincidental immigration and
emigration of species merely shifts the relative distribution among

38

of sites sampled given the size of the estuary. Productivity estimates
calculated from these data might best be thought of as a relative index

to the total productivity of the sysCem.



various species. Western sound species, eastern sound species, and

anadromous species, in turn, dominate the nekton during dif ferent

seasons of the year. When one group of species moves out of the

estuary, they are replaced by others maintaining a relatively constant

"K' ' numbers" value.

The actual values of "8'' numbers" are quite low reflecting a

skewed distribution where a few species contribute most of the numbers

in response to the stresses characteristic of the estuarine environment.

Rapid fluctuations of temperature, salinity, dissolved oxygen, available

food, and turbidity limit the species of nekton able to use the estuary.

Since few species are able to tolerate the entire gambit of seasonal

changes, seasonal immigration during periods of more favorable condi-

tions are evident.

The relati.ve distribution of biomass among species  H'' biomass!

fluctuates with season. Low values are recorded in fall and winter in

response to the immigration of the relatively larger western sound

species. Most of the biomass is contributed by only two species,

M. americana and I. catus, and diversity values are very low. Emigra-

tion of these species by spring coupled with the immigration of eastern

sound and anadromous species in spring and summer provides for a more

equitable biomass distribution and higher diversity values  Figure 17!.

No trend i.s discernible using the relative species abundance or

"evenness" index, uJu. While species certainly move in and out of

the estuary, it was not detectable with this index due to a readjust-

ment by other species. Therefore, the distribution over species

remained unchanged.

Further evidence suggesting replacement of species is provided by

the "species richness" index, "D". "D" relates the total number of
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species to the total catch and weighs each species equally. This index

did not produce any recognizable seasonal trend either. Since seasonal

activity is known to occur within the Albemarle Sound, this result

clearly shows species replacement taking place. Various species utilize

the estuary during different seasons depending on each species' niche

adaptation. Consistent with this analysis, the average number of

species over three seasons remained approximately the same  Fi.gure 18!.

Only the sumaer months showed a higher number of species, but this was

coupled with very hi.gh numbers maintaining a constant "D" value.

Species replacement and the response of the nekton community to

the changing conditions within the Albemarle Sound produce a "stable"

population as reflected by the diversity indices calculated, This

"stable" population, however, is a function of dynamic processes

occurring throughout the estuary over time involving numerous species.

Therefore, populations remain high throughout the year and energy

utilization is optimized,

Neuse River Estuar

Dominan t S e c ies

Thirty-three species were collected in the Neuse River estuary,

Of these, three species were considered abundant, none were considered

common, one species was considered occasional, and the remainder were

considered rare  Table 3!. The three most numerous species were

classified as dominants in terms of numbers. The single occasional

species was also considered dominan t . While cer tai 1e certa n y not numerous,

its contribution to total biomass necessitated its inclusion

Populations of L. xanthurus, the spot, within the Neuse River
exhibit a marked seasonality  Figure 19! Onl i y in spring and early
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Neuse River estuary.

NumberSpecies

41. 6

19. 0
37. 1

35. 4
3.521.1

25.22.2
1.5

Palaemonetes ~u ~io
Penaeus duorarum
Trinectes maculatus 1.2

1.0

1.4

aS~huron ~la iusa
~La odon rhomboides
~Pe rilus

50.2

392.8Bairdalla chrhsurs

~Sgnathus f us cus
~Sciaeno s ocellata 110m 9

chuss

96.3

Morone americana
~La omLs Blbbosus
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Table 3. Species collected within the

M~icro o on undulatus
Leisotomus xanthurus
Anchoa mitchilli
Callinectes ~sa idun
Panaeus aztecus

~Coscion ~re alia
Brevoortia ~trances

Panaeus setiferus

M~uil ~ce balue
Callinectes similis

~dn uilla rostrate
Palaemonetes ~vul aria

Pomatomas saltatrix
Eucinostomus ~az enteus

~Ur h i ~re ius
Monocanthus ~his idus

4128

3938

2349
249

74

74
72

45

44
44

18

18
138 6 6 5 4 4 4 4 3
2 2 2 2 2 1 2 1 1

X of X of
Biomass

23319.6
10652.5

1970.9

14147.9

865.8
16. 7

491. 6

502.4
697.4
585.9

115.7

86 ' 1
768.7

76.5
240.4

45.6

79.4
66.0

19.2

630.4
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summer are spots collected in large numbers. The population maximum is

reached in May. The observed seasonal pattern is a result of the influx

of young-of-the-year spots beginning in April and indicative of a March

or earlier spawning peak. By July, however, most spots have left the

estuary and do not return., possibly as a result of low oxygen condi-

tions in June  Figure 19! which may have initiated movement into the

Pamlico Sound.

While in the estuary, energy is being assimilated within the spot

population. Both the average length and average weight for juveniles

 <126 mm! from April through August increase, indicating increasing

size of individual fish  Figure l9!. It is also suggestive of the

important relationship between juvenile spots and the estuary.

The spatial distribution pattern suggests that spots avoid fresh-

water. Only during May and June were spots taken at Stations 3, 4, and

5. Salinities over this time period, however, were abnormally high fox

this area of the Neuse River. Spots were regularly taken at all other

stations.

Micro o on undulatus, the Atlantic croaker, also exhibits distinct

seasonal fluctuations. Probably because of an extended spawning

season, croakers immigrate into the estuary earli.er than spots and

remain longer. Peak abundance occurs in April, one month prior to the

spot maximum  Figure 20!. This peak is a direct result of juveniles

entering the estuary as very few adult fish were collected. Low

numbers during the summer and the absence of a fall peak may be due,

in part, to the low oxygen conditions within the estuary noted earlier.

The juvenile immigration into the estuary during late spring is

coincidental with increasing primary productivity. Increasing average

length and average weight from May through August is indicative of
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estuarine energy being assimilated into croaker biomass  Figure 20!.

The February to Nay decrease is attributable to the influx of young-

of-the-year fish which decreases the average.

Croakars are eurykaltne organisms. ~Micro o on undulatus was taken

at Stations 3, 4, and 5 in seven of the 11 months sampled. Salinities

at these stations dropped as low as O.l ppt. This species was also

regularly taken throughout the rest of the estuary, where salinities

reached 22.7 ppt. Croakers, therefore, may be better able to tolerate

the oligohaline estuary than spots. The result is niche differentia-

tion and more efficient utilization of available energy.

The bay anchovy, A. mitchilli, remained in the estuary throughout

the year. The numbers fluctuations indicate that considerabLe migratim

within the estuary and probably into the Pamlico Sound does take place

 Figure 21!. The population maximum in August 1972 is associated with

the lowest average weight and average length as a result of the immigra-

tion of recently transformed young-of-the-year fish. An increasing

trend in the growth data is seen through Nay  Figure 21!. At this

point, the 1973 year class begins to enter the estuary and a decrease

in average weight is the result. These data show that spawning occurs

in spring and summer with a midsumamr peak and that the estuary is

utilized by the young anchovies as a nursery area.

The spatial distribution pattern suggests that anchovies migrate

into more saline water in spring and sumnmr to spawn. Prom April

through August, no anchovies were collected west of Station 7. It

follows that young-of-the-year fish would be moving into the estuary

from the northeast and, therefore, reach the western stations near

New Bern last, accounting for the pattern described.
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Blue crabs, C. s~a ides, exhibit a migratory pattern similar to

that described for the Albemarle Sound, but without a fall peak.

Immigration is evident in March reaching a peak in April, then

declining through the summer. The difference between August 1972 and

August 1973 is inherent in the season-to-season fluctuation of the

blue crab population  Figure 22!. Winter populations are relatively

small compared to the August 1972 peak indicating that winter popula-

tion for 1973-1974 would be all but nonexistent. The summer decrease

may be related. to the oxygen decrease in June or to the commercial

fishing effort.

Numbers and Biomass

Only the migratory population is of major importance within the

Neuse River estuary. Spring immigration of migratory species,

especially young-of-the-year M. undulatus and L. xanthurus, produce

the largest numbers of organisms and greatest biomass during the spring

months of April and May  Figure 23!. Other immigrants such as C.

~sa idus, penaeus aztecus, p. duorarum, y. maculatus, B. ~trannus, and

~Coscton ~re alia also were taken in late spring but contribute rela-

tively little compared to the dominants. All these species constitute

the major immigration into the Neuse estuary and coincide with primary

productivity increases in March, April, and May. Chlorophyll a

values continue to increase to a suaraer maximum in July  Figure 23!.

It is precisely during the summer mon.ths, however, when secondary

productivity of nekton. is very low. The seasonal pattern seems ti.ed

to primary productivity, nevertheless. Low oxygen conditions during

the summer months  Figure 23!, especially in the river channel, may

force nekton out of the river into the nearby Pamlico Sound.
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Periods of very low flow rates are often prevalent in North

Carolina estuaries du~ing the summer months  Tenor, 1970! . Under

these circumstances, the normal organic load from urban and in«s««1

wastes, farmland runoff, etc, may create excessive demand.s on the

supply of oxygen. In addition, this organic material may act as a

source of nutrients stimulating the growth of phytoplankton. Nutrient

concentr'ations would be high in response to the low flaw rates

resulting in rapid algal growth. This algal productivity i.tself may

contribute to the lack of available oxygen. Nighttime respiration

and the reducing conditions created by decaying algae of bloom pro-

portions could cause oxygen levels to drop quite low.

Oxygen levels dropped precariously low during the summer of 1973.

During June, all stations had bottom oxygen readings of below 5.00

ml/1, nine stations had less than 3.00 ml/1, and six stati.ons had less

than 2.0 ml/l. Few, if any, nekton were collected at these stations.

Consequently, nekton within the estuary began to emigrate to less

s tress f ul condi tions . While oxygen c ondi tions imp r oved somewhat in

July, August oxygen levels were once again intolerably low.

The critical dissolved oxygen level seems to be 4 ml/l  Figure

24! . Above the critical level, 22 collections contained 100 or more

ind.ividuals. Below this level, only two collections contained. more

than ] 00 individuals. The mobility inherent in nekton populations,

resu] ting in individuals moving into less favorable condi.tions for

brie f periods could explain these two flue.tuations. So could the

fact that the dissolved oxygen reading was taken at the starting point

of each trawl. Conditions along the trawl's sweep may have improved

resulting in the larger catches.
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Low numbers and biomass were recorded during the fall and winter

months, With the emigration of most of the migratory population>

relatively few nekton remain in the estuary during this period.

Salinities are too high to allow the immigration of freshwater species.

S ecies Diversit Indices

The Neuse River estuary is dominated by the seasonal influen.ce of

warm water migratory species. This seasonal fluctuation is reflected

in. the four diversity indices calculated  Table 4!.

Analysis of variance of effects of month
and season on seven parameters calculated
from data collected in the Neuse River
es tuary.

Table 4.

F values
Parameters

month Season

+Significant 95K level; ++significant 99X level .

Highly significant seasonal fluctuations occur in the Shannon-

Weaver Index, "H'' numbers," the distribution of numbers furlong species.

Law values overall are characteristic of the stressful conditions found

in the estuary. However, spring and summer seasons showed values even

lower than fall and winter  Figure 25!. The spring low is the result

of the immigration of thousands of ff. undulatus and i ~ ~thorns
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Biomass

Number of species

H'' numbers

H'' biomass

5.29791~*

6.43500~*

9.59632**

4.33800**

3 85023*A

6.06054**

2s60555**

8. 24809**

7.10827+*

8.71049+*

6.44227**

1 37621

ils39475A'A'

4 96260*



juveniles. With most numbers attributable to only two species, a

skewed distribution and low diversity values result. The summer low

may reflect the deteriorating oxygen conditions within the estuary.

population levels drop but remain skewed as nekton. are forced out of the

estuary.

Only "H' ' biomass" does not show seasonal changes. The small

size of the juveniles which enter the estuary each spring apparently

does not sufficiently increase the biomass of the two dominants

relative to other species.

The "evenness" index, "J", fluctuates seasonally with low values

occurring in spring and summer, also. This condition is to be expected

since the spring dominants do indeed make the distri.bution less

"even." Intolerable oxygen conditions during the summer would have

the same effect by forcing out of the estuary all but the hardiest of

species.

The decrease in "species richness," "D", which occurs likewise in

spring and summer is due, in part, to the spring populati.on increase

and the summer decrease in the number of species. Whi.le the average

number of species drops only slightly  Figure 26! from winter to

spring, "0" decreases s igni f ican tly since catch i ncreas es sharp ly over

this same time period. A concomi.tant decrease in number of species

and catch produces the summer minimum, probably a result of low oxygen

levels.

The Neuse River estuary proved to be productive for a relatively

short period of time during the spring. Therefore, seasonal fluctua-

tions are clearly apparent from analysis of diversity indices. How-

ever, similar changes in. the diversity index may result from very

different processes and must be studied in conjunction with other data.
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SYSTEMS COMPARISONS

Recently, studies similar to the present one utili.zing bottom

trawls have been completed in other nearby estuarine areas. Two

studies were conducted in river estuaries  McErlean et al., 1973;

Turner and Johnson, 1973!. A third was conducted in a sound, river

complex  Dahlberg and Odum, 1970!. The two estuaries under considera-

tion here exhibit characteristics which are both typical of the other

systems and unique unto themselves.

Each of the five estuaries supported a few dominant species which

accounted for most of the catch. These speci.es were represented

primarily by juveniles utilizing the estuary on a seasonal basis, Many

of the same species were represented in each of the estuaries. Anchoa

mitchilli, L. xanthurus, and M. undulatus were dominant species in the

Albemarle Sound, Neuse River, and Newport River, North Carolina estuaries .

The seasonal migrations of these species, g. ~trannus and A. aestivalis,

were very similar in the three systems.

The number of species collected, however, varied considerably.

In every other study, many more habitats were sampled than in the

present study resulting in a higher number of species taken. More

species were collected in the mesohaline Neuse estuary than in the

oligohaline Albemarle Sound probably due to the higher salinity of the

Neuse River estuary. Many of the species not taken in the Albemarle,

such as Penaeue duorarum, ~gclaeno s ocellata M. ~ce halus, L~aodon

rhomboides, and Pomotomus saltatrix, are associated with higher salinitiaa.

Seasonal migrations are quite evident in all cases as catch

increased during the warmer months of the year. Within the Albemarle
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The Neuse River, however, supports only a migratory population.

Juveniles enter the estuary in early spring but do not remain through

the fall. Most individuals have emigrated from the estuary by June.

Secondary productivity, therefore, is high during only one season of

the year.

Species diversity indices were calculated for the Georgia estuary

and Patuxent River estuary. Seasonal cycles were evident in the

ShannonWeaver Index, and two relative species abundance indices,

"J", and "S' S", in Georgia. Only the "species richness" index, "D",

was homogeneous  Dahlberg and Odum, 1970!. All indices calculated
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Sound and Neuse River estuari.es, these seasonal migrations can be

understood in terms of the nekton populations present in each.

Three major nekton populations are characteri.stic of the Albemarle

Sound. Of these, two, the migratory and anadromous populations, are

composed primarily of j uveniles. The indigenous population includes

both adult and juvenile organisms. The migratory population enters

the eastern sound in spring with catch values remaining high until

fall. Emigration to more saline waters occurs during the fall months.

Juveni.les of the anadromous population migrate from the rivers into the

sound in June. Most emigrate from the estuary by late fall but some may

overwinter. Population increases of the indigenous species begin in

late fall and peak during the winter months. Peak populations include

both juvenile and adult fish. As a result of the integrated migratory

pattern of the three populations, secondary productivity is high

throughout the year. This high secondary productivity is at least in

part. due to the large freshwater input combined with a restricted

oceanic interchange which produces the uniquely stable estuary discussed

earlier.



showed cyclic seasonal patterns in the Paruxent River estuary including
"J" and "D"  HcErlean et al., 1.973!. Diversity values were higher in

spring and summer in both estuaries as a result of the immigration of
warm water migratory species.

Diversity values for the Neuse River estuary were generally lower
than those in Virginia and Georgia. A seasonal pattern was clearly

evident, although lower values occurred during the spring and summer
months. The dominating influence of just two species in spring and low

summer oxygen conditions cause these results.

Species diversity values are even lower in the Albemarle Sound
than the Neuse and show no seasonal pattern at all. The integrated

migrations of the three populations involved, together with species

replacement, produce the homogeneous results.

The Albemarle Sound and Heuse River estuaries seem to be rep-

resentative of temperate estuaries of this region. Species diversity

values, however, are somewhat lower than those found elsewhere whi.ch

could ind.icate more stressful conditions exist than might be expected.

The effects of coastal. development and industrialization may even now

be taking their toll. Conditions within these two estuaries may not

be as healthy as presently believed. Low summer oxygen condi.tions in

the Neuse estuary may be a manifestation of more serious problems,



ECOLOGICAL IMPLICATIONS

That steadily increasing tides of people are flooding our coastal

areas is a fact. That this human utilization will result in changes in

Nor th Carolina's coastal wetlands is inevitable. Increasing urbaniza-

tion, timber harvestin.g, channelizati.on, and dam and bridge construc-

tion may soon alter estuarine ecosys tems. It is critical, then, that

the effects of these man-made perturbati.ons be understood so as to

avoid any unwarranted disturbances to these and other coastal ecological

sys tems,

Each of the above-mentioned developments creates recognized

physical changes to the estuarine system. But beyond this, how are

these physical changes integrated into the biotic component? Using

the data presented in this thesis, this biological response can be

predicted with a fair degree of certainty.

An increase in the amount of organic materiaL carried by coastal

tributaries will surely follow the increase in population in coastal

areas. Increased organic input causes two primary consequences. The

biological oxygen demand is increased resulting in a net loss of

oxygen to the biological community. Organic material also acts as a

source of nutrients, especially nitrate and orthophosphate. Secondarily,

phytoplankton growth is stimulated by these nutrients. Algal growth

can be either benefici.al or harmful to the system. If the initial algal

productivity is relatively low, the increased productivity may initiate

increased secondary productivity. If algal productivity is already

high, however, the increased productivity will likely result in phyto-

plankton blooms. Nighttime respiration and dying or dead algae
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associated with these blooms reduce even further available

oxygen.

It seems clear that the Neuse River estuary would not. benefit

from an increased organic input, at least. during the summer months.
Algal productivity is high, water movement is sluggish, and oxygen
levels are already dangerously low. A net loss of available oxygen.

to the biotic components would be detrimental to nekton populations

vhich are unable to tolerate very low oxygen concentrations.

<ith the possible exception of the Chowan River mouth region in
the northwest, the Albemarle Sound. may be more able to tolerate the
organic input. Algal productivity in. term of chlorophyll a averaged
one-half that of the Neuse River estuary. Oxygen levels remained
high throughout the study and there was no eviden.ce of nekton avoidance
of certain areas due to oxygen levels. It must be remembered, however,

that secondary productivity in the sound is high at present. Addi-
tional algal productivity may not be beneficial in terms of increased
secondary productivity. Also, the precise conditions which initiate
blooms are not known, making the introduction of increasing amounts

of organ.ics into the system precarious,

As demand for freshwater climbs in growing coastal cities,

reservoir dame may be proposed. The first problem associated with a

dam is a lowered water volume. reaching the estuary. The effect of less

water is to increase the relative concentration of organics and

nutrients. Therefore, the problem increases the severity of the

effects discussed above. Secondly, seasonal pulses are dampened by a

Rainfall in North Carolina is not uniform. Therefore, more water

flows down rivers during certain times of the year, especially early

spring. Barns catch this water and release it at a more uniform rate.
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It has been shown that the immigration of some migratory species is

positively correlated with river flow  Gunter and Hildebrand, 1954;

Copeland, 1966! . Concomitantly, a more even flow res~lting in less

flooding in the freshwater tributaries, and therefore less spawning

habitat available, may adversely affect spawning success of some

anadromous species  Pate, 1972!.

Here again the Neuse River estuary is more susceptible to stress

in terms of organic load than the Albemarle for the reasons cited above.

Also, the Neuse River estuary has only two freshwater tributaries of

any importance, whereas the Albemarle Sound has many. The effect of

darning one of these two tributaries would have a more pronounced

effect on the Neuse estuary than darning a single river in the Albemarle

system. Seasonal freshwater pulses into the Neuse River may be con-

siderably dampened, possibly meaning smaller migratory nekton popula-

tions, especially the penaeid shrimps and menhaden. Also, fewer

spawning areas would be available for Alosa sp . due to less flooding

of hardwood swamps.

Present circulation patterns may very well be influenced by new

bridges or channels. In the firs t case, water movement is inhibited;

in the second case, it is enhanced. Bridges placed between the estuary

and the sea decrease the tidal influence on the es tuary. Salinity

fluctuations may be dampened and the estuary may actually shi.ft sea-

ward. The reverse is true for a bridge on the freshwater side. In

either case, water movement in the vicinity of the bridge would be slowed

causing deposition of sediment. Channels, especially deep ones, would

come from the sea. Salt water could move more freely up the estuary

causing greater salinity fluctuations and movement of the estuary away

from the sea. Summer stagnation with depth would definitely become
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a problem. Winds would be less able to recirculate this bottom

water.

The only foreseeable bridge site on the Neuse River estuary is
somewhere across the more saline end of it. Un,der these conditions,
estuarine habitat would be decreased since salt water would not
penetrate as far toward New Bern. The migratory population would be
denied use of a portion of the estuary which would be fresher than
before, Concomitantly, resident freshwater species could move further
down river. This study has shown a large immigration of migratory
species in spring. Tt is not known whether a large resident population
exists in fresher waters adjacent to the Neuse estuary. Therefore, it
is unknown whether or not the deleterious ef feet to the migratory
population would be offset by increases in the resident freshwater
species.

Numerous bridges surround and cross the Albemarle Sound today.
Tidal influence is very small and freshwater input vast. Yet another
bridge would certainly change water circulation patterns but the effect.
should be smaller than in the Neuse. Should salinity patterns change
within the sound, adjustment would take place among the species

present+

A deep water channel into the estuaries under study seems un-
likely. Nevertheless, such a channel might severely stress the Neuse
River estuary. This would initially seem not to be the case. A land-
ward shift and enlargement of the estuary would seem to benefit the
dominant migratory population. However, creation of a deep channel
would create additional demands on the already low oxygen supply.
Sluggish water flows during summer months would likely produce anaerobic
conditions in the channel. Wind alone would be unable to circulate the
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water sufficiently given the high biological oxygen demand. The end

result might be a system unable to support but the very hardiest of

species.

A channel i.nto the Albemarle probably would not suffer the effects

of stagnation due to the sound's large surface area. The long fetch

provides for sufficient circulation. Salt water intrusion, however,

could si.gn.ificantly reduce the indigenous population by destroying

the unique environment of the western. sound, Indigenous species

might be unable to utilize the sound and would be forced into the

ri.vers.

In both systems a sharper salt wedge would be produced by the

channels creating additional local salinity stress.

The final major alteration foreseeable in the near future is the

removal of many of the coastal timberlands. Timber harvesting and

clearing increases runoff and introduces nutrients and silt  organics!

into tributaries. Nutrients and organics have previously been dealt

with. Increased runoff over large areas could become a major problem.

Massive tracts of timber in the east are bein.g cleared, drained, and

put into cultivation. Water runoff will. become much more rapid

producing more severe floods of shorter duration.

Large corporate farms are becoming realities north and south of

the Albemarle Sound. In the Alligator, Scupernong, and Perquimans

River areas, rapid injection of runoff water into tributaries may flood

large areas. These flood waters may recede more rapidly than before

due to the lack of a sustained water input into the system as in the

past. Wi.ll the shorter duration be noticed in the hardwood swamps'? If

so, will spawning of Alosa sp. be affected? Wi.ll there be sufficient

time for spawning and egg development before the waters subside'?
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Answers to these questions are not known. Corporate farms in eastern

North Carolina promise to be quite extensive. Rates of water runoff

will undoubtedly increase in surrounding areas. Time will tell whether

or not detrimental effects to nekton will occur.

Given that North Carolina coastal areas will be developed, i.t

appears that the Albemarle Sound region would be better able to sustain

the effects of perturbations caused by the externalities related to

man's population increase. The Neuse River, especially during the

summer months, seems unable to tolerate any change which decreases the

supply of oxygen.
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CONCLUSIONS

The Albemarle Sound is an oligohaline estuary in northeastern North

Carolina which is dominated by eight species of nekton. Two of these,

N. americana and I. catus, are primarily western sound species. They are

found in the eastern sound only rarely when population levels are high.

Alosa aestivalis is the only dominant anadromous species. Juveniles

were collected throughout the sound reflecting the migratory nature of

the species. The remaining five speciesM. undulatus, L. xanthurus,

Cr ~sa idus, A. mitchilli, and l. maculatus � constitute the major eastern

sound organisms which migrate into other parts of the sound during

population peaks or salinity increases in the west.

Salinities fluctuated within the Albemarle between 0.0 ppt and 2.9

ppt. The western sound is practically fresh, while the east i.s more

saline. Partly due to this salinity regime, three distinct populations

and two areas can be recognized in the sound. The indigenous popula-

tion is associated with freshwater and inhabits the western sound.

Population peaks are reached in the wi.nter months coincidental with the

emigration of the two other populations. The migratory population

enters the sound from the east in early spring and remains in the

estuary through the fall months. During this time, migratory species

emigrate to more saline water. While in the estuary, the m:igratory

population is found primarily in the eastern sound where salinities are

slightly higher. The anadromous population migrates through the

estuary to spawn in the freshwater tributaries which empty into the

Albemarle Sound. Young-of � the-year fish enter the collections through-

out the sound during the summer months. Most of this population
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emigrates from the estuary by late fall but some evidence suggests

overwintering by a segment of the population.

Sprin.g and early summer nekton population peaks occur within the

Albemarle Sound, coincidental with chlorophyll a peaks. The immigra-

tion of the migratory and anadromous populations, rhea. seems keyed. to

the increased pri.mary productivity of the estuary during the spring and

summer months.

All three populations found within the estuary utilize the sound

extensively as a nursery area. Juveniles occupy a relatively low

trophic positi.on, feeding on zooplankton and organic debris, and are,

therefoxe, able to efficiently exploit the productivity increase.

Considerable growth took place while the juveniles remained in the

es tuary.

Species diversity indices calculated from data collected iu the

Albemarle Sound are quite low. Low divexsity values are indicative of

severe stress within the estuary. Three of four indices are

homogeneous. This does not reflect a lack of seasonal change, but

rather a coordinated integration of the three nekton populations

throughout the year which maintains a relatively constant level of

activity over time.

The Neuse River estuary is a mesohaline system dominated by only

four nekton speciesW. xanthurus, N. undulatus, A. mitchilli, and C.

~sa idus. Several parameters smy affect this result. Saliuities did uat

fall sufficiently low enough to support an active, freshwater indigenous

population.. Possibly because of the fewer number of freshwater streams

in the Neuse watershed versus the Albemarle watershed, the anadromous

populati,on migration is less signifi.cant. Finally, the penaeid shrimp
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populations, which may be important in other years, were lower than

might be expected due to natural species fluctuation patterns.

The only population of major importance within the Neuse River

estuary is the migratory population. Therefore, catch values show a

much more pronounced seasonal fluctuation. Catch values are high

during the spring months reflecting mi.gratory species immigration.

Low catch values are recorded for the remainder of the year.

Chlorophyll a readings increase concomitantly with spring immigra-

tion indicative of migratory patterns timed to take advantage of the

spring primary productivity pulse.

The Neuse River estuary functions as a nursery area during the

spring mon.ths. The vast majority of the nekton collected at this time

were juveniles. Average length and average weight data for juveniles

of the dominant species increase over time pointing to juvenile utiliza-

tion of available energy, assimilation, and growth.

Low oxygen conditions within the Neuse River estuary over the

summer months may encourage emigration, probably into the Pamlico

Sound, and prevent energy utilization by several species which would

otherwise take place. Oxygen values in June fell quite low at most

stations . Consequently, the migratory population within the estuary

at the time may have been forced to emigrate to more favorable condi-

tions . This migration probably took place between the estuary and

Pamlico Sound since it is the adjacent body of water and is more saline.

Nevertheless, primary productivity continued to rise through the

summer months increasing the energy available for potential use.

Relatively few nektonic organisms, however, remained in the estuary to

take advantage of the energy available, resulting in grossly inefficient
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i b the nekton. Based on the Albemarle Sound dataenergy utilization y e ~ r l !

h the migratory population would have remained i
one can assume that t e g

estuary until fall given tolerable conditions.
Seasonal pat terns arel tt ms are evident in three of the four species

diversity indices calculated. Only "H' ' biomass" is homogeneous
indicating the juvenile nature of the spring immigration.
three indices reflect a lower community diversity produced by
immigration of large numbers of only two species in the spring and a
decrease in the total number of species and catch over the summer months

The Albemarle Sound. and Neuse River estuaries are similar to other

nearby estuaries in that a few species dominate the nekton and marked
seasonality is apparent. However, species diversity values are lower

than other systems studied and do not fluctuate in a like manner.

Twenty-three species of economic importance were collected within

the Albemarle Sound and/or Neuse River estuaries. All of these species

apparently utili.ze the estuary as a nursery area during the first

critical period of life. Adults of these same species constitute the

basis for a large part of the coastal North Carolina economy. the

commercial snd sport fishing industries. The very livelihood of many

residents of our coastal counties depends directly or indirectly on th

continued presence of healthy nekton populations able to sustain annual

harvests. In addition, many North Caroiinians throughout the state-

derive benefits fs from these harvests in terms of food, recreation~ an ~

pecuniazy gain.

The importance oce of this sector of our economy is

it is equally important to to carefully maintain our esruari«areas

which the very existence ofof many comamrcial and sport fishing sp

depend. Any perturbations ws which could adversely affect
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ecosys tern should be scrupulously avoided. The law species diversity

values relative ta other nearby estuaries previously discussed may

indicate that the estuaries in question are already suffering.

The estuarine resources of North Carolina are valuable assets to

this state and its people. Care should be taken to be certain they

remain so in the future,
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10.0 20.0 30 0 4IO,O 5D.O 60.0 70,0 B

LEIlIQ~  mmj

RppendIx F I gure 1. Length-vel ght regression f' or Qac~
mLt~~ f'rom the Rlbemarle Sound.
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Appendix

5050. 0 100. 150. 200. 2

LENGTH  mmj

F figure 3. Length~eight regression f' or !~ada
ra~~ f'rom the Hlbemarle Sound.

81
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A endix C. Lis tin of Or i ina 1 Data

Key to Appendix C

LOCATION CODE: l - A] bemarle Sound, 2 � Neuse River Estuary

TOTAL WEIGHT CODE: Insert decimal before last digit

SPECIES CODE:

90

SP: Species
DATE: Day, month, year
L: Location
S: Station
TOT-NO: Total number
TOT-WT: Total weight
CHL-A: Chlorophyll a
SAL: Salinity  ppt!
TEMP: Temperature  degrees C!
D-0: Dissolved oxygen  ml/I!

00l Alosa aestivalis
002 Alosa suedoharen us
003 Brevoortia ~t rannus
004 Boresome ~ce edianum

006 Anchoa mitchilli
007 Morone americana
008 Morone saxatilis
009 Leiostomus xanthurus
010 N~tcro o on undulatus
011 Bairdella chrhsurs
012 Perca flavescens
013 Menticirrhus americanus

015 Ictalurus catus
016 lctalurus Eunctatus
017 Ictalurus nebulosus
Ol8 Tr inec tes mac u1 a t us
019 ~6n utile rostrate
020 Pomatomus saltatrix
021 L~a odon rhomboides
022 Amia calva
023 ~pe ri.lus ~ale idotus
024 Syynathus f uscus
025 Eucinostomus ~ar enteus
026 S ~burns ~la tuse
027 N~otro is sp.
028 L~e amis Eibbosus
029 Etheostoma olhmsteadi
030 ~Cosclon ~re alia

031 Eucinostomus ~ar enteus
032 ~Sclaeno e ocellata
033 N~uil c~ehalus
034 ~Sciaeno s ocellata
035 U~ro h cis chuss
036 U~ro h cis ~re ius

038 L~e isosteus osseus
039 Nonocanthus huis idus
101 Callinectes ~sa idus
102 Callinectes similis
103 Penaeus aztecus
l04 Penaeus duorarum
105 Penaeus setiferus

l07 Palaemonetes ~u io
108 Palaemonetes ~vul aria
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