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PREFACE 

This estuar ine p r o f i l e  i s  p a r t  o f  an emerging ser ies  o f  pub l i ca t i ons  con- 
cern ing  cur ren t  issues fac ing  the Na t i on ' s  estuar ies.  I t s  purpose i s  t o  
synthesi ze e x i  s t i  ng i n fo rma t i  on descr i  b i  ng the s t ruc tu re  and func t i on  o f  
A1 bemarl e  Sound, North Carol i na .  A1 bemarl e  Sound and : ' t s  associated t r i b u t a r y  
es tua r ies  represent  a  vas t  complex o f  freshwater t o  brackish water creeks, 
r i  vers , and open-water sounds. Thi s  complex, t he  northernmost component o f  
the  extensive North Carol ina coasta l  system, const i  t u tes  a  s ign i  f i c a n t  po r t i on  
o f  the system. 

The p r o f i l e  i s  a  s ta te -o f - t he -a r t  synthesis, b r i ng ing  together a1 l a v a i l -  
able in fo rmat ion  on A1 bemarle Sound, espec ia l l y  t h a t  c r i t i c a l  t o  managing the  
estuary. I n  many instances, c r i t i c a l  gaps e x i s t  i n  in fo rmat ion  needed t o  a f -  
f e c t  management. We have i d e n t i  f i  ed the gaps, suggested compari sons w i t h  
s i m i l a r  es tuar ine  systems i n  other sect ions o f  the country or  world, and 
descr i  bed ways t h a t  the mi ss i  ng in fo rmat ion  may be accommodated. 

Because the estuary i s  an i n t a c t ,  i n teg ra ted  u n i t ,  we are approaching the 
p r o f i l e  from a  systems v iewpoint .  No s ing le  funct ion o r  component operates i n  
i s o l a t i o n  from another. Likewise, the i n teg ra ted  estuary does no t  f unc t i on  i n  
i s o l a t i o n  from the streams enter ing  i t , the land around it, t h e  es tuar ies  and 
sounds connected t o  it, o r  the ocean adjacent t o  it. Thus, t h i s  p r o f i l e  
attempts t o  descr i  be the geological  , b i  01 ogi ca l  , chemical, and physical  char- 
a c t e r i s t i c s  o f  A1 bemarle Sound and then t o  s p a t i a l l y  and temporal ly  r e l a t e  the 
components t o  i 1 l u s t r a t e  the i n teg ra ted  estuar ine system. F i n a l l y ,  i n  Chapter 
6, we have suggested a  mul t i - face ted management s t ra tegy  tempered by socis-  
economic r e a l i t i e s  and i n s t i t u t i o n a l  cons t ra in ts .  

A1 bemarl e  Sound has received considerable a t t e n t i  on i n  recent  years. 
During the past  decade, the f i s h e r i e s  catch has decl ined about 70%; and nu i -  
sance a lga l  blooms on a  major t r i b u t a r y  ( t h e  Chowan River )  have lowered pro- 
pe r t y  values, d i  scouraged t o u r i  sm, and caused f i sh k i  11 s. Changi ng l and uses, 
i ncreasi ng i n d u s t r i  a1 and r e s i  den t i  a? devel opment , and freshwater d i  ve rs i  ons 
have been imp l ica ted.  I n  response t o  these c o n f l i c t s ,  t he  North Carol ina 
General Assembly has ordered a  j o i n t  agencylci ti zen 's  study o f  the  sound and 
preparat ion o f  an ac t i on  p lan designed to  i d e n t i f y  study needs and management 
s t ra teg ies .  This p r o f i l e  encompasses these needs and should be usefu l  i n  
assi  s t i n g  these important  e f f o r t s .  

The f i nd ings  i n  t h i s  r e p o r t  are no t  t o  be construed as an o f f i c i a l  U.S. 
Fish and W i l d l i f e  Service p o s i t i o n  unless so designated by other  author ized 
documents. Statements o f  canclusions, as we l l  as suggested courses o f  study 
o r  act ion,  are exc lus i ve l y  those o f  the  authors. 
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CHAPTER 1 

lNTWODUCTlON - THE SETTING 

1.1 ALBEMARLE SOUND AS A NATURAL UNIT 

Albemarle Sound and i t s  assoc i a t ed  
tri b u t a r y  e s t u a r i e s  i n  no r t heas te rn  N o r t h  
Caro l ina  represen t  an ex tens i ve  complex o f  
f reshwate r  t o  b rack i  sh water creeks,  
r i v e r s ,  and open water sounds ( F i g u r e  I ) ,  
The e s t u a r i n e  shore1 i n e  o f  t h e  e n t i  r e  
system exceeds 800 krn (500 m i )  and spans 
n i n e  coun t i es :  B e r t i e ,  Camden, Chowan, 
Cu r r i  tuck, Dare, Pasquotank, Perqui mans, 

T y r e l l  , and Washi ngton. A1 bemarl e  Sound 
i s  o r i e n t e d  approx imate ly  e a s t  t o  west and 
extends from the mouth o f  t h e  Roanoke 
River ,  about 8 km ( 5  m i )  no r t heas t  o f  t h e  
town o f  Plymouth, eastward about  90 km 
( 5 6  m i  ) t o  K i  t t y  Hawk Bay and Co l i  ngton 
I s l a n d  on t he  Outer  Banks. The main es- 
t u a r y  g r a d u a l l y  widens f rom l e s s  than  5 km 
( 3  mi ) a t  the  S ta te  Highway 32 b r i d g e  i n  
t he  western p o r t i o n ,  t o  over  20 kin (12  m i )  
wide i n  the area o f  the  A l l i g a t o r ,  Nor th ,  



and Pasquotank Rivers  i n  the  east .  The 
A1 bemarl e  Sound es tua r i ne  sys tern i nc1 udes 
seven major  embayed l a t e r a l  e s t u a r i e s  and 
numerous smal l  embayed 1 a  t e r a l  streams. 
On t h e  nor th ,  the  major  l a t e r a l  e s t u a r i e s  
are,  f rom west t o  east,  t he  Chowan, Per- 
quimans, Li t t l e ,  Pasquotank, and Nor th  
R i  vers ; the  Scuppernong and A1 1 i ga t o r  
R ive rs  a re  on the  south. Covering 
125,000 ha (500 mi *)  , the  es tua r y  i s  a  
s i gn i  f i c a n t  p o r t i o n  o f  t h e  Nor th  Caro l ina  
coas ta l  system. 

A1 bemarl e  Sound, which i s general  1 y 
perpend icu la r  t o  t h e  ocean shore1 i ne ,  i s  
t he  drowned p o r t i o n  o f  the  Roanoke R i ve r  
and i t s  ex tens i  ve f l  oodpl a i  n. Plumerous 
l a t e r a l  t r i b u t a r i e s  d r a i n  the  low, f l a t ,  
swampy coas ta l  p l a i n  and d ischarge r e l a -  
t i v e l y  small amounts o f  a c i d i c  b lackwater  
i n t o  the  sound. Consequently, the  sedi-  
ment l oad  i n  Albemarle Sound i s  smal l  and 
suspended sol  i d  m a t e r i a l  s  a re  dominated by 
organic  ma t t e r  de r i ved  from the  broad 
f l o o d p l a i n  swamp f o r e s t s  and j n l and  poco- 
s ins .  

On the eastern end o f  A1 bemarle Sound 
are several  open-wa t e r  es t u a r i  es . These 
a re  p a r a l l e l  t o  t he  ocean and Outer Banks 
and i nc l ude  the  f reshwate r  Cu r r i  tuck Sound 

on t h e  n o r t h  and the b r a c k i s h  Croatan and 
Roanoke Sounds on the south. Because o f  
t he  low, f l a t  topography o f  t he  ad j acen t  
1 ands , t h e  geographic o r i e n t a t i o n  and 
l a r g e  s i z e  o f  t he  sound, and t h e  l o n g  
f e t c h  over s h a l l  ow waters  , w i  nd energy 
dominates A1 bemarl e  Sound. The absence o f  
a  d i r e c t  communication w i t h  t he  A t l a n t i c  
Ocean resu l  t s  i n  s t r ong  f reshwate r  and 
minimal oceanic i n f l uences .  

1.2 GEOLOGICAL ORIGIN AND EVOLUTION 

The e n t i  r e  A1 bemarl e  Sound r e g i o n  i s 
under1 a i n  by an eastward t h i c ken ing  wedge 
o f  sediments and sedimentary rocks  de- 
pos i  ted  on the same type o f  c r y ~  t a l l  i ne 
rocks  t h a t  occur i n  t h e  Pi edrnont o f  Morth 
Caro l ina  (F i gu re  2) .  Th ick  beds o f  mar ine 
sediments were depos i ted  a t  va r i ous  t irnes 
when the ocean covered p o r t i o n s  o f  t he  
Coastal  P l a i n .  Th inner  beds were depos- 
i ted  as p a r t  o f  the  coas ta l  system as t h e  
sho re l i ne  m ig ra ted  back and f o r t h  across 
t he  Coastal  P l a i  n-Cont i  nen ta l  She1 f (grown 
e t  a1 . 1972). 

The resu l  ti ng wedge o f  sedi men t a r y  
rock  has been subd iv ided  i n t o  a  s e r i e s  o f  
fo rmat ions .  Each format ion has a  de f i ned  

F i gu re  2. Cross-sect ion o f  t h e  s t r a t i g r a p h y  of no r t heas te rn  No r t h  Caro l ina .  



p o s i t i o n  and age w i t h i n  the sequence and a  
d i s t i n c t i v e  tex tu ra l ,  m inera log ica l  , and 
fossi 1  composi ti on. The names and ages o f  
the formations are  presented i n  the cu t -  
away cross sec t ion  o f  the  North Carol ina 
Coastal PI a i  n-Conti nenta l  She1 f (F igure  
2). Nost o f  these u n i t s  have 1 i t t l e  d i r e c t  
i n f l uence  on the sound and w i l l  not be 
discussed. The uppermost veneer o f  uncon- 
so l ida ted sediments does have a  d i r e c t  
in f luence,  however, s ince these sediments 
d i c t a t e  the  general charac ter i  s t i  cs  o f  the  
es tuar ine  system, i nc lud ing  the regional  
geography and character  o f  t he  es tuar ine  
margins and bottoms as w e l l  as the topo- 
graphy, s o i l  types, water drainage, and 
land use o f  the adjacent land areas. 

Sediments deposited w i t h i n  t he  rap- 
i d l y  changing sequence o f  coasta l  env i -  
ron!nents dur ing the recent  geologic p e r i  - 
ods are extremely var ied  and complex and 
inc lude gravels, sands, c lays,  and peats 
i n  a1 1 poss ib le  combinations (Hartness 
1977). Most o f  these u n i t s  are no t  fos-  
s i l  i fe rous ,  or,  i f  they had contained 
f o s s i l s ,  the  f o s s i l s  o f t en  have been p a r t -  
l y  o r  completely leached ou t  by the  a c i d  
groundwaters moving through the  surface 
aqui fers.  The Ple is tocene sediments range 
i n  th ickness from a few meters up t o  15 rn 
(49 f t )  throughout t h e  i nne r  and middle 
es tuar ine  areas and increase t o  25 m 
(82 f t )  i n  the  outer  areas o f  the  A1 be- 
marle Sound Estuary (Table 1). 

Dur i  ng the  P I  e i  s  tocene Epoch, numer- 
ous massive i c e  sheets formed i n  the p o l a r  
regions and moved southward across the 
nor thern po r t i ons  o f  the  European, Asian, 
and North American cont inents.  I n  North 
America, the i c e  sheets came as f a r  south 
as the Missour i  and Ohio Rivers and ex- 
tended across New York, New Jersey, and 
onto the  New England Cont inenta l  Shel f .  
The development o f  m i l e - t h i c k  i c e  sheets 
t h a t  covered such vast  areas required 
tremendous volumes o f  water. Consequent- 
l y ,  the per iods o f  i c e  advance were accom- 
panied by worldwide lower ing o f  sea l e v e l  
by as much as 100 m (330 f t )  (Fa i rb r i dge  
1960). Conversely, the  r e t r e a t  and me1 t- 
i n g  o f  these i c e  sheets brought about 
worldwide sea l eve l  r i se ,  which was o f t e n  
i n  excess o f  the  present sea l e v e l  (F igure 
3)  

To consider the dynamics o f  the pres- 
en t  Albemarle Sound es tuar ine  system, the  
Ple is tocene h i s t o r y  f o r  t he  pas t  35,000 
years must be r e v i e ~ e d .  At t h a t  time, t he  
wor ld  was experiencing an i n t e r g l a c i  a1 
per iod i n  which the  North Carol ina coasta l  
and es tuar ine  system would have occupied 
approximately i t s  present geographic posi -  
t i o n  (Fa i rb r i dge  1960). Then, world c l i -  
mates began t o  cool and the l a s t  major 
g l  ac i  a1 i c e  advance was i n i  ti a ted  , culmi - 
nat ing  i n  a  maximum development a t  apgrox- 
ima te i y  15,000 t o  17,000 years B.P. (be- 
fore present) . A t  t h a t  ti me, the g l  ac i  a1 

Table 1. S t ra t i g raph ic  sec t ion  a t  Aurora, NC, S im i l a r  format ions o f  these 
thicknesses under1 i e  t h e  A1 bemarle Sound. 

- -  - -  

Age Thickness 

P l  ei  stocene 

P l  i ocene 

Pos t-Croatan 
Croatan 

Upper Yorktown 
tower Yorktown 

Miocene 

Eocetle 

Pungo River  

Cast le Hayne 
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Fjgure 3. Quaternary changes of sea level (from Fairbridge 1960). Time scale 
i s  now considered t o  be 1-3 million years. 

ice extended into the northern United 
States, resulting in a worldwide sea level 
about: 100 m (330 f t )  lower than present. 
The fact that coarse sands and gravel s 
were deposited an the North Carolina 
Coastal Plain as cut and f i l l  fluvial 
channel sediments suggests that the c l i -  
mate then was cold and wet. Such a sub- 
arctic climate would have produced minimal 
vegeta ti ve cover (Whi tehead 1965, 1981), 
resulting in niaximum surface water dis- 
charge and sediment erosion. The product 
o f  such an environment would have been 
coarse, sedi ment-choked , braided stream 
systems flowing across the Coastal F'lain 
and discharging onto the Continental 
Shel f . 

Sometime after 15,000 t o  17,000 years 
B.P., the world climate began t o  warm 
again, the glacial ice masses kgan to 
inel t and recede, and the present worldveide 
rise a f  sea level was underway (fairbridge 

1960; Whi tehead 1981). The sedimentary 
and physical character of the present 
Albemarle Sound estuarine system was al- 
ready defined. As the climate continued 
t o  warm, the vegetation slowly evolved 
into the hardwood and pine forests that 
characteri ze the Southeastern United 
States today, and the estuarine system 
migrated 1 andward across the Continental 
Shel f to  i t s  present posi ti on ,  

1.3 SETTLEMENT HISTORY 

Native Indians ca1 l ed Rl bemarl e Sound 
Neapemeac and 1 ived in the area north of 
the sound (Figure 4 )  prior t o  the coming 
of European set t lers .  The sound was f i r s t  
expl ored by Si r WaS ter Ral ei g h ' s col oni s t s  
under the leadership of Ralph Lane during 
the spring of 1586. Lane's Albemarle 
Sound expedi tion encountered hosti 1 e 
Indians, bad weather, and confl -ices over 





presumed rights.  People in the four cen- 
tu r ies  since have had the i r  own problems 
and confl ic ts ,  so that  the present A1 be- 
marle Sound i s  a product and conti nuation 
of i t s  hi story of water qua1 i ty decline, 
f i  sheries limi tat ions,  erodi ng shores, 
transportati an barriers,  and poverty 
(Stick 1982). 

European settlement began l e s s  than a 
century a f t e r  Lane's expedition when se t -  
t l e r s  began moving south froin Virginia. 
They bu i l t  homesteads along the shores, 
produced crops for export, and sailed 
the i r  c ra f t s  from sound to sea through the 
in1 e t s  of Curri tuck and Roanoke. Through- 
out the 17th century, Albemarle Sound was 
the hub and heart of North Carolina. 
Edenton, one of the colonial cap i ta l s ,  was 
the center of trade (Stick 1982). Herring 
frat1 th i s  area was one of the most jmpor- 
tant  exports From the royal port of Eden- 
ton dnd was used as currency in the area 
(Street  1482). 

Nun~t~rous cornriiu ni t i e s  and sinal ? towns 
were ~ s t a h l ?  shed on and near the water, 
and ldnd was cleared in ever-i ncreasi n g  
acreages for agri cul ture. Fi  shi ncj thrived 
and the timber provided raw material s for 
local rrsc arid export, Tiirlberi ng, f ishing, 
boat building, and farming have been the 
11tain a c t i v i t i e s  i n  the area since the 17th 
century (Stick 1982). 

1 . 4  8lOtOGICAL ZONES 

"TI@ RSbemarle Sound estuary i s  char- 
ac teri ;.& hhy low saf i ni t y ,  high turbi di t y ,  
dnd shdflaw water, The cen t ra l ,  deep por- 
tion o f  the es t~lary has a muddy bottom 
while the shaflnw, near-shore areas are 
sandy f Giese e t  a? . 1979). Near the shore 
there are frequently stands o f  widgeon 
yras5 { R . $  s p , )  and other attached 
Irest~hlrater vegetation tka t support peri- 
phytic algae and associated animals, such 
d s  ro t j  Fers , ne~i~atudes, arti~ropods , and 
crustaceans . 

Sal ini ty  i n  Al beiliarle Sound i s  yen- 
era l ly  l ess  than 5 ppt, which dic ta tes  
brackish to Freshwater biological conrniu- 
n l t i es .  As i s  typical of an oligohal-ine 
estuary, the benthic cornnzunj ty 11s domi- 
nated by Rangja cf ams (Copeland e t  a l .  
1974b j .  The estuary serves as an impor- 

t an t  pathway and habi ta t  fo r  several 
anadromous f i sh  tha t  are important both 
co~nniercial ly  and recreational ly in North 
Carol ina. 

41 beniarle Sound i s  not d i rec t ly  con- 
nected to the ocean, b u t  saltwater in t ru-  
sion occurs gradually through Oregon In l e t  
by way of Croatan and Roanoke Sounds. The 
t idal  amp1 i tude i s  low and, consequently, 
there i s  1 i t t l e  d i rec t  exchange with, o r  
flushing by, the ocean. A 1 arge freshwater 
inflow in re la t ion to  the volume of the 
sound perpetuates a nearly freshwater 
biological environment (Giese e t  a1 . 
1979). Dissolved oxygen levels  are ade- 
quate to  support biol ogi cal communi t i e s  in 
A1 bernarle Sound year-round (Bowden and 
Hobbie 1977); 1 i t t l e  or no anoxia has been 
reported in the estuary because of shallow 
depths and almost constant wind action. 
Thus, benthic communities remain estab- 
1 ished year-round in Albemarle Sound, in 
contras t  to other North Carol ina estuaries 
such as the Pamlico River Estuary 
(Cope? and e t  a1 . 1983). 

1.5 COMPARISONS TO OTHER ESTUARIES 

With a large freshwater inflow/sound 
voluine r a t i o  (see Section 2.5) ,  A1 bemarl e 
Sound i s  intermittently brackish through- 
out i t s  en t i r e  area and as such represents 
an estuarine system unique t o  North 
Carolina and the east  coast of the United 
States .  Albemarle Sound i s  an extensive 
permanent 01 i gohal ine syr tern with large 
imports and exports of materials,  turbid 
waters, and annual large spring freshwater 
infl  ows (Cope1 and e t  a1 . 1974b). Other 
ol i gohal ine estuarine ecosystems along the  
eas t  coast are usually found only in the 
upper reaches of Coastal Plain es tuar ies  
such as the Chesapeake Bay t r ibu ta r ies  and 
the Pam1 ico River, Neuse River, and New- 
port River Estuaries of North Carol ina 
(Rrower e t  a l .  1976). 

Other extensive oligohaline es tuar ies  
ex i s t  on the west coast and gulf coast of 
the United States as we11 as in other 
areas of the world. An estuary on  the west 
cilas t roughly comparable t a  A? bemarl e 
Sound i n  terms of i t s  s a l i n i t y  regime i s  
zhe Suisun Estuary a t  the inoutits o f  the 
Sdcramento and San Joaquin 4ivetu in  Ca1 i - 
fornia {Kelley 1956; Turner and  Kelley 



1966; Painter 1966a, 1966b). The Suisun 
es tu-arine biota i s  functionally simil a r  
to tha t  of Albemarle Sound, although the  
species present di f fe r .  

Lake Pontchartrain on the Louisiana 
gulf coast i s  another we1 I-known and we1 l -  
studied 01 igohal ine estuary. Like the  
sound, Lake Pontchartrain i s  dominated by 
larye freshwater inflows and food chains 
based on organic de t r i tus  (Darnel1 1958, 
1961; Fairbanks 1963; Kolb and van Lopik 
1966; Stone 1980). The trophic s t ructure  
of the Lake Pontchartrai n Estuary appears 
to be very similar t o  tha t  suggested fo r  
A1 bemarl e Sound. 

A th i rd  example of the 01 igohal ine 
estuarine system useful fo r  comparison 
to Albemarle Sound i s  the Balt ic Sea 
(Zenkevi tch 1963). In contrast  t o  Albe- 
marle Sound and other 01 igohal ine systems 
of the United States ,  the Balt ic Sea i s  
ra ther  deep, ye t  d i s t inc t ly  oligohaline. 
The zonation and types of plants and 
animals in the northwest section (Gulf of 
Bothnia) and northeast arm (Gulf of Fin- 
1 and) resembl e the characteris  t i c  eco- 
system of 01 i gohal i ne es tuar ies  1 i  ke A1 be- 
marle Sound. 

As we shall  see in the following 
chapters of t h i s  p rof i l e ,  many aspects of 
the biology and ecology of A1 bemarle Sound 
are s t i l l  unstudied. In l i eu  of quanti ta-  
t ive  and qual i ta t ive  information on many 
biol oy i cal components of the sound, i nfor- 
mation from pub1 ished studies on the estu- 
a r i e s  named above may prove useful a t  
present t o  bridge these information gaps. 

1.6 POTENTIAL CONFLICTS AND IMPACTS 

Si nce A1 bemarl e Sound i s dominated by 
the flow of i t s  t r i bu t a r i e s ,  any ac t i v i t y  
on those r iver  systems greatly influences 
what happens in the estuary. Thus, land- 
use patterns along the r ive r  basins and 
munici pa1 i t i e s  within the watershed may 
have adverse impacts on a c t i v i t i e s  i n  the 
estuary. Nutrient inputs i n to  the Chowan 
River are already notorious for t he i r  ro le  
in the perpetuation of a blue-green a1 gal 
b ! ~ o ~  there [Bond e t  a l .  1978). 

k c h  of the fresh water entering 
A1 bemarle Sound has i t s  origins in the 
swamps and fores ts  along the shores of 
t r i bu t a r i e s .  This water typical ly  has a 
1 ow pH and a high dissolved organic con- 
t en t .  Fresh water entering the sound a l so  
contains a largely undetermined load of 
pesti ci des, heavy metal s ,  and exotic 
organics, which, by adsorption onto par- 
t i cu la te  material in the water column, may 
1 ead to accumulations of these material s 
in the sound. 

Reduction and a1 tera t ion of flow 
rates  by upstream reservoirs on the t r i -  
butaries of Albemarle Sound could have 
far-reaching impacts on the migratory 
movements of anadromous f i sh  and on nu-  
t r i e n t  cycling in the estuary. The un-  
timely inputs of water from drainage 
canal s could a1 so a1 t e r  the sal i ni ty and 
nutr ient  patterns of the sound. 

The devel opment of 1 ow-1 yi ng 1 and 
surrounding the estuary, combi ned with 
high water t ab les ,  contributes to the 
potential  of septic tank e f f luen t  contam- 
i na t i  on i n A1 bemarl e Sound. Contamination 
by bacteria from the digestive t r a c t s  of 
warm-b1 ooded animals potenti a1 l y  threatens 
the she l l f i sh  beds of the estuary and 
could, in some localized areas,  impact the 
qual i ty  of water for  recreational uses as 
we1 1 . Indeed, a good porti on of A1 bemarl e 
Sound i s  c1 osed today to commercial she1 l -  
f i  shi ng because of bac t e r i  a1 con tami nation 
(see Section 3.3 f o r  explanation). 

Another potential conf l i c t  i s  the 
proposal by local in te res t s  to  develop an 
i nl e t  through the northernmost barr ier  
i s l  and (Curri tuck Banks) to  more d i rec t ly  
connect Al bemarle Sound to the ocean. 
There i s  a hi story of i n l e t  openings and 
closings on the Outer Banks (Stick 198?), 
which have caused changes i n  s a l i n i t y  pat- 
terns  and flushing character is t ics .  If an 
i n l e t  could be maintained now, there would 
be a trade-off between the present bio- 
logical community and the comuni ty tha t  
would evolve in response to  increased 
s a l i n i t i e s  i;n the lower reaches of Albe- 
marle Sound. 



CHAPTER 2 

OESCRllPTBON OF THE ENVIRONMENT 

2.1 REGIONAL GEOLOGY the estuaries (Figure 6 )  (Folger 1972; 
Giese e t  a l .  1979). The sand apron gen- 

A1 bemarle Sound l ies in the Pamlico erally occurs landward of the main break 
Terrace, an extensive, low, f l a t  plain 
east of the Suffolk Scarp (Fi ure 5 ) .  The 
terrace slopes from 3 t o  5 m 710 to 16 f t )  
elevations a t  the base of the scarp ently 
eastward to 0.3 to 0.6 m (1 to 2 f t  3 ele- 
vations at  the end of the land peninsulas. 
The Suffolk Scarp, a re l ic t  shoreline, 
separates the Pan11 ico Terrace of the main 
estuarine region from the higher ( u p  t o  
12 m or 39 f t )  inland Coastal Plain 
(Talbot Terrace) around the westernmost 
segment of the A1 bemarl e Sound sys tern 
(Figure 5j. The nature of each portion of 
the estuarine system and i t s  associated 
geometry and bottom characteristics i s  
detemined by the mineral ogic composi tion 
and the textural characteristics of the 
Pleistocene or older sediments (Bel 1 is  
e t  a1 . 1975)- 

Strearns ifi thl's area have relatively 
small sedlment f oadi ng, Suspended sedi- 
ments are mixed with organic sediments 
derived From the swamp forests and marshes 
to produce the dominant bottom sediment of 
A1 bemarre Sound, This brown-to-black 
sedintent contains up t o  15% organic tnatter 
(Giese et  a l .  1979) and i s  deposited 
within the standing waters of the embayed 
estuaries, SUFFOLK S C A R P  

Clf PAMLICO TERRACE 
The central portions of Albemarle 

Sound and the adjacent embayed lateral TALBOT TERRACE 

estuaries are flat-bottomed with average 
water depths between 2 and 4 m (6.5 and c 3 1 2 0  J O  

13 ft) .  Rrawn-to-bl ack, organic-rich w d s  fC..-h f * L _ $  I 

predominate b u t  grade lateral ty into a 
thin apron af fine sand i n  the shallow Figure 5. Geological features of the 
waters around the perimeters of most of North Carolina Coastal P l a j n .  
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F igure 6. Texture o f  bottom sediments i n  Albemarle Sound (from 
Giese e t  a1 . 1979). 

i n  bottom slope, a t  a depth o f  about 1 m 
(3  f t ) ,  and extends t o  the  shorel ine.  
Since the only major source o f  sand i n  t he  
es tuar ies  i s  from the  erosion o f  the sed- 
iment bank shorel ines, the  d i s t r i b u t i o n  o f  
sand i s  d i r e c t l y  r e l a t e d  t o  the l oca t i on ,  
s ize,  composition, and r a t e  o f  erosion o f  
the sediment banks. The sediments i n  
f r o n t  o f  the marshes genera l ly  have 
1 i t t l e  sand. They are character ized by 
h igh  organic contents and conta in  peat 
blocks, logs, and stumps. 

2.2 SHOREL I NE CHARACTER1 ST I CS 

The main es tuar ine  shorel ines o f  
Be r t i e ,  Carnden, Chowan, Pasquotank, Per- 
quimans, and Washington Counties, along 
w i t h  the western shore o f  mainland Cur r i -  
tuck County and the  Albemarle Sound shore- 
l i n e  o f  T y r r e l l  County, a re  considered t o  
be w i t h i n  the A1 bemarle es tuar ine  system. 
Th is  system i s  character ized by f i ve  types 
o f  shorel ines:  marsh, low bank, h i g h  
bank, b l u f f ,  and swamp fo res t .  The ex tent  
and d i s t r i b u t i o n  o f  the  f i v e  shore1 i n e  
types f o r  those count ies are shown i n  
Table 2. 

Marshes 

Marshes (F igure  7a) are no t  a prom- 
i nen t  shore l ine  type (8%) i n  t h e  Albemarle 
Sound es tuar ine  system; margins o f  the 
eastern embayed 1 a t e r a l  estuar ies some- 
times conta in  loca l ized,  narrow, f r i n g i n g  
marshes i n  f r o n t  o f  the  sediment banks. 
M s t  marsh i s  r e s t r i c t e d  t o  the outer  
A1 bemarle area, i n  eastern Camden, Cur r i -  
tuck, and Dare Counties. The prevalence 
o f  t he  marsh shorel  i ne  increases dramat- 
i c a l l y  southeastward i n t o  the Dar County 
area adjacent  t o  Croatan and Roanoke 
Sounds, where the e leva t i on  and slope o f  
the  l and  are low and the  estuar ine waters 
become sa l ine .  The extensive marshes o f  
the  ou te r  Albemarle area genera l ly  have 
the  f o l l  owing cha rac te r i s t i cs :  

1. several species o f  aarsh grasses, 
predominantly black needlerush (Jun- 
cus roemerianus) w i t h  l esse r  amounts - 
o f  several species o f  cordgrass 
(Spar t ina)  ; 

2. i r r e g u l a r  shorel i nes  ccrnsi stl'ng of 
coves and headlands, which range from 
a few meters t o  thousands o f  meters 
i n  width; 



Table 2 .  Miles of shoreline types around the A1 bemarle Sound Estuary (date 
fro~ii Bellis e t  a l .  1975) .  

-- - Swamp 
County rlarsh Low hank  High bank Eluff forest Subtotal 
-- 
fierti P 
Ca mden 
Chowan 
Curri tuck 
Pasquotdn k 
Perqui mans 
Tyrrel 1 
Wdshi I?(] ton 

'3. rnnrsh pedts, which are thickest on 
the outer e r l y  and thinnest on the 
inqide where they lap onto the upland 
f orc~sts;  

*1, vertical :carps on the outer perime- 
ter  o f  the irlarsh shelf, which drop 
abruptly into 0.3 to % m (1 to  6 . 5  
f t)  of water; and 

5. rapid rates of erosion averaging 
I. snlyr : y r  due  t o  the large 
retch i n  the outer estuarine areas 
(Rellis ct  d l .  1975). 

The imrsh substrates a re  oxycren- 
tieficiunt, water-raturatetl, organic peats 
tni xed w i  t h  vary: nq arnounts of inorganic 
sedin:ent trapped by the haffl i ng effects  
a f  yrdss stenis d u r i n g  stortr? tides. Below 
ttlr surface i s  a 25-to-50-an (10-to-20- 
i n c h )  t h i c k  l i v e  root zgtne. This  tough, 
intcrf,wined root mat i s  underlain by a 
zutie of so f t ,  decayed, clayey peat, con- 
taininq dbundant loqs and stu111ps on top ~f 
the o ld  i~pland soil profile. As the inarsh 
edge i s  d t t a c k e d  by wave action and organ- 
-i sins, the r o f t  peat i s  undercut, large 
blocks slump, break off ,  and sink to the 
bottom whcrc they are further broken down 
intct fine organic detritus.  T h i s  organic 
detri t u c ,  i s  either redeposited w i  t h  estu- 
arine sediments along the trrarsn or i s  
incorporated jnto the estuarine food chai n 
(Ee~tun  1979).  

Marsh peats grow vert ical ly  and la t -  
eral 1 y in response to r i  sing sea 1 eve1 , 
which i s  about 10 to  25  cm ( 4  to  10 
inches) per century in Albemarle Sound 
(Fai rbridge 1960; Giese e t  a1 . 1979). The 
ri si ng water tab1 e causes increased s t ress  
on the adjacent up1 and forests ,  resulting 
in the gradual succession fran forest  to  
marsh and the burying of the upland soil 
profile and fallen trees.  The landward 
extent of these marshes i s  limited in the 
A1 belnarle Sound Estuary by the height of 
f l  oodi ng caused by regular astronomical 
tides or by irregular wind tides and the 
topography of the land. Thus, marshes a re  
being eroded along the i r  outer perimeter 
more than they are able t o  expand in1 and 
(Belli s e t  a1 . 1975). 

Low Banks 

Low banks (Figure 7b) are  the single 
i~iost abundant shoreline type (43%) in the 
A1 bemarl e system and  are particularly 
important in Camden (5421, Pasquotank 
(76%), and Tyrrell (66%) C~ontties. Low 
bank shore1 ines are sediment banks com- 
posed of sand and clay and have a re1 i e f  
of 0 .3  to 2 In (1 to 6.5 f t )  above mean 
water level. The bea~h a t  the base of the 
eroded low hank usually consists of a thin 
and sporadic sand or clayey sand sediment 
layer on top of a clay bed that occurs a t  
or s l ight ly below the water l ine.  This 
clay bed usually extends into the offshore 



a. Marsh shoreline. b .  Low bank shoreline. 

c. High bank shoreline. 

4 .  R? t?ff shore? i ne. e .  Swsmo forest shore1 i n@,  

Figure 7. Types of shore1 ines characterizing the A1 bemarle Sound estuarine system. 
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(Bel l is  e t  a l .  1975). S~~ainp fores ts  thr ive  
in freshwater, b u t  cannot to le ra te  more 
than brackish water s a l i n i t i e s  (i . e . ,  5 
p p t )  . Pers is tent  sal ini  ty-1 itni ting con- 
dit ions only occur i n  tile easterrtrnost part 
of tilit Sound in Dare County* Cypress-gum 
swamp fores ts  occur primarily alony the 
rnargivs of t h ?  einbayed la tera l  es tuar ies  
througilout the en t i r e  Albemarle syste111 
where the broad r iver  floodplains are 
being inundated. The averaye r a t e  of 
shore1 ine recession averages ahout 0.7 ni/ 

yr (2 .3  f t )  with a range of O and 2.5 ril/yr 
(0 arid 3.2 f t l y r ) .  The shoreline recedes 
as the guiil and inaple are  drowned out by 
permanent flooding. The more flood- 
tolerant bald cypress survives consider- 
ably longer and i s  l e f t  standing as 
scattered reiiinants i n  Front of the swamp 
fores t  shorel ine. The permanently flooded 
cypress beco111e i ncreasi ngly stressed and 
eventdally die  or are blown over by winds. 
If the cypress stand i  s  dense, shorel i ne 
recession i s  negligible.  If the cypress 
die or are logged, however, the gum-map1 e 
fores t  i s  eroded rapidly. All of these 
trees have shallow root systems, and once 
the roots are exposed through wave act ion,  
the t rees  are  readily toppled. Sometimes 
i t  i s  d i f f i c u l t  to dist inguish the actual 
shoreline because the t ree l ine  does not 
necessari ly  fol l  ow the 1 and-water in te r -  
face. 

Throughout the A1 bemarle system, nu-  
merous small t r ibutary creeks enter  the  
estuary. The juncture of the t r ibutary 
w i t h  the estuary i s  typical ly  character- 
i zed by a protruding headland of cypress 
that  i s  more res i s tan t  to erosion than 
the adjacent sediment bank. These cypress 
headlands tend to segment what would 
otherwise be a uniformly re t reat ing sedi- 
ment bank into  a repeated pattern of coves 
and headlands. The coves tend to r e t r e a t  
f a s t e r ,  but do a c t  as basins or traps fo r  
the eroded sedi ments. 

2.3 WATERSHED CHARACTERISTICS 

The area surroundi ng A l  beinarl e Sound 
i s  sparseiy populated, ref lect ing i t s  
h i  story.  A1 though the rural popul a t i  on i s  
prc,jer,t& t o  d e c l i n e  s teadi ly ,  the to ta l  
population of the area i s  expected to 
increase by about 20% over the next 50 

years as  the small communities grow i n  
popul a t i  on. 

About two-thi rds of the land in the  
nine counties surrounding A1 bemarl e Sound 
i s forested (Tab1 e 3 ) .  The amount of I and 
taken up by urban areas and highways i s  
small; about 18,200 ha (45,000 acres)  of 
the total of nearly 800,000 ha ( 2  mil l ion 
ac res ) .  All c i t i e s  and towns around the  
sound are small, and none support a popu- 
l a t ion  of r:iore than 20,000. 

land use in the lowlands surrounding 
A1 bemarl e Sound i s  rapidly changing (Heath 
1975). Although cult ivated land in the  
Sta te  as a whole i s  decreasing in a r ea ,  
the number of acres under cul t ivat ion i n  
the lowlands south of Albemarle Sound i s  
increasing (Figures 8a and 8b) .  For 
example, nearly 12,000 ha (30,000 ac r e s )  
of forested l and in Tyrref 1 County have 
been converted to agri cul tural 1 and  s i  nce 
1974 (McDonald and Ash 1981). Most o f  the 
mineral s o i l s  (Figure 9 )  have tradi ti on- 
a l l y  been farmed, b u t  agr icul ture  i s  now 
increasing in the shallow organic s o i l s  
and in some of the deep organic s o i l s .  

Land use around A1 bemarle Sound re-  
mains l imi tecl by the 1 ow-lyi ng swampy 
topography of the area.  To e f fec t ive ly  
cu1 t iva te  land of low elevation and high 
water tables ,  i t  must be extensively 
drained (Skaggs e t  a1 . 1980). Wi t h  in- 
creasi ng agri cul ture,  a network of canal s 
carrying large amounts of freshwater to 
the estuary has been constructed.  
A1 though there are more canals today, they 
are not a recent innovation, Drainage was 
i n i t i a t ed  in the l a t e  1600's (L i l l y  1981). 
A company owned by George Washington 
s tar ted the f i r s t  large-scale drainage 
project on these so i l s  in the 1790's. The 
1 a t e s t  period of increased drainage ac t i v -  
i ty  began i n  the ear ly  1970's when several 
1 arge corporatr'ons became i nvo l  ved in 
c lear i  ng and developi ng thousands of acres  
of land i n  eastern North Carolina (Figure 
10).  The general expense of draining the  
low-lying land will probably continue to 
l im i t  the variety of land uses ava i lab le  
to that  area. 

Under1 yi ng bedrock forms the envi ron- 
ment groundwater, The Piedmont and moun- 
ta in  reg-ions of Morth Caroiina dr.e u.ndetq- 
l a in  by bedrock re la t ive ly  close t o  the 



Table 3. Land area and land use f i n  acres) around the AlSernarle Sound ictuary (North 
Carol i na Constrvation Need Inventory 1971). 

Federal Urban Crop 
Coifn ty Total non-crop e t c .  1 and Pasture Forest Other 

Uerti e 
Carnden 
Chowan 
Curri t t i c k  
Dare 
Pasqraotank 
Percitli irlans 
lyrre l  1 
\rfnl;hi ng ton - 

r,urface, h u t  +tn ~ I I C  Cod~;tai Plains kdrock 107 of the total precipitation runs over- 
i s  covered by ur~consol idcited ?dc,edi!i~entnry land to the recei viny streams. Another 
cicgast t s  thd t rnnge i r i  th ickn~ .~s  frail d 20L, however, enters the recei vi r q  streal11 
fed mctc?rs clloncl tho fa l l  l ine lo dboul through runoff into the groundwater and 
3,flOil ru (9800 f t )  d t  Cdpe i(dtterd5 {Hedth then into the streanr. Finally, only about 
I ( j r i l O ) ,  Thew deposi tt, fonn the qrotrn/f- 27 of thp toLal p r ec ip~  Cation Flows as a 
water pnquifers for' t f t c l  Coastal P l a i n  rechargct to the groundwater reservoir .  
(Ffqure 11). 

Ihe Iwn narrt iriaportdnt dqui fers in 
ti.tii Coastal P l a ~ n  are the upper acjui Fer 
dnri the 1irnr:ttorle nquifer (Medth 1990). 
Tile upper squlfer y i e l d s  ttlc iirort wdlet- 
(Viqure 1 7 )  2nd 1s ca source of input to 
thta streaft??, drrd t h i k  rbstudry. T h i ~  u p p r  
acluifer 1% a l so  rnor;C npt to bc contdf-ii- 
nd t fd by l a t l d - u q , ~  a t  t i  vli t i  @s. The wd t e r  
t h b l ~  froi!: t i i i ~  aqtlifer l i p s  close to the 
surface I n  iwch of  the low-lyiftq areds 
drvund t h e  A l  hemnrl G Sound, The 1 imestane 
a q u i f e r ,  or t a s t l r  Haynr fonnat~on, i s  the 
r t ~ r t  prcduc t r ve ailcli f c r  in Nortk~ Ca rol i na  
i n  tprvrs OI y j o l d s  t o  indivicirral well$. 
The rlmoiirrt of grziur~dwa tiir dvai 1 ah1 e frnrri 
both aqur fers i!, I ? m i  t&3 to  the aiqourtt o f  
wtitor tkrat can k drawn friw) .;tc>rdqe, the 
r-ra tural d i  srhnrye tt%t cdzr te I n t o r c c p t ~ d ,  
d n d  the add? t t  unal rcbchdrge l h a  t cdli he 
rnclucmi Into S h r ~  d q u i  fet- (Wilder ~t i l l .  
1978). 

El'i Ider e t  d l .  f 1978) traced t i r~ fast?$ 
%.-.A A <  e+-; k.'&<*.** 

C l T i L . 3  lil i ., i l  , L $1 i i Uii c f  q p ~ \ z r 2  r k i  4 i+i rm ..-. Ld - ,  , 3 x 7  tke 
estuary and I i s  wa t ~ r s h e d  i r l  nort'leastern 
Narth Cdrolina (Fiqure 1 3 ) .  Only ahnu? 

A1 hemarl e Sound and northeastern 
North Carol ina general ly  receive betw~en 
110 to 130 crn (47 to 51. inches) of rain 
per year (Figure 1 4 ) .  These figures can 
vdry c l r~a t l y  from pldce to  lace and over 
ti;rie. Rainfall durinq dry years inay tw a s  
low as 89 un (35 inches) and in wet years 
as h i g h  a s  200 crn (73 inches) (Wilder 
e't aT. 1978). D-i s t r i  bcrtion of ra infal l  
ti~roughocrt the year i s  reasonably uniform. 
The highest preci pi  td t i  or? i s associ a teii 
w i t h  thur~derstarnis in the surriiner (Fiqure 
1 .  'The lowest ra infal l  occurs durin? 
the f d l l ,  w i t h  a secondary low during the 
spring. 

Evapi? trans pi ra t i  on 1 osses tend to he 
~ n u c h  rnore constant frorl year lo year than 
i s ra infal l  (&i l der e d  a1 . 1978). There- 
fare,  the variations i n  annual rai nfa: i 
resul t i n  si gni f i  cant d i  fferences i n the 
2"":l"t ef v ; ~ i  ni37 1 3 v 3 i  1 yl_ble tn r ~ n 1  ~ n i  z h  
water rrrticav~d frotri the groundwater and to 
Flow i n t o  ti7e estuary,  Evapotranspi ration 
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b. Cleared land i n  1973. 

Figure 8. Changes i n  land use on the  Pamlico - Albemarle Peninsula (from Heath 1975). 
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Figure 9. Generalized soi ls  map (from Heath 1975). 

exceeds rainfall in the averaye year dur- Hind directions change frequently in 
the months of May and June (Figure the area of the estuary, h u t  the prevail- 

During dry years, evapotranspiration ing winds are from the S-SW and have an 
rnay exceed rainfall a l l  year, average speed of 15 to 16 km/hr (9 to 10 

mph) (Clay e t  al .  1975). Under typical 
Albernarle Sound l ies  in a belt where weather conditions the highest wind ve- 

the average January temperature i s  between locities (N-NW during frontal movements) 
6" and 8°C (43' a n d  46°F) (Clay e t  al.  generally occur in winter, and the lowest 
1975). Tetnperaturer seldom fa1 1 below wind velocities occur during the summer. 
-12°C (IOaF), and the winters are mild,  However, localized or isolated thunder- 
Summers are characterized by hot, humid storms, hurricanes, and tornadoes may 
days, w i t h  t h s  avefage daytime tesfipefatiire create winds having major i i~ ipacts dirring 
reachlng 32°C (90°F) or above i n  July and the summer. 
August. 
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SCALE 

Figure 10. Land owned by corporate farms in 1974 (from Heath 1975). 

2.5 HYDROLOGY e t  a l .  1978). The amount of runoff i s  
highest during the l a t e  winter and early 

The two major sources of freshwater spring and lowest during the fa l l  (Figure 
into A1 bernarle Sound are  the Chowan and 16). 
Roanoke River (Giese e t  a1. 1979). The 
average annual inflow of freshwater t o  Before impoundments were constructed 
Albemarle Sound i s  approximately 17,000 on the Roanoke River, i t s  normal flow rate  
cubic feet  per second ( c f s )  (Table 4 ) .  was highest in winter and lowest in summer 
Over half that  (8,800 c f s )  i s  from the and fa l l  (Table 5) .  Comparing the mean 
Roanoke River. The net inflow from the discharge prior to  impoundment (Table 5 )  
rivers entering A1 bemarle Sound other than with the water budget calculated for  the 
the Chowan and Roanoke i s  about equal t o  river a f t e r  impoundment (Table 4 )  indi- 
the amount of water entering the sound by cates that  the average flow rates  in  
precipitation. winter are  s l jght ly reduced, and the 

average flow rates in sumiraer are s l igh t ly  
Runoff, and therefore freshwater in- increased. The mean annual discharge o f  

 tit, i s  not evenly distrfbuted through~ut  the  Roanoke River over a 37-yr period 
a year and may be fa r  less  than average (Table 6 )  ranges between about 5,300 cfs  
for several months a t  a time (Wilder in a dry year to almost 12,000 cfs during 
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TOTAL PRECIPITATION 
5 0 1 n  ( 1 2 7 0 m m l  

/ U P P f R  AOUIFER 

Arerage t e l o l  storaga 1 2 , 8 0 0  

4 6 0  f e e t  
Avbfoge f r e s h . ~ ~ e r  , l v r o g a  032 M p a l l m t 2  

C O N F I N I N G  
BED 

' h l r k n G s  A r o i l e l l .  trash.orer r r e r  age 0 28 uqa~/,,,, 2 
510 l c e t  . (W8lhauI d* .ormr ,n~)  

C O N F I N J N G  B E n  

Figure 12. Estimated average amount of 
recharge t o  and storage i n  the three major 
aquifers underlying the Albemarle Sound 
Estuary (from Wilder e t  a1 . 1978). 

i s  su f f ic ien t  to effect ively  block sa l ine  
water from the system. Moreover, the sea 
water tha t  does reach A1 bemarle Sound has 
already been diluted to  almost half 
strength in Pamlico Sound. T h u s ,  the sa- 
1 i ni ty in  A1 bemarl e Sound i s a1 ways re1 a- 
t ively low. 

2.6 WETLAND AND AQUATIC ENVIRONMENTS 

Wet1 ands around A1 bemarl e Sound are 
general l y  cl assi  f i  ed as three types: swamp 
fores t ,  pocosi ns, and i rregularly flooded 
marshes (Cowardi n e t  a ? .  1979). Mainly 
because of the lack of lunar t ides ,  there 
are few acres o f  regularly flooded fa1 t 
marsh around A1 bemarl e Sound (Wi 1 son 1962; 
Bell is  e t  a] .  1975). In surveys by Wilson 

Figure 13. Components of the hydrologic 
cycle in northeastern North Carolina (from 
Wilder e t  a1 . 1978). 

(1962) and Belli s e t  a1 . (1975), about 65% 
of the wetlands in  counties surrounding 
Albemarle Sound i s  pocosins (Table 7 ) .  

Wooded swamps a re  characterized by 
long periods of standing water, a1 though 
the fo res t  f loor may &e dry during a por- 
t i  on of the growing season. The peaty o r  
mucky soi l  supports hardwood t rees  char- 
acter i  s t i c  of Southeastern Uni ted States 
f 1 ood pl ai ns . The three most common canopy 
t rees  are black gum (Nyssa syl vat ica)  , 
tupelo gum (N. a ua t ica ) ,  and bald cypress 
(Taxodium distichum -7- i n  single stands o r  
in combinations. Nutrient release i n  the 
wooded swamp i s  slow; most nu t r ien t s  
accumul a te  in the sediments (Woodwell 
1958), which f i l t e r  water flowing to  the 
es tuar ies .  

Pocosins are  characterized by being 
flooded during the winter and water1 ogged 
during the remainder of the year. Dominant 
vegetation i n  the pocosi ns are broad- 
leaved, evergreen shrubs and pond pine 
(Pinus serotina) (Richardson e t  a1. 1'381). 
The pocosin soil  i s  law in nu t r ien t s  and, 
as  such, i s  probably not amenable t o  
cl ear i  ng and farming (Woodwel 1 1958). 
Pocosins lack the abundance or d ivers i ty  
of wi ldl i fe  of wooded swamps (Richardson 
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Figure 16. Average monthly runoff f o r  
streams d ra in ing  t h e  Albemarle region 
(from Wilder e t  a l .  1978). 

sa1 t marshes a r e  cha rac t e r i zed  i n  t h e i r  
1 ower el eva t i  ons  by t he  black need1 e rush  
(Juncus roemerianus) and i n  th? higher  
l oca t i ons  by t h e  s a l t  meadow cord g r a s s  

and s a l t  g r a s s  (Pi s t i -  
A1 though t h e r e  3 s con- 

a s  t o  t he  magrli tude 
of cont r i  buti  on from the  i r r e g u l a r l y  
flooded s a l t  marsh, i t  i s  thought t o  con- 
t r i b u t e  organi c mat te r  t o  t he  e s t u a r y  
during times of l a rge-sca le  f loodi  rig 

1 t . ' ,  . " . 7. v .. 
ii 5 M W SII 1q W ) * t r O * l l C l *  - -  I .. .-"-. . ----- .. -- 

( M i  1 son 1962). 

Figure 14, Average annual p r e c i p i t a t i o n  The Roanoke, Chowan, Perquimans, 
f i nches )  f o r  rtortheastern North Carol ina L i  t t l  e ,  Pasquotank, North, A1 1 i g a t o r ,  and 
(Fra11 Wilder. el; a1 . 15178). Scuppernong Rivers  e n t e r  A1 bernarl e Sound. 

This r i v e r i n e  sys tan  d r a in s  a t o t a l  a r e a  
of about 47,550 km2 (18,359 m i 2 )  (Giese 

e t  a t .  1481). Their major energe t ic  con- e t  a l .  1979) and has an average annual 
t r t bu t i an  ta the  e s tua r ine  system niay be o u t f l o w  of abou t  17,000 cfs  (Table 4) .  
through tk? @#por t  of organic matter  when The ou t f l ow  f rm these  r i v e r s  i s  s u f f i -  
f to&  wtfets e x i s t .  c i  e n t  t o  ef f e c  t i  vel y bl  oc k sa l  i ne water  

from t h e  system, except  during unusual 
Jrreguiarly f'aarled sal marshes drought condi t i  ons. Because t he  r i v e r  

border %he es tuary  alofig t he  shere l ines  of hasins  a r e  overs1 zed for t h e  amount of 
hlir of the Q!ne ~OurtitjeS (Table 7) .  These water t h e y  c a r r y ,  water ve loc i t i e s  a r e  

low. 

The aqua t i  c envi ronmen t of A1 bemarl e 
Sound i s  t y p i c a l l y  o l i goha l ine  (Heath 
1975; Bowden and Hobbie 1977); i . e . ,  
0.5-5 ppt (Cowardin e t  a l .  1979). The 
average su r f ace  sal  i n i  t y  of the A1 bemarl e 
Sound Estuary does not normally exceed 
about 5 ppt (F igu re  191, and i t  i s  gen- 
e r a l l y  lowest during the sp r ing  (F igure  
20a) and h ighes t  during t he  f a l l  (F igure  
20b). Sal twa t e r  s e l  d m  penet ra tes  t h e  

F'igure 15. Maximum, average, and minirnum es tua ry  up t o  the mouths of t he  Roanoke 
monthly p r e c i p i t a t i o n  and ca l cu l a t ed  aver -  and Chowan Rivers  (Bowden and Hobbie 1977; 
age evapot ransp i ra t ion  a t  E l  izabeth C i ty ,  Giese e t  a1 . 19791. h e  t o  t he  shal low- 
NC, 1431-1%0 dfrorn Wilder e t  a 7 .  1978) .. ness of the  e s t u a r y  and p reva i l i ng  winds, 
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Table 4. Gross, water  budget ( i n  c f s )  f o r  A1 hemar'ie Sound, based on 1965-1975 d a t a  
(from Giese e t  a l .  1979). 

-- 

Chowan Roanoke A l l  o the r  Net 
Month Preci pi t a  t i  on Evapora t i  on i nf1 ow inf low inf low outflow 

January 2,800 1,000 6,500 10,000 4,200 23,000 
February 3,400 1,700 9,100 12,000 5,900 28,000 
Ma rc  h 2,900 2,200 8,600 10,000 5,600 25,000 
Apri 1 2,500 3,400 6,600 11,000 4,300 21, 000 
May 2,800 3,900 3,700 20, GO0 2,400 16,000 
June 3,600 4,200 2,600 8,500 1,700 12,000 
Ju ly  5,400 4,100 1,000 8,000 1,900 14,0@0 
August 5,000 3,500 3,500 7,500 2,200 15,000 
September 4,300 2,800 3,000 6,500 2,000 13,000 
October 2,500 1,800 2,200 6,500 1,400 11,000 
November 3,000 1,400 2,500 7,500 1,601! 13,000 
Dec em be r 2,600 900 L 4 400 8,300 1,300 16,000 

Average annual 3,400 2,600 4,600 8,800 2,900 17,000 

Table 5. Monthly mean d ischarge  ( c f s )  of 
the  Roanoke River  a t  Roanoke Rapids, N C ,  
1913-1949 (from U.S. Geological Survey 
da t a )  . 

Month Mean ( c f s )  

January 
February 
March 
Apri 1 
May 
June 
Ju ly  
August 
September 
October 
Nov @TI be r- 
December 

Table 6. Normal annual  mean d ischarge  
( c f s )  of t h e  Roanoke River a t  Roanoke 
Rapids, N C ,  1913-1949 (from t h e  U.S. Geo- 
l og i ca l  Survey d a t a ) .  

Year Mean ( c f s )  Year Mean ( c f s )  

5,279 
5,297 
9,231 
6,884 
9,944 
11,420 
li, 300 
10,840 
9,151 
9,700 
6,250 
5,909 
8,975 
8,092 
9,982 
9,138 
6,566 

,9,923 
11,990 



Table 7 ,  Apprarinate acres o f  wetlands by CWntY i n  the vicinity o f  Rl bemarie 
b u d  t from Hi 1 son 1962) . 

-P------- 

Irregularly 
Hooded f1 ooded 

Casrnty swamps Pocosi ns marshes 
--"---Mw-.",-".---.--- 
Wkartic 
C a r d  en 
Chowan 
brri t u ck  
tbrx se 
Pasquotank 
Perqqui mans 
Tyrrell 
Hashi nq t a n  



1 ong-tern s t r a t i f i c a t i on  does not normally 
occur i n A1 bema rl  e Sound. 

1 0  Xi :;a 40 50 MILES 
+-4----i--r"-7-I+ 
0 10 20 30 40 M KILOMETERS 

Mean monthly temperatures in the 
Albemarle Sound Estuary range between 5°C 
(41°F) during January to about 28°C (82°F) 
during July and August (Bowden and Hobbie 
1977; Figure 21).  The extremes in the 
estuary a re  as  low a s  0°C (32°F)  and a s  
high a s  30°C (86OF) (Bowden and Hobbie 
1977). Temperature i s  probably not a 
l imiting factor  for most organisms using 
A1 bemarl e Sound Estuary. 

D i  ssol ved oxygen in A1 bemarl e Sound 
apparently i s adequate throughout most of 

F igu re  18. Depth prof i le  ( i n  f ee t )  Of the year. Concentrations range from about 
Albemarle Sound (from Giese e t  a ] .  1979). mi of 0, to about 9 mi of 0: during a l  1 

seasons of the year (Bowden and Hobbie 
1977). Short-term di ssol ved  oxygen depl e- 
t i  on occasional ly causes f i  sh ki 11 s ,  
especia l ly  in the Chowan River. 

Since s t r a t i f i c a t i on  i s  normally not 
an important factor in Albemarle Sound, 

16' there i s  usually re la t ive ly  l i t t l e  d i f -  
ference between surface and bottom di s- 
sol ved oxygen concentrati ons. Because of 
high benthic metaboli sm or decomposi t i  on 
ra tes  i n  some local ized areas, however, 
surface d i  ssoS ved oxygen i s occasionally 
si gni f i  cant ly  higher than the bottom di s- 
solved oxygen (Bowden and Hobbie 1977). 

36' LOW d i  SSOI ved oxygen condi t i  ons a re  some- 
times found i n  the Alligator River and 
Chowan River Estuaries (Bowden and Hobbi e 
1977). This i s  probably due to organic 
loading i n  these upper estuarine areas and 
the reduced c i rcula t ion there during the 
summer. Occasi onaf instances of supersa- 
turat ion of oxygen i n  surface waters have 
been observed in A1 bemarl e Sound. 

$5 2.7 CHANGES IN SEA L E V E L  

As pointed out in Section 2 . 2 ,  sea 
level i s  r is ing a t  a ra te  of 1.0 to  
2.5 mm/yr ( 4  t o  10 inches per century),  
Thi s small r i s e  can have a major impact 

70 30 MILES 
upon determining the nature of the AT be- 
rnarle es tuar ine  system. The consequence 
of the r is ing sea level i s  a general 
flooding of the land, f i r s t  up the topo- 

Figure 19. Average surface s a l i n i t y  i n  graphically low r iver  valleys and then 
Albemarle Sound and v ic in i ty  during Decem- l a t e r a l l y  across the uplands.. As the land 
ber (from Giese e t  a ] .  1979). f loods,  the  shore1 i n @  moves inland. 

2 3 



a. 7 April 1971. b. 12 bvember 1970. 

figure 20. Surface sdlinity (ppt) in Albemarle Sound during April 1971 a n d  November 
2970 ffrurn Rowdcn and Hobbie 1977). 

a ,  31 January 1972. b ,  19 July 1971. 

F i c j r ~ r c r  21. Surface ttxii~pcratures ( ' C f  i n  Albemarle Sound during January 1972 a n d  July 
1911 (from Bowdcn and  Hubbic 1977).  

Metcluse o f  tkuc continuinq rise .r'n sea 
l evcl , the t-csul t i  n g  A l  betnarl e Sound i s a 
catnyI@x of  broad, %hi31 low aquatic envi ron- 
went5 t h a t  uxteerrd.; r:lany m i  les into the 
coaqta1 p l a i n .  Because of the low regional 
slope, the relatively slow rate of f lood-  
ing produces major and rapid rates of 
1 atera1 response characteri zed by exten- 
s f  ve shorel ine rccessi on. The enti re 
coastal rsystem, including the estuaries, 
maintains i t s  intcryri ty through time as i t  
milarates upward and landward by a qyct~rn- 

atic  evolutionary succession: the incised 
drainages are drowned as the estuaries and 
barrier bar system ddisplace the f l u v i  a7 
sys tem 1 andward. Thi s evol uti onary suc- 
cession i s  deinonstrated in a series of two 
rriaps (Figures 22a and 22%). The f i r s t  
shows the reconstructed shoreline position 
a t  10,OCEO years R.P.  Assuming transgres- 
sion continues a t  the present rate ,  the 
second map projects the position of the 
A1 bemarle Sound shorel ine 1000 years A.P. 
( s r t e r  presect c r  A.D. 3Q0Qf. 



a. 8,000-10,000 years ago. 

b. 1,oao years i n  the fu ture ,  

Figure 22. Past and  fu ture  sho re l i nes  o f  A l  bernarle Sound.  



CHAPTER 3 

BIOLOGICAL COMPONENTS 

3 . 1  PRIIp!ARY PRODUCERS AND DETRITUS 

Titers have heen nd repor t s  of d i r e c t  
j~hytog~l i f r l k t ~ n  cel l  counts i n  A1 bemarle 
Sourlid, The ttortll Carulina Division of 
l n v i  ronn~ent~al Manageinerlt i s  cur ren t ly  ml- 
barked riynn (f water qua l i t y  survey of: t he  
Sourid t t rat  i ~ ~ c l u d e r  gllytopl ankton c e l l  
counts (K, t ,  i!ulinan, Natural Resources and 
Cartvnjni ey Deve l~p~ i i c r r t ,  D i  v i s  i on  of Envi- 
~tn~oi~enta? P.lat~~igt?~nent., Criento~r, North Caro- 
l Ind; pears. curaitr,) , Sincc, A1 belnarle Sound 
1 5  tyl3ically freoir d o  oliyo).raline, i t  i s  
t-eastrnab?e &cr dssurrte that the phytapl ank- 
torn lsttpiil a t i a r ~  14 doir~lnated by d inof l age1 - 
l f i t ' ~ : ~ ,  tlltte-greerr a t  ae, and diatocns a .  January 1971. 
(Cupe ldnd  rt d l .  1~14ar .  Indeed. iumi,ler 
bl we-!jrac*n a lga  1 blisiamr i n  the Chawan 
Rmver hdve  d t f r d c t & I  i!iiluch d t t@nt ; i o r~  d u r i n g  
the r fd~ t ,  10 yea~~",IStanley and Wobttie 
1411; W f  thersi~tlcat~ c t  61, 1919), 

Zy?fc&l l y ,  tire d i s t r l nu  t ion  of phy- 
topldt.rk%lan In  43 beinat-le Sound i s  patchy 
ifnd v a v i e b l e  jifn@tfazferi and Hohbie 1977). 
The ~hlnr r rpky l l  2 canrentradiuns reported 
by flowd~rr ,mnd i fobil ie (1977) are here uscd 
t o  charctctcr aze pttylopldnkton sc?asana? i ty 
tinst ~ f f ' , f  t* ie)~tidt" l  f n A1 befilarle Sound ,  Thei r 
reporttkd vd Zuecl are corrected For pt~aea- 
pltytirr,  ~ r r r r l  ttauc repressxrrt a sirrtple esdi -  
i;ratt2 OF R ~ Q  v i a b l e  yhytop'lank tonic: bia- 
ad%-,. The  nvnkers shailld Re considered 
~ " e l d t i v t j  bbettcfil'p i t  i s  w I 1  known t h a t  t h e  b. A p r i l  1972. 

chlorophyl( iulr algal  c e l l  wil l  Figure 23. Chlorophyl a ) in Al be- 
chdfiile w i t ,?  clian?eq i n  n u t r i e n t  o r  1 i y h t  inarie Sound d u r i n g  January 1971 a n d  cond i P r ons . 2972 jfrorn Bawden ana Habbie 1977). 

Chiuruyhyl1 s concentrat ions weye 
loncle,t i n  the wSnTer and highest i n  the 
s y r i r t g  artti ~ u a m l u r  (Figures 23a and 2 3 ~ ) .  pear i n  t h e  tributary-dominated sec t i ons  
The h i y h e q t  COncetttrdti~ns tended to ap- o f  ",he estuary, a l though  t he re  were some 
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h igh  concentrat ions i n  the  lower es tuar ine  Eurasian watenni l  f o i l  (Myr iophyl l  um 
sec ti on. spicatum) i s  present i n  Albemarle Sound, 

bu t  has not  reached the  nuisance qrowth 

Bl o m  condi ti ons have occurred i n  
A1 bemarl e Sound (personal observations) ; 
these may be con t ro l l ed  by the  f lushing 
ra tes  o f  the upper reaches o f  the sound. 
For example, the h igh  f l o w  cond i t ions  
a f t e r  Hurr icane G i  nger i n 1970 apparent ly  
washed many o f  the algae o u t  o f  the sound, 
and a bloom d i d  no t  occur i n  1971 (Bowden 
and Hobbi e 1977). By the f o l  lowing year, 
however, when condi ti ons had s tab i  1 i zed 
and as temperatures rose i n  A p r i l ,  exten- 
s i ve  blooms occurred throughout the sound 
(Bowden and Hobbie 1977). There i s  some 
evidence t h a t  dur ing  times o f  reduced 
stream in f lows ( s i m i l a r  t o  the drought o f  
1981), sal twater  encroachment upstream 
depresses b l  ue-green a1 gae product ion 
(Hans Paerl , I n s t i  t u t e  o f  Marine Science, 
Uni vers i  t y  of North Carol ina, Morehead 
C i  t y ;  pers. comm. ). 

T y p i c a l l y  , submerged grasses p lay  an 
important  r o l e  i n  the primary p r o d u c t i v i t y  
o f  an 01 igohal  i n e  estuary (Cope1 and e t  a1 . 
1974a). General l y ,  submerged p l  ants cover 
on ly  a small percentage o f  the  surface 
area o f  the  estuary, but  con t r i bu te  a much 
l a r g e r  percentage t o  the t o t a l  pr imary 
product i  v i  t y .  

I n  the absence o f  repo r t s  on the sub- 
merged aquat ics i n  A1 bemarle Sound, we can 
make some assumpti ons about t h e i r  r o l e  
there from the studies done by Zenkevi tch  
(1963) on the Bal t i c  Sea, one of the 
wor ld 's  best examples o f  an 01 igohal  i n e  
es tuar ine  system. The submerged p lan ts  
there are  genera l ly  more prevalent  i n  the 
lower reaches o f  the estuary and become 
in f requent  f a r t h e r  up the sound t o  the 
t r i b u t a r i e s ,  poss ib ly  because o f  decreased 
1 i ght a t tenuat ion  upstream. 

A seasonal pa t te rn  i n  the abundance 
and biomass o f  t he  submerged aquat ic  
p lan ts  can be assumed from i n f o n a t i o n  
a v a i l a b l e  about the  nearby Pamlico River  
Estuary (Davis and Brinson 1976). There, 
a summer increase i n  p r o d u c t i v i t y  o f  sub- 
merged p lan ts  resu l ted  i n  the l a r g e s t  
biomass dur ing  e a r l y  f a l l  and the  smal lest  
b i  omass du r i  ng ear l  y  sp r i  ng . 

cond i t ions  t h a t  have been preval e-nt i n  
Cur r i tuck  Sound over t he  past  20 years 
(Davis e t  a l .  1977). There i s  some evi -  
dence, however, t h a t  watenni l  f o i l  i s  
increasing i n  A1 bemarl e Sound, espec ia l l y  
i n  and around the A l l  i g a t o r  River .  

The i n f l u x  o f  d e t r i t u s  and organic 
mat te r  from upstream sources i s  important  
t o  an 01 igohal ine  es tuary  such as Albe- 
marle Sound as a basis f o r  the food web 
(Cope1 and e t  a1 . 1974a). The h ighest  
d e t r i  t a l  concentrat ions t y p i c a l l y  occur a t  
the head o f  the estuary and i n  the mouths 
o f  the many t r i b u t a r i e s  en ter ing  A1 bemarl e 
Sound. 

Concentrat ions o f  suspended matter  i n  
the incoming water from the t r i b u t a r i e s  
can be r e l a t i v e l y  h igh i n  A1 bemarle Sound 
(Heath 1975; Table 8) compared t o  those o f  
es tuar ies  w i t h  l e s s  i n f l ow .  A 1 arge per- 
centage o f  the  t o t a l  res idue s e t t l e s  ou t  
o f  the water once i t  reaches quiescent 
condi t ions.  These ma te r i a l s  s e t t l e  t o  the 
bottom and become p a r t  o f  the bac te r i a l  
recyc l ing  and aninal reworking t h a t  take 
place i n  the  sediments. The suspended 
residue ( i . . ,  ma te r i a l  t h a t  does no t  
s e t t l e  out  o f  the water f o r  long per iods 
o f  t ime) i s  main ly d isso lved organic and 
inorganic mater ia l  s, con t r i bu t i ng  t o  a 
re1 a t i v e l y  high biochemical oxygen demand 
(5-day BOD). 

A 1 arge seasonal v a r i a b i l  i t y  e x i s t s  
i n  the amount o f  organic matter  en ter ing  
the estuary. Representat ive summer and 
f a l l  concentrat ions are g iven i n  Heath 
(1975) (Table 8) .  The highest  concentra- 
t i ons  normally occur dur ing  l a t e  summer 
and f a l l ,  corresponding to  the  d i e - o f f  of 
p lan ts  i n  the  watershed, streams, and 
estuary. 

With the  number o f  streams enter ing  
A1 bemarl e Sound and the  substant ia l  fresh- 
water input, Albemarle Sound receives a 
1 arge 1 oading o f  d e t r i  tus and organic 
carbon each year. It i s  no t  poss ib le  t o  
de1 ineate the  amount o f  mater ia l  s  coming 
i n t o  the system from d i f f e r e n t  sources 
i e nonpnint marshes, releases from 
sediments, p o i n t  sources, and ground- 
water).  Likewise, data do no t  e x i s t  t o  



Table 8. Residue and b iochemica l  Oxygen demand (BOD) o f  water  e n t e r i n g  Albe-  
mar le  Sound du r i ng  1974 i n  mg/l ( f rom Heath 1975) .  

A1 1 i ga t o r  R i ve r  Scuppernong R i ve r  
Const i  t uen t  June August November August Wovember 

To ta l  res idue  

Organic 
Eon-organi c  

Suspended res idue  4 7 14 2 6 49 49 3 

Organic 
Nan-organic 

5-day BOD 3.5 1 . 7  2.3 1.8 1 . 6  

es t imate  the carbon use by sediment r e s p i -  
r a t i o n  and the amount s tored i n  the  sed i -  
iiients d u r i n g  sedimentat ion. 

3.2 IULITRIEM'T DYNAE? ICS 

hn ex tens ive  survey o f  the  n u t r i e n t s  
arid t h e i r  f a t es  was conducted i n  A1 bemarle 
Sound d u r i n g  the  1 9 7 0 ' s  (Bowden and Hobbi e  
1977). This  survey serves as the base f o r  
n u t r i e n t  i nforrnat i  on. r\li t rogen and phos- 
phorus a r e  e l  ernents f r equen t l y  cons idered 
l i i l r i  ti ng t o  phytop lankton p roduc t i  v i  t y  i n  
n a t u r a l  waters, and n i  t rogen i s  g e n e r a l l y  
cons idered t o  he the  most l i m i t i n g  i n  
A t l a n t i c  coas t  e s t u a r i e s  (Kuenzler e t  a1. 
1973). Albemarle Sound i s  suggested t o  
have ariequa te  suppl i e s  o f  bo th  phosphorus 
and n i  t rogen  f o r  abundant phytop lankton 
growth (Bowden and i lobbie 1977). 

Cancentra ti onr o f  phosphorus i n 
A1 bemarle Sound Estuary a re  v a r i a b l e  i n  
bo th  t i ine,  and space (Bowden and Hobbie 
19771,  I n  genera l ,  because most phos- 
phorus caries from upland sources, t h e  
hjqher concen t ra t ions  are i n  t"i upstream 
areas and the lower  concen t ra t ions  a re  i n  
the sound i t s e l  f. The g rea tes t  concerl t ra- 
t i o n s  of phosphorus i n  A1 hemarle Sound 
occur  d u r i n ?  winter.  i n f l u x e s ,  whereas 
1 owes t concen t ra t i  ons occur  d u r i  ng summer 
f F i y r a s  248, 2&, ar?d 251, Pezkc i n  
phosphorus concen t ra t ions  i n  the  nearby 
Paml i c o  anJ h'euse Es tuar ies  occur d u r i  np 

t h e  sumrner. Compared t o  those o f  o t h e r  
e s t u a r i e s  i n  Nor th  Caro l ina ,  t he  phos- 
phorus concen t ra t i ons  i n  A1 bemarl e  Sound 
a r e  r e l a t i v e l y  l o w  ( i  .e., seldom more t han  
5 pg -a t / l ) ,  p robab ly  because o f  the low 
e ros i on  r a t e s  i n  t he  Albernarle Sound 
up1 and watershed. A diagrarn o f  cor lcentra- 
t i o n s  o f  t o t a l  phosphorus i n  41 bemarle 
Sound i n d i c a t e s  t h a t  n u t r i e n t s  pene t ra te  
f a r  i n t o  the  sound frm t h e  t r i b u t a r i e s  
( F i g u r e  25) .  For example, t he  5 vg-at /1  
concen t ra t i on  plume pene t ra ted  60 km 
( 3 7  m i )  i n t o  Albemarle Sound from the  
Roanoke R i  ver .  

There i s  no proven c r i  t e r i o n  f o r  t he  
l e v e l  o f  phosphorus t h a t  i s  unheal thy f o r  
an es tuary .  Ketchum ( 1 9 6 9 ) ,  however, 
suggested t h a t  most h i g h l y  e u t r o p h i c  
e s t u a r i e s  on t he  eas t  coas t  have t o t a l  
phosphorus concen t ra t ions  i n  excess o f  
2.5 u g - a t / l  . A1 though t o t a l  phosphorus i s 
l e s s  abundant i n  Albemarle Sound than i n  
t h e  o the r  N o r t h  Caro l ina  e s t u a r i e s ,  t h i s  
t h r e s h o l d  i s  s t i l l  exceeded on nunierous 
occas ions throughout  the es tuary .  Thus, 
one may conclude t h a t  phosphorus i n  A1 be- 
m a r l e  Sound i s  h i g h  enough t o  c r e a t e  
eu t r oph i c  condi t i o n s  when o the r  f a c t o r s  
a r e  n o t  1 i m i  ti ng . 

I n  genera l ,  t h e  concen t ra t i on  o f  
n i  t rogen  compounds i n  81 benar le  Sound i s 
h i  ~h I n  the w'nter azd ?ow j;i t he  stc;;;r;;er 
(Bowden and i-jobbie 1977) .  S i m i l a r  t o  t h e  
s i  t u a t i  on found i n  the Paml i c o  R i v e r  



a .  September 1971. - 
A S O N D J F M A M J J A  

Figure 25. Annual p a t t e r n  of t o t a l  inor-  
ganic phosphorus (ug-at / l  ) in  A1 bemarle 
Sound dur ing  1971-72 (from Bowden and 
Hobbie 1977). 

n u t r i e n t  input  t o  support  l a rge  alga1 
blooms. The high concent ra t ions  of ni- 
t r a t e  present  i n  A1 bemarle Sound during 
the winter  (F igure  26a) could genera l ly  be 
t raced t o  inputs  from t r i b u t a r i e s  around 
the sound. Normally, the  summer concen- 
t r a  t i  ons of ni t r a t e  were re1 a t i  vel y 1 ow 
(Figure  26b) ,  but in  some years  t h e r e  was 
a s t rong i nc rea se  by October (Bowden and 
Hobbie 1977). The inf low of n i t r a t e  

b. January 1972. penetrated f a r  i n t o  t he  es tuary  during t h e  
winter  and e a r l y  spr ing  (Figure 2 7 ) -  

Figure 24. Total inorganic phosphorus 
( p g - a t / l )  i n  Albemarle Sound during Sep- This pa t te rn  i s  s u b s t a n t i a l l y  s i m i l a r  
tember 1971 and January 1972 (from Bowden t o  t h a t  of the lower Chowan River a t  i t s  
and Hobbie 1977).  juncture with A1 bemarl e Sound (Stanley and 

Hobbi e 1977). A d i s t i n c t  ni t r a t e  maximum 
e x i s t s  t h e r e  during t h e  winter  and a min- 

Estuary t o  t he  sou th ,  most n i t rogen  inputs  imum during the summer, a s  a r e s u l t  o f  
occur i n  the  winter  whi 1 e most ni trogen high winter  runoff and high summer a1 gal  
a s s imi l a t i on  by phytoplankton occurs i n  n'i t r a t e  uptake. The pa t te rn  i s  a l s o  sim- 
the sulnmer (Kuenzler e t  a1 . 1979). i l a r  t o  s i t u a t i o n s  observed i n  t he  Pamlico 

Ri ver  Estuary (Hobbi e 1974; Kuenzl e r  
Ni trogen i s  p resen t  in t he  water i n  e t  a1 . 1979) and t he  Neuse River Estuary 

several  forms. The most abundant inor-  (Hobbie and Smith 1975). 
ganic form i s  n i t r a t e ,  but t h e r e  a r e  s ig-  
ni f i  c a n t  concent ra t ions  of ammoni a and Ammonia i s  a l so  important t o  a lga l  
ni t r i  t e .  Organic ni trogen exi  s t s  i n  both product iv i ty ;  i ts  uptake i s  probably t h r e e  
dissolved and p a r t i c u l a t e  forms. Ni- times the  n i t r a t e  uptake i n  dense a lga l  
t r a  t e  concen t r a  t i  ons range between a t r a c e  popul a t j  ons (E.  J .  Kuenzl e r ,  Uni vers i  t y  of 
and 80 ug-at NO3-N/1 e ,  about 5 mg North Carolina, Chapel Ht11; pers.  comm.). 
N03/1 ). A1 though a normal high concen- Ammonia concent ra t ions  in  A1 bemarl e Sound 
t r a t i ~ r .  i s  abou t  ha1 f the  l a t t e r  value,  have been found t o  be var iab le  both spa- 
the peak va1 ues of ni t r a t e  ni trogen i ndi - t i  a1 1 y and temporally. Again, i n  general , 
c a t e  t h a t  Alhemarle Sound has enough the h ighes t  concent ra t ions  a r e  found 
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a. February 1971. 

Figure 27. Annual pa t te rns  o f  n i t r a t e  
n i t rogen  (ug -a t / l  ) i n  A1 bemarle Sound 
dur ing  1970-71 (from Bowden and Hobbie 
1977). 

(Stanley and Hobbie 1977). Seasonal and 
spa t i a l  concentrat ion pat te rns  were sim- 
i l a r  t o  the Neuse River  Estuary (Hobbie 
and Smith 1975) and the Pamlico R ive r  
Estuary (Hobbi e 1974). 

D i  ssol ved organic n i  trogen [nay re-  
present a l a r g e  p o r t i o n  o f  the t o t a l  
n i  trogen pool i n  na tura l  systems (Tusneem 
and Pa t r i ck  1971; Harr ison and Hobbie 

b. September 1971. 1974; Kuenzler e t  a1 . 1979) and may be 

Figure 26. N i t r a t e  n i t rogen  (pg-a t / l )  i n  
Albemarle Sound dur ing  February and Sep- 

dl. 
the summ 
SC 
and e a r l  

d - 

some temporary periods o f  h igh  rhno f f .  I n  
general , armnonia n i t rogen  i s  more abundant 
i n  the mouths of the t r i b u t a r i e s  than i t  
i s  i n  the sound i t s e l f ,  which i s  evfdence 
t h a t  the t r i b u t a r i e s  are  a source of am- 
moni a. 

I n  general , ammsni a n i  t royen i s  1 ess 70 

abundant than n i t r a t e  n i t rogen,  a1 though A S O N D J F M A M J J A  

the peak concentrat ions range as h igh  as 
50 ~ g - a t  3H,-N/I ( L e . ,  about 1 mg N H I + / ~  1. Figure 28. Annual p a t t e r n  o f  ammonia 
As w i  t h  n i  t r a t e ,  ammonia concentrat ions n i  troger, ( . ;pat / I  ) i n  A1 bemarle Sound 
were s i m i l a r  i n  the  upper reaches Of  dur ing  1970-71 ( f rom Bowden and Hobbie 
A1 bemarle Sound and i n  the Chowan 2 i ve r  1977)- 



about 90% of the total  ni trogen present i n 
estuari  ne waters (Stan1 ey and Hobbi e 
1977). There i s  no reason to believe tha t  
A1 hemarle Sound does not fo1 low th i s  same 
pattern . 

3.3 MICROBIAL COMPONENT 

A r~la jor  microbial o g i  ca1 probl en1 com- 
iilonly referred to  as the red sore disease 
a f f e c t s  the f isher ies  of Albeaarle Sound 
(Esch and Hazen 1980). The implicated 
~riicrobe for  red sore disease i s  Aero~nonas 
y d r o p h l  a,  a gram negative bacterium 
found in fresh to brackish water (Ha~en 
1979). The presence of A. hydrophila 
seeins to be associated with high concen- 
t ra t ions  of decaying organic residue (Esch 
and Hazen 1980). The occurrence of red 
sore disease in Albernarle Sound may be 
associated with the input of h i g h  concen- 
t ra t ions  of organic materials from some of 
the t r ibu ta r ies  (see Section 3.1). The 
threshold level a t  which A. hydrophila 
becomes a prob1e:n i s  thouFht to be 40 
colony-forming uni t s  (c fu)  per mi1 1 i l  i t e r  
(isch and Hazen 1980). This concentration 
i s  exceeded during the winter and spring 
(Figure 29) a t  several locations in  Albe- 
niarle Sound. 

Another microbial problem in the 
sound i s  col i for~n bdcteria. The North 
Carol ina Department of Human Resources 
conducts a shel 1 f i sh  sani ta t ion program a t  
l e a s t  every 2 years to evaluate the water 
qua1 i t y  as i t  r e la tes  to the growth of 
she1 l f i sh .  If the monitoring s ta t ions  
have a median reading of 70 or more tota l  
col iforrn bacteria,  or i f  10% of the inoni- 
torirlg s ta t ions  measure 330 or inore co1 i -  
forms per 100 m l ,  the area i s  closed to 
co~nriiercial shel 1 fishing by the tdorth Caro- 
l ina She1 1 f i sh  Sanitation Division. Of 
the 243,000 ha (600,000 acres) of water in 
A1 bemarle Sound, about 49,000 ha (131,000 
acres)  were closed t o  shellf ishing i n  
1981. About 36,000 ha (39,000 acres) of 
the 49,000 ha of closed water had l i t t l e  
cornmerci a1 value because only freshwater 
clains were found in these waters. Yost of 
t'le closed acreage was near the mouths of 
the t r ibu ta r ies  and the upper portioii of 
A7 bernarl e Sound. 

Much of A1 bemarle Sound i s  c lass i f ied 
as e i t he r  a o r  SR by the North Carolina 

Figure 29. Number of s ta t ions  (of 20) 
where the density of Aeromonas hydrophi la 
exceeded the 40 cfu/ml threshold levgi 
(from Esch and Hazen 1980). 

Division of Envi ronrriental Management. 
These c lass i f icat ions  mean tha t  the Sac- 
t e r i a l  content of the water makes i t  
unsuitable for human consumption (8) or 
for comrnerciaf shel 1 f i  shi ng (SR). These 
conditions have existed for more than a 
decade and are thought to be due to sept ic  
wastes. 

3.4 SECONDARY PRODUCERS 

A1 though zooplankton are an important 
trophic l ink in the estuarine food web, no 
studies have been conducted i n  A1 Semarle 
Sound that  include investigations of the 
zooplankton popula tion and i t s  d i  s t r i  bu- 
t ion.  A few studies,  however, have been 
conducted in es tuar ies  similar to  Albe- 
marle Sound (Zenkevich 1963; Painter 
1966a; Stone e t  a l .  1980). Total sao- 
pl an kton ahundance in the 01 i gohal i ne 
stretches of the Sacramento-San Joaqui n 
Estuary, California, was sriia7l when cm- 
pared to  more saline downstream reaches 
(Painter 196Ga). The main concenlrati on 
of zooplankton generally occurred in sa- 
1 ini t i e s  greater t h a n  5 p p t ,  The zooplank- 
ton was dominated by several species of 
copepod s ,  i ncl udi ng Cyclops , M aptorous, 
and E u r  tgnoem. Li  kewi se,  r~acrozoopl ank- 
"con r" those caught i n  a 374-;m net)  popu-  
I a t i  ons i n Lake Ponchartrai n, toui siana, 
were dominated by the copepod Acartia 
tonsa and copepd r r a u p l i i  (Stone e t  a 3 .  

Cladocerans and crab zoea were 



o the r  flnportant coirlponerlts of the  too- Table 9. Species  d i s t r i b u t i o n  by s t a t i o n  
p l  a n k 3 n  aarsernbl age. February ~ o p u l a t i  on of benthos in  Croatan Sound (from Wright 
peaks o f  A. --- tonsa (about  1700/n?) k~ers two 1972). 
o rders  O F  blagni tude ~ % a l l  e r  than those 
t yp i ca l l y  found i n  :nesohaline areas. ( r e -  - 
viewed irl Be1 l i  s 1974). F%crozouo7anktorl Species  '% of S t a t i o n  
dbundance peaked In February and was --- 
1 owes t i n  Eloveinber. flicrozoopl anktun 
( t ho re  c a u y h a i n  a 79-i~t? ne t )  i n  Polychaeta 
PontchartraF n #iere dornina teci by copepod C a ~ i  t e l l  a capi t e l l  a- - --- 63.0 
naupl i f , a d d l  t copepods, and r o  t i  f e r s  . Glycera d i  b r a n c h i s  2 . 1  
The smaller  zooplanktp~n were d inore d i -  Nerei s succi nea -- ---- 52.5  
verse qrouy taxonomically than the nacro- Scolecolepides v i r i d i  s -- -- ?. 1 
zoopf anktorr and contained many freshwater 
speci er . I sopoda 

Chi rodotea ni qrescene- -- 0.4 
Using there  s tut l ies  a s  a rough guide, & thura pol i t a  --- 27.3 

we dSSU:fir? zoopl anktan popul a t i  uns would 
tend to be lower in AI bernarle Sound t+an &riphi pods 
i n  the l a q c  i;~e?sohal.in~ estuariecl to  t h e  Unknown atnphi pod 16.8 
r ~ a r t h  and south of i t  i n  Virginid and Carophi urn rp .  12 .6  
Nort i t  Carulina. We a l s o  arf;ume a c,?ecies Garnmarus sp. 8.4 
co'.r!,x,li i t i  on tfotriina tecl by f fres h- t o  
brilcki st,-wa t e r  copepod5, ~i t+ nucrrerjcal neca pOdd 
abunddncr; anti X9ioradss pedking i n  the Pi nnotheres os treum --- 8.4 
r;pring i n  respor1511 t o  increased piiy tn-  
glanktot? and cfetr. i tal  fend (Sect ion 5 . 3 ) .  tZollusca 

Brachi odontes recurvus 10.5 
No t f e t ~ i l e d  studit.<> have heen made of Crassostrea y i  rg in ica  -.- 10.5  

tho i ~ e n t i l i c  inyiildtions i n  A1 berinarle flac o r n a b a l h ~  ca 
- 

50.4 
Sound. u r i g n t  ( 1 9 1 2 )  qurveyed Llie benthic R%?j%i + E i ? z  12.6 
popul tn t ionb  irr Crnatati Sound, t he  ?lain 
connection hetween A1 bernarf e Sound and p j  atyhelminthes 
Pdtitl i c o  Sound (Table 9) .  The iaienthic Unknown turbel 1 a r i a n  8.4 
f auna  i s  apparerltly do~r~inated ky two poly- 
chaede &antes (Gk%qt&lLc c d  i t e l l a  dnd 
Nerei; succinea) and two , i ~ m R ~ - - o r i n -  --"*- 

--*- -..-- 
cipally R t n d g  cunea t a  and Wacoaa ba f -  cttowder (Chestnut and Davis 1975). In 

--T- - 
ttl i cd ,  " f i ~ s e  same hentl~ic: frrganlsfns, with recent  yea r s ,  however, these  cl ams have 
the except io t~  r9F a i ; t _ l ' t a  dolr~inate o the r  Seen shown to  be heavi ly contaminated wi th  
01 "loha1 iule e . ; t u d r i e s ~ C o p e l  ant3 e t  a]. a bac t e r i a l  mixture t h a t  does oot  appear 
1974d) .  t o  be pathogenic (Comar 1981). 

I n  ijeileral, the benthos uf tktese The d i v e r s i t y  of nekton populat ions 
est t rar iea $ 5  chardcter.i:ed by large popu- i n  Albernarle round i s  r e l a t i v e l y  low com- 
l a t i ona ;  o f  r e l a t ive ly  few sptt.c-ies and hy pared t o  the e s t u a r i e s  f a r t h e r  souti-\ 
overa l l  loib~ bio??!ds~,  perhaps dS a result  (Mester and Capeland 1975; Hassler  e t  a l .  
f r igorous P1u~:tuaLing ctlvironirientn1 1931). Of t he  29 spec ies  col Iected in  
cor'lditiuns. Tihis pat te rn  i r ;  ass;u*rrcd t o  8lbemar-le Sound from 1972 through 1973 
hold for the round, (Table 10) ,  t he  bay anchovy, 4 t l a n t i c  

crodker,  i i h i  t e  perch, blueback he r r i ng  , 
Throughr~ut a : arge port  ion OF A1 be- hogcilaker, white c a t f i s h ,  blue c rab ,  and  

marle Sound, there? are derlae papr~tiltiorts spa t  account& for 94-f t he  trawl ca tch  
of the f~est l \ l ra ter  d l  Cilnftdta and 135% of the  biomass ( K e s t e r  and 
(Nortit Carol ina S h t ? l l f l s h  ~ a n i t a f i o F T i T  Copeland 1975). k s s l e r  e t  81. (1981) 
q.ii,rr, R a l ~ ~ ~ h ;  peps, c~w.) ?+e.~e $2; - s A r + m a  I w u l I u  ~ t - +  ~tra L y~~r iy -o f - t he - . yea r  s t r i ped  bass  
mals have been hasvested fro% time t o  time Were a l s o  proitainen"r,n western 41 beinarle 
and marketed fa r  the  production of clarn Sound, 
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Table 10. Species trawled in Albemarle Sound, 1972-73 (from Hester and Copeland 1975). 

% of % of 
Common total Biomass t o t a l a  
name Number number (g) biomass 

Scientific 
name 

Bay anchovy 
Atlantic croaker 
White perch 
Bl ueback herri ng 
Hogchoker 
Whi te catfi  sh 
Blue crab 
Spot 
American eel 
Atlantic menhaden 
A1 ewi fe 
Southern flounder 
Gizzard shad 
Channel catfish 
Tessell ated darter 
Srown bull head 
Ye1 low perch 
Pump ki n seed 
A t 1  antic thread 

herri nq 

Anchoa mi tchi 11 i 
Mi cropogonias undula 
- 

Morone ameri cana - 
A1 osa aesti val i s 
Tri nectes macul atus 
Ictalurus ca tus 
Call inectes sapidus 
Leios tomus xanthurus 
Angui 11 a rostrata 
Brevoorti a tyrannus 
A1 osa pseudoharengus 
Para1 ichthys lethosti gma - 
Dorosoma cepedi anum 
Ictalurus puncta tus 
Etheostoma olmstedi 
Ictalurus nebulosus 
Perca f lavescens 
Lepomi s gi bbosus 
Opi s thonema ogl i num 

Penaeus aztecus 
Ri thropanopeus harri 
Cynosci on regal i s 
Pal aemonetes pugi o 
Bai rdi el 1 a chrysura 

Brown shrimp 
Mud crab 
Weakfish 
Grass shr im~ 
Silver perch 
Eowf i n 
Bl ackcheek 

tonquefi sh 

ssi - 

Amia cal va -- 
Symphurus plagiusa 

Notropis sp. ~reshwater minnow 1 - -- - - 
Para1 ichthys dentatus Summer flounder 1 - - - - -- 
Lepi sos teus osseus Longnose gar 1 - - - - -- 

a Based on total biomass of all  species. 

Large seasonal fluctuations are evi - 
The nekton catch in A1 bemarle Sound dent for the A1 bemarle Sound nekton 

varied considerably from 1955 to 1980 (Figure 30). The highest peak in the 
(Table 11). Catch per unit effort  data in numbers of nekton in the catch i s  during 
A1 bemarle Sound indicate that orders of the spring months of April through June 
magni tude di fferences in population densi - and a secondary peak occurs in l a t e  
ties occur from one year to another summer/early f a l l .  The biomass peaks 
(Hassler e t  a l .  1981). Populations of bay d u r i n g  the winter and again during the 
anchovies, blueback herring, croaker, and mid-summer season (see Section 3.5). 
spot fluctuate more froin year to year than B f  onass i s  greater f n the western sound, 
populations of hogchoker, s t r i  ped bass, (Figure 31) ref1 ecting the preponderance 
and blue crab. of anadromous and indigenous fish there. 
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Table 11. Mean catch per trawl i n  western A1 bemarle Sound, 1955-80 (from Hassler  
e t  a l .  1981). 

Species 1955 1956 1957 1958 1959 1960 1961 1962 1963 - -- - - --- - 
Bl ueback her r i  ng 0.2 
Bay anchovy 41.5 
White perch 1.8 
S t r i  ped bass 3.3 
At lan t ic  croaker  5.1 
Spot 2.3 
Hogchoker 0.7 
Blue crab - - 

Speci e s  1964 1965 -- P 

F31 ueback her r i  ng 6.8 23.5 
Bay anchovy 6.3 1.2 
White perch 27.8 22.7 
Str iped bass 3.1 10.1 
At1 a n t i c  c roaker  6.8 1.2 
~ p o  e 34.9 4.5 
Hogchoker 2.2 2.2 
Blue crab 1.8 0.9 

Blueback her r ing  10.8 37.9 7.1 
Bdy anchovy 5.0 2 .7  3.8 
White perch 50.5 32.5 53.2 
St.ri pd bass 2.5 2.0 5.5 
At lan t ic  croaker  19.4 3.6 5.9 
Spot 9.1 0.5 6.2 
Huyc hoker 5 .1  6.0 1.3 
Rfue crab 4,3 2 .1  1.3 

Three nekton popu'l a ti ons cha rac t e r i  ze 
the sound, accounting f o r  the qua1 i tatr 've 
d i f f e r ences  i l  l u s t r a t e d  by the catch data 
(Hester  and Copeland 1975). The indig- 
enous f i s h  fauna occupying the  extreme 
western sound are8  i s  daminated by whi te  
perch,  c a t f i s h ,  and gizzard shad and makes 
up t h e  t a r p  winter petlk i n  kfmass.  A 
migratory pcapufation i n h a b i t s  t h e  ea s t e rn  
portl'on of the sound on a seasonal bas i s ,  

This population i s  dominated by spo t ,  
At lan t ic  croaker ,  anchovies, and blue 
crabs and makes up most of the  spring and 
sumner population. The th-i rd group i s the 
anadrmsus  popul a i j  on, composed primari l y  
of blueback herring and s t r i ped  bass, 
which fiiigrate i n t o  the freshwater  streams 
tt; SFiaWii - i r t  edrly spr lng .  The juveni les  
inove down i n t o  the e s tua ry  i n  e a r l y  
s urnme r . 



0 
J J A S O R I D J  F M A M J  

Figure 30. Catch and biomass of nekton in 
A1 bemarle Sound, 1972-73 (from Hester and 
Copeland 1975). 

6000 i - 1Jes tern sound --- Eae t e r n  sound 

Table 12. Migratory waterfowl species 
present i n  Albemarle Sound, ranked in ap- 
proximate order of abundance (based on 
USFWS unpubl i shed data ,  Midwinter Water- 
fowl Surveys, 1978-1982). 

Common name Scient i f ic  name 

Canada goose Branta canadensi s 
Snow goose Chen caerul escens 
Whi s t1  i ng swan Cygnus col umbi anus 
Ringed-neck duck Aythya col l a r i  s 
American coot Ful i ca ameri cana 
Ma1 1 ard Anas pl  atyrhychos 
Black duck Ana s ru bri pes 
Scau p Aythya a f f i n i s ,  

Ameri can wigeon 
Green winged teal 
Gadwall 
Red head 
Ruddy duck 
Buff1 ehead 
Canvasback 
Northern pi ntai 1 
Plergan ser 

A. marila - -  
Ana s ameri cana 
Anas crecca -- 
Anas s trepera 
Aythya americana 
Oxyura jamai censi s 
~ucepha7 a a1 be01 a 
Aythya vali s iner ia  
Anas acuta -- 
Mergus spp., 
Lophodytes cucul l a tus  

Figure 31. Mekton biomass per trawl in 
A 1  bemarle Sound, 1972-73 (from Hester and 
Copeland 1975). 

Waterfowl are  an important though 
l i t t l e  studied part of the Albemarle Sound 
ecosystem. The Albemarle Sound estuary i s  
used by a t  l e a s t  17 species of overwinter- 
i ng waterfowl (Tab1 e 12) .  Average popul a- 
tions presented i n  Table 12 are based on 
yearly midwinter waterfowl surveys and 
represent re1 a t i  ve abundances a t  a s i  ng1 e 
poi n t in the overwi n t e r i  ng season. Wood 
ducks (Aix sponsa) are a1 so found in  the 
e s t u a r y 3 u t  are concentrated in the river 
floodplains. Waterfowl use i s  largely  
res t r i c ted  to the r iver  t r ibu ta r ies  rather 
than the open sound (Don Harke, USFWS, 
Wild1 i f e  Assistance, Raleigh, North 
Carolina; pers. comm.). An average 3.6% 
(range 5,700-30,800 bi rds) of the over- 
w f  n teri ng migratory i.l.aterfo~~1 s :: Czr01i.a 
was surveyed in the estuary during the 
1978-82 midwi nter censuses. In contras t ,  

waterfowl popul a t i  ons averaged over f ive  
times greater  (range 64,700-131,300 birds) 
in nearby Curri tuck Sound. This small 
estuary supported an average 20.5% of the  
State midwinter count of birds during the 
5-year peri od. 

3.5 LIFE HISTORY STRATEGIES 

The nekton of A1 bemarle Sound in- 
cl udes anadromous, catadrotnous, migratory, 
and i nSfi genous species,  each group havi ng 
a d i s t inc t ive  l i f e  history s t ra tegy,  
Domi nati ng the anadromous f i sh  population 
of Albemarle Sound are the blueback 
herri ng (A1 osa aes t i  val i s) , the a1 ewi f e  

and the striped bass 
O f  lesser  importance 

are the Pmerican shad (A. sa idissima),  
the hickory shad (A. m e d ~ o c k h h e  
At1 ant ic  sturgeon (Aci penser oxyrhynchus) . 
The ,4t!antic cturoeon, once fished corn- 
mercially, i s  now ra"rely taken in  the 
Albemarle Sound area. Anadromous f i sh  



spend a large portion of their l i f e  a t  sea 
and ascend into coastal rivers to spawn 
{Talbot and Sykes 1958; Walburg and 
Nichols 1967). Spawning normally occurs 
af ter  a spring (April-May) run upstream 
from the ocean by the ripe adults, and the 
young remain in the stream unti 1 late  
spring or early summer when they move 
downstream into the estuary (Trent and 
Hassler 1968). The juveniles remain in 
the estuary until fall  when they move o u t  
into the ocean where they may migrate 
south during the winter. Here they remain 
until they reach maturity (Figure 3 2 ) .  

A moderate river flow rate i s re- 
qui red for the spawning success of many of 
the anadromous species, especi a1 ly s t r i  ped 
bass (Hassler e t  a l .  1981). High river 
discharge i s  detrimental when the eggs and 
larvae are carried into river swanips where 
their survival i s  low. If the river f l o w  
rate i s  too high af ter  hatching, the 
1 arvae may a1 so be carried downstream, out 
of the river system beyond the general 
nursery area. Low river flow i s  detri- 
mental because the eggs need to be rnovi ng 
to conlplete their hatching cycle. 

The l i f e  cycle of the striped bass i s  
perhaps the best studied of any fish in 
the sound, Sexually mature striped bass 
begin to migrate upstream from the sound 
in la te  March and continue through early 
May (Trent and Hassler 1968). Males 
migrate to the spawning area f i r s t ,  and 
feina'les follow around the end of April, 
They spawn when water terriperature i s  
around 18'C (64°F). Each female may re- 
lease front 14,000 (3-1 b fi  sh) t o  5 million 
(50-lb f ish)  eggs. The eggs hatch in 
iahout 2 days and the young d r i f t  down- 
stream to the calii~er waters of western 
A1 Remarl e Sound. Rfter spawning, the 
adult fish return to the sound. 

The young fish remain I n  the nursery 
area throughout most o f  t h e i r  f i  t-st grow- 
ing season, reaching a length of 75 t o  
150 m (3  to 6 inches), Recent studies in 
the Potomac Estuary (Bsyntori e t  a1 . 1982) 
indicate that the year-class strength of 
striped bass i s  #lost l ikely deterrnlned 
before the end of their f i r s t  growifig 
season. Slow growth of some year classes 
of striped aass durang their f i r s t  year of 
l i f e  in Af  bemarl e Sound may be compensated 
for by -increased growth during their sec- 

ond and third growing seasons (Nicholson 
1964). 

Although certain segments of the 
Atlantic coast stocks leave their native 
areas and make coastal migrations, the 
Albemarle Sound striped bass generally do 
not make coastal migrations, During 
winter Albemarle Sound striped bass con- 
gregate in deep pools near the river 
mouths and in the sound. 

Catadromous species spend most of 
their l i f e  in the freshwaters of streams. 
Mu1 t s  make their way down the streams, 
through the estuary, and out to the ocean 
for spawning. After hatching, the larvae 
make their way frorn the ocean back to 
freshwater streams. The estuary serves as 
an interim nursery area for the larvae of 
ca tadromous species. 

The American eel (Angui 1 la rostrata)  
i s  the only catadromous fish in Alhemarle 
Sound.  I t  supports a n  important commer- 
cial fishery during the a d u l t  influx into 
the sound from the tributary streams, 

Dominating the catch in the eastern 
part of A1 bemarle Sound are three migra- 
tory species ( Hes ter and Cope1 and 1975 1 : 
Atlanti'c croaker 
tus),  spot - 
blue crab (=I inectes 'sapidus). Of lesser 
iinportance are the grey trout f C  noscion 
regal i s ) ,  menhaden (Rrevaortia f h -  
southern flounder T~ara l ichth  s letho- 
stigma) , and grooved i d u s m .  
Other species occasionally enter as migra- 
tory fish and in the forage fish popula- 
tions of eastern A1 bemarle Sound. In years 
of drought, when sal ini t ies  increase, a 
more rnari ne dssembl age (e .g, , b1 uefi sh and 
ray) w i l l  migrate into the sound. 

The l i  f e  hj  story of the migratory 
species (Figure 32) begins with spawning 
a t  sea (except the grey trout,  which pro- 
bably spawns i n  salty sounds). After 
hatching, the larvae make their  way 
through inlets  ? n  the barrier islands u p  
into the estuary where they selectively 
occupy shal i ow, productive nursery areas. 
This rni gration generally occurs during the 
early spring, and the young remain i~ the 
estuarine nursery zone through inost of the 
summer. The the estuary provides abundant 
foodstuffs for the larvae to develop 



through the juveni 1 e stage. Young-of-the- 
year f ish migrate back to the ocean to  
complete the i r  l i f e  cycle. 

Several species are  indigenous t o  
A'l bemarle Sound and occupy the estuar 
year-round. Their movements (Figure 32 4 
are res t r ic ted to short  distances in and 
out of the tr ibutary streams and back and 

I I 
forth in the sound i t se l  f . 

The most prominent i ndi genous speci es  
MIGRATORY i s  the bay anchovy (Anchoa mi t c h i l l i  ) .  

Another abundant species i s  the grass 
shrimp (Palaemonetes pugi 0 ) .  The i ndig- 
enous species consti tu te  a s ignif icant  
portion of the forage fish for migratory 
and anadromous species tha t  are so impor- 
tant  to the commercial fishery o f  A1 be- 
marl e Sound. 

Figure 32. Diagram of anadromous f i sh  
movement in Albemarle Sound (from Hester 
and Copeland 1975). 

Several indigenous s p c i  es are  com- 
rnerci a1 l y  harvested i n A1 bemarl e Sound 
(Hester and Capeland 1975; Hassler e t  8.1. 
1981), including white ca t f i sh ,  ( Ic ta lu rus  
ca tus ) ,  channel catfi  sh ( ic ta lurus  unctaz 

white perch (Morone americani),nd 
ye11 ow perch (Perca f l a v e s m n d  the 
catches are large in most years (see  Sec- 
tion 5 . 1 ) .  These species primarily use 
the western half of Albemarle Sound and 
move to and from the rnouths of the r ivers  
on a seasonal basis i n  response to  fresh- 
water inflows. 



CHAPTER 4 

ECOLOGICAL lNTERRELATiOQISWIPS 

4.1 TROPW f C  STRUCTURE 

Food chains in bracki sh water estu- 
a r i e s  (01 igohaline systerns) are typically 
abbreviated (Copel and e t  a1 . 1974a). Flost 
o f  the fishes are plankton or zoobenthos 
consumers and as such form the highest 
Lroyhic level of the abbreviated food 
chain. Few specific studies of the tro- 
phic s t ructure  and food chain parti  t i  oni nq 
have k e n  conducted for Albenrarie Sound; 
however, food habits for  yearlinq and 
adul t  striped hass have been studied 
(Trent and Hassler 3966; Manooch 1973). 

Some cl lies concerni n q  the trophi c 
s t ructure  of Albernarle Sound may be de- 
duced f r m  studiell of sirr~i l a r  ol igohal .ine 
es tuar jes  (Darnel 1 1961; lenkevi tch 1963; 
Levirre 1989). Because of the doruinance of 
t r ibutary inputs, the lowest trophic level 
of the ol igohal i n c  syster~~ i s  typically 
i nconli ng orqani c de t r i  tus froni the water- 
shed (Fairbanks 1963)- Detritus forrns a 
large portion of the die t  of the benthos 
dnd the tseiobetrtbioc, and these de t r i -  
t ivores are i n  turo fed upon by f i sh .  
E r t t r d r i  ne fi sh are chard(. teri  zed as omni - 
vorous and olrprir-ttrrgi s t i c  fceders. Food 
categories and tho trophic ?peclrtim for 
i mpor'tat? t rrlernbers o f  tile A1 b ~ m a  rl e Sound 
brackish water .  con?r::unity are i l lus t ra ted 
i n  Figure 33, Mest  food chains a r?  no 
tnore than three tt-ophi c l eve1 s i n leng tti 
( Q a r ~ e l f  1961) .  

lilany fi sh swci  es usi nq  es tuar ies  
17' ke A1 ber:larle Sound shi f t  tlaei r food 
preferences a s  they grow (Darnell 1961; 
Trent dnd Wassler 1966; Levine 198C). The 
A t l a n t i c  ~ r ~ a l r . n r ,  fgr  nyar-p!n, sk i  ftc_ fr::': 
a predominantly zooplankton d i e t  duri na 
the  young nursery ground stages,  to a niore 

diversified d i e t  of benthos a t  the juve- 
ni l e  stage,  and to f i sh  and benthos as  
adul t s  (Figure 34). The sdme kinds of 
s h i f t s  occur with the anadromous f ish  
usi ng A1 bernarl e Sound. The r iver  herring , 
for example, feed pri mari ly  on zooplankton 
durinq their  larval and juvenile rtages i n  
the upper estuary and switch to a f i sh  
d i e t  as they grow older and rnove out to 
the ocean for winter (Hildebrand and 
Schroeder 1972). 

As w i  t h  r iver herring, voung 5tr i  pen 
bass ( l ess  than l O O  IIFII or  4 inches) fronl 
A1 bemarl e Sound consullie few f i sh .  No 
5tudieq of small s t r i  p& bass have been 
conducted in Albemarle Sound, b u t  in the 
01 i gohal i ne porti ons of the Potomac Fs t u -  
ary  striped hass l ess  than 100 rnm ( 4  
incher) eat  mostly insects  and palychaetes 
(9oynton e t  a1 . 1981). A1 bernarl e Sound 
stripad bars probably s h i f t  to a f ish d ie t  
when about 100mm i n  length. Manooch 
(1913)  found that  97,> of the food volume 
in striped bass over 125rnrr1 ( 5  inches) 
consi st& of f i  sh. Clupeids, including 
r iver  herring a n d  gizzard shad, were the 
predominant species eaten. River herring 
were the only species eaten by adult 
s t r i  p& baas duri rig the spri ng herri nq 
rni qrati  ons . 

4 . 2  NtJRSERY AREAS 

Nursery areas i n  es tuar ies  are  typi- 
cal 1 y nearshore shall ow areas f Fi gure 35) 
that  support large populations of post 
larval and juvenile f ishes and crustaceans 
duriny thei r f i  r s t  growing season (Street  
e a ?  5 .  fhs density ~f t t f e  yl j~ ing O F  
many species i s  re la t ively  high i n  the 
nursery ground areas.  Nursery u t i1  i za tion 



Brevoortia tyrannus 
Alosa aestivalis 
Alosa pseudoharengus 
Dorosoma cepedianum 
Trinectes maculatus 
Anguilla rostrata 
Leiostomus xanthurus 
Anchoa mitchifli 
Ictalurus punctatus 
lctalurus catus 
Micropogonias undulatus 
Callinectes sapidus 
Morone saxatilis 
Morone americana 
Cynoscion nebulosus 
Cynoscion regalis 
Paralichth ys lerhostigma 

Figure 33. Trophic spectrum f9r important consumers in A l  bemarl e Sound (mod- 
i f i ed  from Darnel1 1961). 
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hilocro-So! tom - 

Figure 34. Trophic spectrum fo r  the A t -  
l an t i c  
(from Darnell 1 

Micropogonias undutatus i s considered to be one of the more impor- 
tant  functions of es tuar ies ,  which provide 
the basi s for many of the recreational and 
commerci a1 f i  sheri es of t h i  s country 
(McHug h 2966). Spawni ng general l y  occurs 
outside the estuary,  and the young juve- 
n i l es  move in to  the estuarine nursery 
grounds a f t e r  going through a larval stage 
e l  sewhere. In A1 bemarl e Sound, the major- 
i t y  of the nursery users are juveniles of 
anadrmous species. The adults of these 
species have normally gone upstream into  
t r ibu ta r ies  to spawn, and the developing 
juveni 1 es use the bracki sh water portions 
of the estuary as nursery grounds. A few 
migratory species (e .g . ,  blue crab, spot,  
and Atlantic croaker) use the eastern 
portion of A1 bemarle Sound as a nursery 
area (Hester and Copeland 1975; Street  
e t  a1. 1915). The extent o f  tha t  nursery 
area depends upon the s a l i n i t y  of the 
1 ower end o-F A1 bemarl e Sound, which in 
turn depends upon the amount of freshwater 
flowing into the system from the drainage 
basin. 

Y 

The western portion of Albemar7e 
S o u ~ d  f s the primary nursery area for j u -  
venile str iped bass, with the remainder of 
the sound used only occasionally (Street  

J A 



Figure 35. Nearshore nursery area (photo by J .  Foster Scott). 

e t  a l .  1915; Wassler e t  a1 . 1981). The 
most heavily used nursery areas a t  the 
western end of R l  bemarl e Sound are a t  the 
mouths of the Chowan and Roanoke Rivers 
(Figure 36a). Other heavily used nursery 
areas of the  western sound are the north- 
ern and southern shores of the western 
third of the sound. Other important nurs- 
ery areas for striped bass are the A1 l i -  
gator River and, to some extent, the 
Pasquotank River. Occasi ona1 l y ,  the lower 
North River i s  a1 so used as a nursery area 
by the striped itass. 

Nursery areas for the alewife gen- 
erally coincide with those for the hlue- 
back herring in A l  bemarle Sound (Street 
e t  31. 1975; Johnston e t  a l .  1977). 
A1 though the largest nursery areas are in 
the western sound, there are nursery areas 
throughout the shdllow waters and tribu- 
taries of rnost of the sound (Figure 36b) .  
Both species use floodplains of tribu- 
tar jes  during the spring for spawning 
(Pate 1972) .  

Li t t le  work has been done in A1 he- 
marle Sound concerning nursery use by 
migratory f ish,  hiit w do know they use 
the shallow areas o f  the Alligator River 
and the more saline at-eas of the eastern 
sound (Hester and  Copeland 1975).  S p o t ,  
Atlantic croaker, and blue crabs use the 
shallow water of A1 bernarle Sound ins id^ 
the Outer Banks for nursery areas (Street 
e t  a1 . 1975). 

4 .3  SPAT IAL-TEMPORAL RELATIONSHIPS 

Seasons in A1 bemarle Sound are de- 
fined by a combination of tributary in- 
flows and water temperature. The colder 
months are the times of the highest t r i -  
butary inflows. Consequently, during the 
l a t e  winter and early spring when fresh- 
water runoff peaks, the sound receives 
nutrients,  detr i tus,  and other materials 
from upland drainage t h a t  co1 lectively 
drive the system. As the water begins t o  
w a r m  i n  the spring and solar radiation 
i ncreases, the phytoplankton producti vi ty 
increases. This increase in primary pro- 
ductivi ty i s  quickly fo'i lowed by an in- 
crease in zooplankton, which support large 
popul at i  ons of anadromous a n d  indigenous 
fi  shes. 

Adul t anadrornous fi shes usi ng A l  be- 
marle Sound make a spawning run  u p  the 
rivers during early spring (Street e t  a1 . 
1975). Growing juveniles make their way 
down the tributaries and out into the 
western port: on o f  the sound. Therefore, 
juvenile abundance peaks in the sound 
during the summer (Figure 37) .  Basically, 
the tjming of migrations of organisms from 
and into the sound system corresponds to 
the t i  ine of maximum production wi thin the 
sound, 

Qce c k r r a t e r ?  s t i  c a2aptat-i on o f  
organisms t o  the seasonality existing in 
tenperate estuarine systems i s  t h a t  of 



a .  Striped bass. 

b. Blueback herring and alewife. 
Figure 36. Nursery areas of anadroinous 
f i sh  species in Albemarle Sound (from 
S t r ee t  e t  a l .  1975). 

seasonal migrations (Copel and e t  a7 . 
13746) . These adapta t i  ons permi t the 
rapid pro1 i fera t i  on and growth of animal 
populations during the optimal season of 
food production and energy avai labi l i ty .  
Young-of- the-year post1 arvae and juveni 1 es  
experience the i r  most rapid growth ra tes  
in the sound a t  the time of maximum food 
ava i lab i l j ty .  This f a s t  growth of young, 
ra ther  than reproduction, gives r i se  to  

70 
TRAWL 

60 

Figure 37. Cdtch per unit e f fo r t  of a le-  
wife trawl and seine catch in Albemarle 
Sound during 1977-79 (from Johnson e t  a1 . 
1979) .  

the concept of the estuary as  a nursery, 
Egg production and hatching usually take 
place in an area of re la t ive  s t ab i l i t y :  and other f ish species. These hatchery 
f a r  upstream in the case of the striped areas are connected in such a way as to  
bas; and r l v t r  h e r r i ~ r ; ~  21.1 i n  the s t a b i f ?  ;illow the eqqs and larval forms to  d r i f t  
temperatures and s a l ~ m  t i e s  of the near- in to  the highly productive coastal system. 
shore ocean for the blue crab sciaenids T h u s ,  migrating stocks become part of the 



estuar ine  energy cycle; they are in te-  
grated in to  the ecosystem and then re- 
leased to emigrate to yet  another system. 
In thi s way, the estuaries along the coast 
a re  interconnected through the migration 
of energy and biomass. This pattern of 
resource use among functional grouvs of 
f i  shes (anadromous , catadrornous, a n d  m i -  
gra tory) rnaximi zes the eco? ogi cal e f f i  - 
ciency of the sound. 

In surnnary, typical spatial  and tem- 
poral re1 a t i  onshi ps in A1 bernarle Sound 
involve the ocean on one end and the 
freshwater regime on the other.  Anadro- 
1;1ous fishes l ike  river herring and striped 
bass "run" through the sound fran the 
ocean to spawn i n  the freshwater tr ibu- 
t a r i e s ,  usually during the early spring. 
Then, in concert with freshwater inflows, 
developing young take advantage of the 
high productivity in A1 bemarle Sound a n d  
use i t as a nursery. They may then leave 
the sound during the f a l l  to return to the 
uceanic adult population pool. The mi- 
grat ing f i sher ies ,  such as the spot and 
Atlantic croaker, will spawn in the ocean 
during l.he winter and enter the sound 
during the spri n q .  The sound serves as a 
nursery fo r  these species during the l a t e  
spring and surniirer unti l  the juveniles m i -  
g r a t e  back to the ocean. 

4 - 4  CONSEOIJTNCFS OF M A N ' S  IMPACT 

One prar!iinent consequence of hurlian 
et~croachment in the A1 berrlarle Sound Estu- 
a r y  has k e n  the construction of dar~~s on 
rnajor r iver  syr;terns, Darns 1 iini't the di s- 
tance that  anarfro~~~ous fish Carl run up- 
strealir to spawn (Hal burg and Nichols 
2967).  The catch o f  ELilericart shad i n  the 
sound has d ras t i ca l ly  decreased in the 
p a s t  few dccades, priraari 1 y becaure dams 
1 irn- i- t ,  spav~ning runs u p  the Roanoke River. 

The. slxwrring wcress  o f  striped bass 
i s dependent upon adequate rlver flow a t  
t h e  tirile of spawninq. Construction of 
Mcrr Lake, Gnston Lake, and Roanoke Rapids 
Lake h a s  d l  tered the Flow of the Roanoke 
t o  the extent tha t  striped bass spawning 
i s thought to be influenced (Hassler 
et a1 . 1981). To hatch, s t r i  ped bass eggs 
mtast be buoyed in the water by adeqtratc. 
fSow but not washed out of the spawt~ing 
a r e 8  by too ~wch flow. Herring arnd shad 

a1 so require high flows, but the flow must 
be mani fested in slowly moving water over 
the floodplains (Pate 1972). 

The construction of reservoir  dams on 
the t r ibutary streams not only influences 
f i shes '  spawning runs, but i t  a1 so may 
impact the productivity of es tuar ies  such 
as  the sound (Copeland 1966). This impact 
i s  brought about by the smoothing out of 
seasonal variations in flow rates tha t  may 
be necessary for flushing and maintaining 
the balance of materials i n  the receiving 
estuary . 

The quali ty of surface waters i s  
affected by pollution f r m  point sources 
and nonpoint sources (Soil Conservation 
Service 1981). Inputs of materials from 
these sources are great ly  influenced by 
developrr~ent and a c t i v i t i e s  on the land 
(North Carol ina Divi sion of Envi ron~nental 
Management 1982). In the A1 bemarl e basin, 
the arnount of phosphorus in the receiving 
waters i s  estimated to be about three 
t i  mes the normal background 1 eve1 s ,  and 
nitrogen i s  estimated to be about twice 
the background level s (North Carolina 
D i  vi s i  on of Envi ronmental Management 1982) 
(see Section 3 . 2 ) .  The consequences of 
these excess nutrient loads are changes in  
the phytopl anklon composi t i  on in A1 bemarl e 
Sound and devel opment of b1 uegreen a1 gal 
blooms (Stanley and Hobbie 1977; Bowden 
and Hobbie 1977). 

The Chowan River, a major t r ibutary 
of A l  bemarl e Sound, has experienced severe 
probl ems a t t r i  buted to decl in i  ng  water 
quali ty as  a resu l t  of excessive nutr ient  
inputs during the past decade (North 
Carol i na Di vi s i  on of Environmental Manage- 
ment 1979, 1982a; Sauer and Kuenzl e r  1981; 
Paerl 1982). Nui sance bl ue-green a1 gal 
blooins have k e n  the most noticeable mani- 
festatTon of the Chowan's water quali ty 
problem (Witherspoon e t  a l .  1979; Paerl 
1982). The Chowan si tua t i  on i s inen t i  oned 
here as a case example of estuarine re- 
sponse to the consequences of man's ac- 
tions on the watershed. 

A nutr ient  budget has been developed 
for the Chowan basin (Table 13) and non- 
point sources have been ident i f ied as 
m a j o r  sources c f  nztrinnts t h a t  Szpact the 
estuarine ecosystem. The 1oadi ngs of 
ni trogen and phosphorus, which have been 



Table 13. Area yie ld  estimates of annual nutr ient  inputs t o  the Chowan River 
Watershed (North Carol ina Division of Environmental Management 1982). 

Nitrogen Phosphorus 
Area l oadi ng 1 oadi n$ 

Source ( km2) (kg x 10s/yr) (kg x 10 /y r )  

Nonpoint 

Precipi t a t i  ona 
Agriculture 
 ores t sb  
Urban 

Point 

Union Camp 
C .  F. Industries 
Other industrial  
Municipal 

Total 

a bEstimated inputs to Lower Chowan River (Holiday Island to  Edenhouse). 
Includes wet1 ands. 

linked to the development of nuisance 
bl ue-green a1 gal bl ooms (Sauer and 
Kuenzler 1981; Paerl 1982), vary as a 
function of flow (North Carolina Divi sion 
of Environmental Management 1982). Blue- 
green a1 gal blooms were 1 argest  duri ng the 
years 1972 and 1978, which had high spring 
t r ibutary di scharges and re1 a t i  vely 1 on 
water residency time during the summer. 1 
more subtle aspect of Chowan River eutro- 
phication i s  the trend of increasingly 
higher summer chl orophyll values duri ng 
the past decade (North Carolina Division 
of Envi ronmental Management 1982). 

Other indications of declining water 
quali ty in the Chowan River include f i sh  
k i  11 s (Johnson 1982), decl i ni ng commerciai 
f i she r i e s  (S t ree t  19C2), and decreases i n  
recreational a c t i v i t i e s  (North CaroTina 
Di vi sion of Envi ronmental Management 
1982). 

There i s  some evidence that  over- 
fishing has decreased some of the anadro- 
mous fish stocks 1. n A? bemarle Sound 

(S t ree t  e t  a l .  1975). Prior to  1970, the  
to ta l  r iver herring catch in  Albemarle 
Sound exceeded 7 million kglyr (15 million 
1 bJyr) ,  but decreased to about 3 million 
kg/yr (6 million 1 blyr)  by 1975 (Figure 
46). Virtually the enti r e  harvest of 
r iver  herring inshore i s  composed of sex- 
ually mature f i sh  while most of those 
taken in offshore samples were immature 
(S t ree t  e t  a ? .  1975).  This pattern was 
also the case in the herring catch i n  
V i  rgini a. The offshore trawl fi shery, 
which began i n  1967, takes a l l  age groups 
of the ocean population indi scriminatel y. 
Prior to the ' init iat ion of the offshore 
trawl f i  skery (particular1 y by foreign 
f l e e t s ) ,  the total  inshore harvest was 
fai r l y  s table  w*i t h  several year classes 
represented in the fishery. Data col- 
lected by the North Carolina Division of 
Harine Fisheries indicate tha t  the total  
herring population was reduced by harvest- 
ing a l l  age groups. Since the cessation 
of the offshore trawl fishery,  cojnciding 
WI t h  tne enactment of the f i she!-ies con- 
servation zone, s t a b i l i t y  i n  the harvest 



has returned. Though stable in i t s  yield, 
t h e  popul ati  on level i s  much lower than i t 
was before the tretnendous fishing e f fo r t  
o f  the la te  1960's and early 1970". 

The long-term residents around Alhe- 
marle Sound claim t h a t  there has been a 
change in the salinity patterns of the 
sound (Stick 1982). Reportedly, high 
Sal i ni ty water hi storicall y penetrated 
A1 bemarl e Sound up  to the Chowan rii ver in 
1 a t e  summer during dry years. When t h a t  
~ c c u r r e d ,  the fishing was said t o  be 
be t t e r  t h a n  i t  i s  today. While docurnenta- 
t i  on i s  not  available t o  verify these 
repor ts ,  i t  i s  reasonable t o  assume t h a t  
sal twater i ntrusi ons [nay have occurred 
eiu ri ng most years. Prior t o  i mpoundrnen t 

of the reservoirs on the Roanoke River, 
there was normally a period of low flow 
during late  summer. After the reservoirs 
were constructed, maintenance of pre- 
scribed water levels in the lakes required 
a smoothing o f  flow variations (see Sec- 
tion 2 . 5 ) .  During the drought conditions 
of 1981, sal twater penetrated the sound ~ l p  
into the Chowan River. The usual blue- 
green algal blom did n o t  occur and pro- 
duction of other phytoplankton was in- 
creased (Dr. Hans F'aerl, University of 
North Carol ina Insti tute of Marine 
Sciences, Moreherd Ci ty; pers. comm.). I f  
thi s scenario holds for pre-impoundment 
conditions, then the use of the Roanoke 
Si ver for speci a?  reservoirs has certainly 
decreased A1 bemarl e Sound producti vi ty and  
i t s  role in commercial fisheries, 



CHAPTER 5 

5.1 COMMERCIAL FISHERIES 

Fi shi ng has been an important a c t i  v- 
i t y  ( Figure 38) i n  A1 bemarl e Sound s ince  
co lonia l  t imes ( see  Sec t ion  1 .3 ) .  The 
e a r l y  s e t t l e r s  depended upon the  sound f o r  
food and used s a l t  r i v e r  herr ing a s  cur- 
rency ( S t r e e t  1982) from the Royal Por t  of 
Edenton to a number of the i s l a n d s  of t h e  
West Indi e s .  Tradi t i  onal methods of 
f i sh ing  a r e  s t i l l  used around the sound 
(F igures  39 and 4 0 ) ,  p a r t i c u l a r l y  i n  t he  
more i so la ted  coas ta l  communi t i e s  (Eilai 01 o 
and Orbach 1982), and commercial f i sh ing  
i s  s t i l l  p r imar i ly  small s ca l e .  

The t o t a l  landings of f i n f i s h  from 
Albemarle Sound i n  recent  y e a r s  (1969-80) 
range between 10 mil l ion  kg (23 mi l l i o n  
I b )  t o  about  4 mi l l ion  kg (9  mi l l ion  l b )  
(Table 14 ) .  The annual value ranged from 
about  $700,000 i n  1970 through 1972 and 
$1.7 mi l l i on  i n  1978 (Table 14 ) .  These 

da t a  a r e  an accumulation of s t a t i s t i c s  
from the North Carolina Div is ion  of Marine 
F isher ies  County Landings data  from 1967 
through 1980 ( S t r e e t  1982).  

Fjgur-e 32. Trad: t i o n a l  h e r r i ~ g  f ishery 
(photo  cour tesy  of the  North Carol ina Figure 39. C o m i e ~ c i a ~  f i s h i n q  (photo by 
Department o f  Archives and Hi s to ry ) ,  Gene Furr ) .  



Fiqure 40, Long n e t t i n g  i n  Alberr~nrle Sound (pho to  hy Gene F u r r ) .  

T 
i he catch froit? 41 bernarlc "otltid has 

t r d d i  tiorla1 l y  beer? rdoininateii by b?ael-tack 
h p r r i n q  dtld ,~l~+\*r'i C ~ ,  cninmonly referr*c~+ t o  
col iec t l  vely a s  ??vet- htlrrlrlq [Tabie 1 5 ) .  
?he t o t a l  la:~i-li eijs of r? v e r  her-ri nq dur i t?q 

recent  yearc, raric~ed h r t w ~ e n  about $200,00C 
i n  39/'0 to  o s ~ l r  $4@0,151'0 ? :n  1 0 7 1  (Tab1 r 
~ h ) ,  Most r i s e r  herr ing a r e  c.auqhC i n  

<.[)rl nt] hy n ~ t t l n g  i n  the westerr1 t h ~ v v j  a" 
the sotrr~d and the v~ouths o f  the riiajo+- t r i -  
bu t a r i e s  o f  t h a t  area ( F r y u r c  4 1 d ) .  

Thcl s t r iped ha%s i s  another  ar?atlro- 
tiioils f i s h  t d k e n  i n  rr'trntnclrcial i j i i a n t i t i e . ;  
i n  t h ~ i  ill h~rvar!e 5our'd arcla f r o  f a 1  1 
Lhrnuqh cpriny (7trrel  1927), i t  1 5  tdkpn 
corriir~er~i d l  l y  .in d l  1 areas  o f  the wund 
(Fiqurr 4 1 b ) ,  and f h ~  l a n d i n g s  r a n q e  Proo~ 
ovpr 400,000 k u  ( 1  rv-11 I Ion I b )  ~n 1008 to 
l e s r  than 136,0170 kg (31?0,000 l h )  i n  1980 
(Table 1 5 ) .  The averaye p r i ce  per pound 
has i n c r e d $ ~ f  so t h a t  t he  value oc  s t r i  ~ e d  
i ) d r ~ ~  l a n d i t l q ~  i r i  iVbef ;~ar?c  Sollalii i n  3989 
W ~ S  a r o u t ~ i l  9.301),:?0;1 per year (Tab le  15) .  

i t~rc te  ~ n d i q e n o u s  r,pecies f rabp  up a 
5 1 c i n l f ~ c d n t  OOY-tion of the ilor:rrlercIal 
landinqs i n  A1 b ~ ~ ~ a r i e  Soun4-i. Two r7iajnr  
spec ies  o f  c a t f i  sh (channel and  whi t e  c a t -  
f i s h )  a r e  take11 I n  the  w e 5 t c r ~  poi - t ion  a +  
the sound (F tyurp  423) u s i n g  pots and 
trot1 incs (Srreet 1982). Catfi  sh a r e  
taken year-round and r a n s e  i n  landincjs 
frail: cver 1.1 ~ : l l l i o n  kg ( ? . q  n - ~ l l i o r ~  l h )  
1n 1Y7! t o  0.6 m i l l ~ o n  k q  ( 1 . 3  ' l ? i ; l i o n  I b )  
7 " 1  1380 {Pabl e 153. The anilual va? tie of 



Table 15. Commercial landings of f i n f i s h  (1,000 I b )  from Afbemarle Sound, 
1967-80 (from S t r e e t  1982). 

River Str i  ped l4hi te  
Year herring Catfish bass perch Others 

Table 16. Value (1,000 do l la r s )  of commercial f i n f i s h  landings from Albe- 
marle Sound, 1967-80 (from St ree t  1982). 

River Stri  ped Whi t e  
Year Herring Catfi sh ba s s  perch Other 



a. River  h e r r i n q .  a. Cat f ish.  

b. White perch. 

F i g u r e  41. F ish ing  areas  f o r  coimnercial Figure 42. F ish ing  areas f o r  commercial 
catch o f  anadromous f i s h  i n  Albemarle catch o f  indigenous f i s h  i n  Albemarle 
Sound (from S t ree t  1982) . Sound (from S t ree t  1982). 

t h e  c a t f i s h  catch i n  A l  bernarle Sound i s  
abou t  $300,000 per year [Tab le  16). 

The t h i r d  indigenous spec ies i n  the 
Albemarlrr Sound coininerciaf catch i s  white 
perch,  Whi te perch are taken hy q i  11 nets 
throughout  ntost o f  the sound dur ing  the 
fa11 and winter ,  and by p o u d  ne ts  i n  the 
Chowan River along w i t h  r i v e r  he r r i ng  
during the s p r i q  ( F i g u r e  42fr). Landings 
g e n e r a l l y  range k t w e e n  45,000 and 200,00~) 
k g / y r  f100,000 and 500,000 r b / y r f ;  the 
lowest, catch on record  Was l ess  than 
22,000 kg (50,000 l b )  i n  1480 ( T a b l e  15). 
The annual value o f  the whi te  w r c h  land- 
i n g s  j s  g e n w a f l y  l ess  t h a n  4sO,tr0tl per 
y e a r ,  w i t h  the exception 0f 1978 (when the 

catch was the h ighest  on record)  when 
t h e i r  value exceeded 8100,000 (Table 16). 
This f i sh  has been severely af fected by 
the red sore disease (see Section 3.3), 
espec ia l l y  dur ing the l a t e  1970's and 
e a r l y  1980's (Johnson 1982). 

Other species o f  f i n f i s h  commercially 
taken i n  Albemarle Sound are h e r i c a n  
eels, spot, and A t l a n t i c  croaker. Commer- 
c i a l  landings have recen t l y  increased so 
t h a t  by 1980 they exceeded 9C0,000 kg/yr  
( 2  n ~ i l l i o n  l b / y r )  i n  weight (Table 15) and 
$200,000 i n  value (Table 16). As the  
c m e r c i a l  landings o f  r i v e r  herr ing,  
s t r i ped  bass, and white perch decrease, 
the landings of other  species are  expected 



t o  increase as fishermen exe r t  e x t r a  Table 17. Commercial landings (1,000 Ib 
e f f o r t  t o  fill t h e i r  catch (see Section and d o l l a r s )  o f  b lue  crabs from Albemarle 
5.3). Sound, 1967-80 (from S t r e e t  1982). 

Blue crab c o n s t i t u t e  a major she l l -  
f i  shery i n  A1 bemarl e Sound, p a r t i c u l a r l y  
i n  recent years (S t ree t  1982). 81 ue crabs 
are p r i m a r i l y  taken dur ing  warm weather i n  
the cen t ra l  t o  eastern po r t i on  o f  t he  
sound (F igure  43). The landings o f  b lue  
crabs were almost 800,000 kg /y r  (2  m i l l i o n  
I b l y r )  i n  the l a t e  1970gs, an increase 
from about 45,000 kg (100,000 1 b l y r )  i n  
the l a t e  1960's (Table 17). The value o f  
b lue  crab landings i s  near ly  $300,000 pe r  
year (Tab1 e 16) , maki ng the value o f  b lue  
crabs comparable to  t h a t  o f  s t r i p e d  bass, 
c a t f i s h ,  and r i v e r  her r ing  i n  Albemarle 
Sound . 

The blue crab fi shery ( Figure 44) has 
become commerci a1 1 y important  i n recent  
years and i s  expected to  cont inue to  i n -  
crease i n  importance i n  A1 bemarle Sound. 
One reason f o r  t h i s  i s  t h a t  i t  i s  p r i  n- 
c i p a l l y  a warm-weather f i shery ,  whereas 
most o ther  f i  sher ies (except c a t f i  sh) a re  
cool-weather f i  sher i  es. This i s  a t t r a c -  
ti ve t o  many commerci a1 fi shermen because 
i t  provides them a f i  shery dur ing the so- 
c a l l e d  off-season. 

The t o t a l  annual comrnerci a1 fi sher i  es 
catch i n  North Carol ina exceeded $50 mi 1 - 
l i o n  i n  1979, 1980, and 1981 (S t ree t  
1981). As ind ica ted i n  Table 14, the per- 

Year Landi ngs Value 

centage o f  the  North Carol ina catch from 
A1 bemarle Sound has decl ined t o  1 ess than 
3% o f  the t o t a l .  Since A1 bemarle Sound 
cons t i t u tes  about 20% o f  the t o t a l  estu-  
a r i ne  area i n  North Carolina, i t s  commer- 
c i a l  f i  shery catch i s  comparatively small . 
Hi s t o r i c a l  l y ,  the percentage o f  t o t a l  
1 andings from A1 bemarle Sound amounted t o  
a f i g u r e  c lose r  t o  i t s  r a t i o  i n  area 
(St ree t  1982); thus, the fishermen's f e e l -  
i n g  t h a t  the f i s h e r y  i s  "depressed" i s  
rea l  (North Carol i na D i  v i  s i  on o f  Envi ron- 
mental Planagement 1982). 

5.2 RECREATIONAL FISHERIES 

Recreational fi shing (Figure 45) has 
been a t r a d i  ti onal a c t i  v i  t y  i n  A1 bemarl e 
Sound f o r  over 300 years. S t r iped bass 
(o r  rock f ish ,  as l o c a l l y  known) has been 
one o f  the more popular rec rea t i ona l  f i s h -  
e r i es  o f  the sound (Hassler e t  a l .  1981). 
Whi t e  perch nurneri c a l l y  cons ti t u t e  the 
1 argest po r t i on  o f  the  recreat iona l  catch 
i n  Albemarle Sound, Other species sought 
by spor t  fi shenen inc lude ye l low perch, 
spot, and A t l a n t i c  croaker. 

F igure 43. f i sh i ng  area f o r  commercial Creel censuses were conducted on the 
ca tch  of b lue crabs i n  Albemarle Sound s t r i ped  bass recreat iona l  f i s h e r y  i n  
( f rom S t ree t  1982). A1 betnarle Sound by W . W .  Hassler of North 
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Figure 44. Crab t rawler  (photo by Steve Murray). 

Carol ina State Un ive rs i t y  from 1967 
through 1973, and by the  North Carol ina 
W i  l d l  i f e  Resources Commi ss i  on from 1977 
through 1979. I n  general, t he  f i s h i n g  
e f f o r t  and major catches were concentrated 
throughout the coo ler  months o f  the year; 
the best  s t r i ped  bass f i s h i n g  was from 
October through A p r i l  (Hassler e t  a1 . 
1981). The most i n tens i ve  f i s h i n g  i n  
A1 bemarle Sound was i n  the v i c i n i t y  o f  
Mann's Harbor, East Lake, Pasquotank 
River, Yeopim River, Gum Neck, A1 1 i g a t o r  
R i  ver , Shi pyard Landing, and Perqui mans 
River. The recreat iona l  catch o f  s t r i p e d  
bass i n  Albemarle Sound has decl ined from 
96,000 f i s h  i n  1970 t o  ( i n  a combined 
e f f o r t  of 11,000 boat  days) a low o f  6,000 
i n  1979 (Table 18). The catch per u n i t  
e f f o r t  (CPUE) has a lso  s t e a d i l y  decl ined 
i n  recent years (Table 18). 

More nhi t e  perch are taken by spo r t  
fishermen than any other  species i n  Albe- 
marle Sound. The recreat iona l  catch o f  
whi te perch exceeded 200,000 f i s h  per year 
dur ing the 1970's (S t ree t  1982). kihi t e  
perch have been severely affected hy red 

F igure  45. Str iped bass fisherman (photo sore disease dur ing the mid t o  l a t e  1970's 
by Joel Ar r ing ton)  . (see Section 3.3). A l a rge  p o r t i o n  o f  the 



Table 18. Catch o f  s t r i p e d  bass by  r ec re -  
a t i o n a l  f ishermen i n  A1 bemarle Sound ( f rom 
Hass le r  e t  a l .  1981; No r t h  Ca ro l i na  Wild- 
1 i f e  Resources Coi~xnission da ta ) .  

-- 

Year Catch Boat days C P U E ~  

a  
CPUE = Catch per u n i t  e f f o r t .  

r e c r e a t i o n a l  catch i n  the  l a t e  1970's was 
a f f e c t e d  and the  d e s i r e  o f  r e c r e a t i o n a l  
f ishermen t o  ca tch  perch was g r e a t l y  re-  
duced, a l thouqh  t h e  a f f e c t e d  f i s h  a re  
e d i b l e .  

5.3 FISHERIES TRENDS 

The t o t a l  f i s h e r y  y i e l d  i n  A1 hemarl e  
Sound has dec l i ned  du r i ng  the  pas t  decade 
( F i  gure  46) .  The ca tch  has decreased from 
a h i g h  o f  over 10 m i l l i o n  kg (23  m i l l i o n  
I b )  i n  197@ t o  about 4.5 m i l l i o n  kg (10 
m i l l i o n  I b )  i n  1980. Much o f  t h i s  d e c l i n e  
has been i n  the  r i v e r  h e r r i n g  f i s h e r y ,  
made up o f  the blueback h e r r i n g  and the  
a l ew i f e  ( S t r e e t  1982). Th is  d e c l i n e  has 
p r i m a r i l y  been a t t r i b u t e d  t o  a  d e c l i n e  i n  
the  water qua1 i ty of A1 bemarle Sound and 
i t s  t r i b u t a r i e s  (Johnson 1982). 

F i gu re  46. Trends i n  commercial l and ings  
from Albemarle Sound, 1967-1980 ( f rom 
S t r e e t  1982). 

The c a t f i s h  f i s h e r y  i n  A1 bemarle 
Sound seems t o  be re1 a t i  v e l y  consi  s t e n t  i n  
i t s  product ion,  and t h e  b l u e  c rab  c a t c h  
has increased i n  r ecen t  years. Perhaps 
t he  c a t f i s h  i s  more t o l e r a n t  o f  dec l in ing 
water  qua1 i t y  i n  t he  t r i b u t a r i e s  than 
anadromous species, and there fo re ,  i s  
capabl e  o f  rnai n  t a i  n i  ng a  s tab1 e  popurl a ti on 
(Kl imek 1982; North Ca ro l i na  D i v i s i o n  o f  
Envi ronrnental Management 1982; Paer l  
1982). The b l u e  c rab  ca tch  has inc reased  
p r i m a r i l y  because o f  a  l a r g e  inc rease  i n  
f i s h i n g  e f f o r t  as f i  shemen t u r n  t o  sum- 
mert ime f i  sh ing t o  supplement dec l i n i ng ,  
t r a d i t i o n a l  w in te r t ime  f i s h i n g  income 
( S t r e e t  1982). 



CHAPTER 6 

MANAGEMENT IMPLICATIONS 

6.1 ECONW XC PARAMETERS 

Three general 1 eve1 s of nlanagemen t 
are applicable to Albemarle Sound: single- 
species, mu1 ti-species, and entire-estuary 
management. Economic parameters important 
in management decisions w i  11 largely 
depend an the level of management being 
considered. S i  ngle-species management 
involves one group of parameters; rmrl t i -  
species managernent , a 1 arger graup of par- 
arneters, Mmaggement of an ent i re  estuary 
involves a at117 larger qroup of para- 
meters kcause water use by sectors of the 
econony ather than fisheries becomes a 
direct  concern. 

The tern! "aanagemer) t "  general 1y 
refers to taking some action or actions 
des4 gned to achi eve a given goal . Even a t  
the simplest level of single-species 
managenrr~lnt, a large nunlher of options are 
often available to managers or planners of 
the sound. Suppose for example, a fi  shery 
catch has faflen because of too much fish- 
i n g  pressure, f In the case o f  A1 beit~arle 
Sound, increasrrel fishing presstlre i s  not 
unusual for ffsherfes i n  which costs of 
entering are relatively low,) To reduce 
the amount of fishing pressure, the fish- 
ery managernent agency mdy decide to set 
s i t e  I3ml*ts on the fish to kr landed, 
sharterl fishing seasons, or s e t  aside pro- 
tected areas. FishSng {jressure could be 
further reduceci by taxing the catch or 
vessels, reducing the number of licenses 
issued, or assigniurg quotas to fishennen, 
wf t h  total assigned quota equal to the 
smaller desired catch, Clark (29'79) has 
shown the management tool o f  assign& 
quotas to tv;? as econonrfcaf ly effic-ient a s  
a tax on catch, which i s  general lyv re- 

garded as highly effect ive,  b u t  pol i t i -  
cally impractical . Assigned quotas rnay 
not be so pol i t ical ly  impractical, and i f  
they are marketable (i . e . ,  i f  fishennen 
could buy and sell  their  quota), could 
resul t  in benefits accruing to fishermen 
instead of government, as happens in the 
case of taxes on catch. A smaller catch 
rnay be necessary for some wriod of time 
to allow stocks to rebuild. Once stocks 
are larger ,  1 arger catches may be possible 
w i  thout permanently dimini shi ng the stock. 

Revenue generated from a fishery 
depends upon the bi 01 ogi cal parameters 
affecting population and growth, and upon 
econornic pararneters such as price and cost 
of harvesting. Fish stocks are similar to 
capital assets in that they yield a flow 
of revenue over time. That flow of re- 
venue frorn landi ngr each year i s  cri t i -  
cally dependent upon the size of the 
population and upon the price received 
from the catch. The population size and 
the growth of individual ft sh in tha t  
population (as pointed out i n  ea r l ie r  
sections) depend upon water quality and 
characteristics such as sa l in i ty ,  avail- 
able food, and water temperature. The 
demand for any g-iven species affects  the 
price received for the catch and the an- 
nual revenue fronl the fishery. Cost o f  
harvesting depends not only upon prices o f  
those i terns typically associated w i  th 
fishing (vessels,  fuel ,  e t c . ) ,  b u t  i t  a lso 
depends upon the oppartuni t y  cost of fi sh- 
ermen. By oppartuni ty cost ,  we are re- 
ferring to the inconle given u p  by a fFi sh- 
erman i n  the most profitable use of hi s 
time other than fishing. I.(ence, other 
ernul ovment op~ortuni t i es  w i  11 affect the 
ambuni o f  t i%  dn individual allocates to 



f i s h i n g  and, a lso,  t he  t o t a l  number o f  
i n d i v i d u a l s  i n  a  f i s h e r y  a t  any . p o i n t  i n  
t ime. As an example, many farmers i n  t h e  
Albemar le  area a r e  pa r t - t ime  fishermen, 
b u t  t hey  are f a r  l e s s  l i k e l y  t o  be i n  t he  
f i s h e r y  du r i ng  p l a n t i n g  and c rop  harves t -  
i n g  seasons than a t  o t h e r  t imes. Dur ing 
peak farm seasons, t h e i  r oppor tun i  ty cos t  
o f  f i s h i n g  i s  l i k e l y  t o  exceed t h e i r  ex- 
pec ted  revenue from fi sh i  ng . I n  A1 bemarl e  
Sound, mu1 ti p l e  spec ies management i s  
necessary t o  p rov i de  fi sh i  ng oppor tun i  t i e s  
between farming a c t i  v i  t i e s  (i . , the  
t r a d i t i o n a l  w i n t e r  f i s h e r y ) .  

If management goals  a re  expanded t o  
improve t he  n e t  revenue from several  o r  
a l l  f i s h  s tocks i n  Albemarle Sound, t he  
management agency then becomes concerned 
w i t h  a l l  f i s h  s tocks and harvests  simul-  
taneousl  y .  Pul t i - s p e c i e s  management 
i n v o l v e s  addi  t i o n a l  parameters. Factors  
such as d i s c a r d  ( ca t ch  o f  unwanted spec ies 
o r  j u ven i  1  e  spec ies)  become impor tan t .  
Harves t ing  one o r  more t a r g e t  spec ies may 
adve rse l y  a f f e c t  another  species. Thi s  
p r a c t i c e  n o t  o n l y  has b io1 og ica l  imp1 i c a -  
t i ons ,  bu t  i t  has economic i m p l i c a t i o n s  as 
w e l l .  The spec ies adverse ly  a f f e c t e d  may 
be one t h a t  i s  harvested by another  group 
o f  f ishermen, o r  i t  may be one t h a t  would 
be harvested 1 a t e r  a f t e r  the  juven i  1  es 
matured. Hence, f u t u r e  harves ts  and r e -  
venue can be reduced because o f  the d i s -  
ca rd  (Waters e t  a1 . 1980). Two competing 
groups l i k e l y  t o  be impor tan t  i n  managing 
A1 bemarl e  Sound's f i  sher i  es a re  commerci a1 
and r e c r e a t i o n a l  fi shermen. Roth groups 
may e x p l o i t  a  s i n g l e  spec ies,  such as 
s t r i p e d  bass, o r  e x p l o i t  d i f f e r e n t  species 
t h a t  may be r e l a t e d  through the food 
chain,  such as shad and largemouth bass. 

Having d i  scussed some issues  and 
o p t i  ons avai 1 ab le  t o  f i  shery managers, we 
s h i f t  our  a t t e n t i o n  t o  manaqement goals  
t h a t  a r e  water  qual i t y - o r i  ented. Water 
qual  i ty i s  impo r t an t  i n  consi  d e r i  ng goal s  
as broad as management o f  an e n t i  r e  estu- 
a ry ,  o r  as s p e c i f i c  as improved f i s h e r y  
v i e l d s .  As soon as we i n c l u d e  improved 

between se lec ted  water  qual i ty parameters 
and p roduc t i on  o f  f i s h .  

I n  A1 bemarl e  Sound a1 1 water qual  i ty 
i s sues  a r e  u1 t i m a t e l y  r e l a t e d  t o  f r esh -  
water  r u n o f f .  Concern has o f t e n  been 
expressed about inc reased  freshwat, o r  run- 
o f f  and i t s  e f f e c t s  on f i s h  p roduc t i on  and 
o t h e r  uses o f  t he  water. The e f f e c t s  i n -  
c lude  n o t  o n l y  those caused by s a l i n i t y  
decreases b u t  a l s o  the  e f f e c t s  o f  f e r t i -  
1 i  zers,  p e s t i c i d e s ,  and animal wastes 
i n p u t s  t h a t  a re  connected w i t h  i n c r e a s i n g  
a g r i c u l t u r a l  use o f  t h e  l and  sur round ing  
Albemarle Sound. I f  ou r  management goal 
i s  increased f i s h  p roduc t i on  by improved 
wate r  qual i ty, severa l  ques t ions  w i t h  irn- 
p o r t a n t  econo~nic i m p l i c a t i o n s  a re  r a i sed .  
What i s  t h e  r e l a t i o n s h i p  between f r esh -  
water r u n o f f  ( i g n o r i n g  n u t r i e n t  and p o l  l u -  
t i o n  loads)  and f i s h  p roduc t ion?  What a re  
t he  e f f e c t s  o f  smal l  changes i n  s a l i n i -  
t i e s ,  o r  o f  l o c a l i z e d  increased f reshwater  
r u n o f f ,  on t he  sound's p r o d u c t i v i t y  f o r  
s p e c i f i c  species? What a re  t h e  e f f e c t s  o f  
changes i n  r u n o f f  on s a l t w a t e r  versus 
f reshwate r  spec ies assoc i a t i ons?  U h i l e  
dddi ti onal f reshwater  nay  reduce A l  be~nar l  e  
Sound's p r o d u c t i v i t y  f o r  s a l t w a t e r  
species, f reshwate r  r u n o f f  inay have no  
i ~ i l pac t ,  o r  even a p o s i t i v e  e f f e c t ,  on pro-  
d u c t i v i t y  o f  f reshwate r  species. To p ro -  
p e r l y  eva lua te  proposed r e g u l a t i o n s  t o  
c u r t a i l  r u n o f f  ( t h a t  m igh t  have n e g a t i v e  
e f f e c t s  on farm income), a knowledge o f  
sucti e f f e c t s  o f  r u n o f f  on p r o d u c t i v i t y  
woul d  be requ i  red. 

These types o f  issues w i l l  p robab ly  
a r i s e  i f  management goals  i n c l u d e  ~ a t e r  
qual i ty c h a r a c t e r i s t i c s .  As w i t h  many 
management schemes, some people w i l l  pe r -  
haps ga i n  income, some perhaps l o s e  i n -  
come. W i l l  t he  n e t  change be p o s i t i v e ?  
I f  t h a t  cannot be c l e a r l y  shown, one can 
s e r i o u s l y  ques t ion  t he  management goal and 
p r a c t i c e .  And, even if gains outweigh 
losses,  t h e  r e d i s t r i b u t l o n  o f  incoine is  
n o t  a  popu la r  task, p a r t i c u l a r l y  as f a r  as 
those 1 os i  ng income ( o r  p o t e n t i a l  income) 
a re  concerned. 

" 
water a u a l i t y  as a goal ,  management pro- 
b1 ems inc rease .  What c h a r a c t e r i  s t ?  cs  o f  A g r i c u l t u r e  has p layed a ma jo r  r o l e  
water  q u a l i t y  do we i d e n t i f y  as our  goal l'n t h e  Albemarle area f o r  3 c e n t u r i e s  
and as y a r d s t i c k s  f o r  measuring movement { S t i c k  1982); i n  r ecen t  years, however, 
t o w a d  t h a t  goa l?  Ranagemerit -is fur ther the t3ar'sin arid rect -eat jon i n d a s t r y  ( F i g -  
compl icated by unknown r e l a t i o n s h i p s  ure 4 7 )  has ga ined i n  importance. The 



Figure 47. R c c r ~ a t i o n a l  a c t i v i t y  on Albc- 
rnarle S0uttc.i (photo by J. Fos te r  S c o t t ) .  

r e l a t i v e  1ndyn.j tudes of foriie of the a c t i v i -  
t i e s  o r  the 10 coun t ies  surroi inding 
A lbemar le  Sourld a r e  t he  f o l l ~ \ ~ i n g :  1973 
v a l u e  uf farm products s o l d ,  $180.1? m i l -  
l i o n  (i iarwood 1'332); est i i i la ted t r d v e l  and 
tcluri sm exper'ldi tuoes  for 1479, $06 m i l -  
l i o n ,  aod f o r  8980, $134 n l i l l i a n  (Nor th  
Ca ro l  i na r]epdrt,nent o f  Cumr~rerce, Wal eigh; 
pers ,  cannl, ) ; ducks i de value uf co~ninerci a1 
f i s h e r y  l a n d i n g s  For 2979, $1.4 : n i l  l i o n ,  
and f o r  1980, $I,:{ ~ s l f l l i o n  ( f a b l e  14) .  
Concern ing  t h e  recreafiiortal ~ u p e n r i i t u r e s ,  
if the Dare County  eexpenifi l u res  are ocean- 
r e l a t e d  arrrt i f '  thew OT? .iubstr.dcted frorii 
t h e  t a t a l  , t h e  d r e d ' i  r e c r e a  t i ond l  expend- 
i t u r e s  f a r  1319 arrd 1980 are  then $25,5  
\ n i l l i o n  and $29+2 m i l l  i on ,  r e s p e c t i v e l y .  
One [ n i g h t  a l s o  specu la te  t h a t  a s i g n i f i -  
c a n t  p a r t  u f  t h e  sound-re la ted rec rea-  
t i o n a l  expendi  'cures i s  r @ l a t e d  t o  rVt.erea- 
t i o n a l  f i s h i n g ;  hence, i t  i s  l i k e l y  t h a t  
recreatji;n~? f:;hincj i s  Esi? 5tnporstdn9: 
&he ared 9 eeconoi!ry than ctrmirercial f ish-  

ing.  These a re  crude data, however, and 
specu la t i on  i s  about a l l  they  suppor t .  
The values a r e  comparable on l y  i n  t h a t  
they represen t  r e c e i p t s  t o  f i r m s  i n  t h e  
r espec t i ve  i n d u s t r i e s .  The ope ra t i ng  
expenses o f  each i n d u s t r y  a r e  q u i t e  d i f -  
f e r e n t  and must be sub t r ac ted  from these 
t o t a l s  i n  o rde r  f o r  t he  f i g u r e s  t o  be 
s t r i c t l y  comparable. Other  economic mul- 
t i p l i e r s  a r e  fac to red  i n  which m k e  t h e  
u7t i rnate i inpacts o f  each i n d u s t r y  on the? 
o v e r a l l  economy vary  even more. 

Given these economic a c t i v i t i e s ,  
t h e i r  r e l a t i v e  magnitudes, and t h e  o t h e r  
c h a r a c t e r i s t i c s  o f  t h e  A? bemarle Sound 
Estuary, what a r e  some management con- 
s i d e r a t i o n s ?  F i r s t ,  we need t o  emphasize 
one p o i n t :  management genera l  l y  i s 
designed t o  " improve" t h e  a l l o c a t i o n  o f  
resources, e i t h e r  be tween a c t i  v i  t i e s  o r  
between t ime per iods.  To irnprove resource 
a1 l o c a t i o n  r equ i  re5 s p e c i f i c  o b j e c t i v e s  
and understanding o f  the  prob lem(s)  t o  5e 
so lved o r ,  i n  sone fash ion ,  improved. 
Management has c9s ts :  once a  c l e a r  goal 
i s  es tab l i shed ,  we should l o o k  a t  a l t e r n a -  
t i v e  methods, and the assoc ia ted  costs ,  o f  
ach i ev i  ny t h a t  goal . "Costs" here r e f e r s  
t o  bo th  income g iven  up by any group as 
we l l  as those cos t s  i n cu r red  by goverrlrnent 
bodies i n  managing. A d d i t i o n a l l y ,  s i nce  
the  t echn i ca l  p roduc t i on  c o e f f i c i e n t s  ( t h e  
r a t i o  of t r u e  cos t s  t o  b e n e f i t s )  a r e  un- 
known, any manage nent goal --and t h e  c u r -  
r e n t  p rac t i ces  operated upon t o  achieve 
t h a t  goa l - - i s  surrounded w i t h  u n c e r t a i n t y .  
Th is  u n c e r t a i n t y  i s  p a r t i c u l a r l y  t r u e  of 
r e l a t i o n s h i p s  between econoinic sec to rs ,  
a n d  we should n o t  r e l y  sirnpfy upon va lue 
judgments as t o  what impacts  may be. 
These management imp1 i c a t i  ons a1 ong w i  t h  
t he  e a r l i e r  comments about l e v e l s  o f  
a c t i v i t i e s ,  cau t i on  a g a i n s t  management 
t h a t  p i t s  one economic a c t i v i t y  aga ins t  
another.  Most p r a c t i c a l  t r a d e o f f s  a re  n o t  
" a l l  or none," b u t  r a t h e r  a re  p a r t i a l  
t radeof fs  of  costs ,  benefi t s ,  and a c t i v i -  
t i e s .  F i n a l l y ,  a  second c a u t i o n  [n ight  be 
men ti one4 rega rd i  ng management o f  an es tu -  
ary.  Any g iven  group of resource users 
pe r ce i v i ng  cos t s  o r  bene f i t s  t o  a  proposed 
a c t i o n  w i l l  suppor t  o r  denounce t h a t  op- 
t i on ,  i g n o r i n g  cos t s  and bene f i t s  t o  o t h e r  
groups of resource users.  To condemn s ~ i c h  
ac t i ons  i s  no t  in tended,  f o r  they  a re  
l o g i c a l  responses. The i n t e n t  i s  s imp ly  
t o  suggest t h a t  management agencies l o o k  



a t  a1 1 s ides o f  an i ssue. The resu l  ti ng 
outcome may be s e t t l e d  p o l i t i c a l l y ;  such 
outcomes o f t e n  r e f 1  e c t  t he  under1 y i  ng 
economic concerns and c o n f l  i c t s  . 

The complex na tu re  of t he  A1 bemarle 
Sound fi shery compl i ca t e s  the  management 
process. For example, a  management goal 
t h a t  i n c l  udes changes i n  water charac te r -  
i s t i c s  aimed a t  improved p roduc t i on  o f  
bo th  r e c r e a t i o n a l  and commercial f i  sher ies  
may have bui 1  t-i n c o n f l  i c  t s .  Because o f  
t h e  m ix  o f  spec ies i n  both f i s h e r i e s ,  
improved p roduc t i on  o f  one group o f  b i  o- 
l o g i c a l  l y  s i m i l a r  spec ies may reduce pro- 
d u c t i  on o f  another  group. Improvements i n  
ca tch -per -un i  t e f f o r t  i n  one r e c r e a t i o n a l  
f i s h e r y  may come p a r t i a l l y  a t  t h e  expense 
o f  another  r e c r e a t i o n a l  f i s h e r y ,  o r  t h e  
commerci a1 f i  shery . A1 bemarl e  Sound sup- 
p o r t s  both s a l t w a t e r  and f reshwate r  
spec ies,  and se lec ted  species o f  bo th  a re  
e x p l o i  t e d  r e c r e a t i o n a l  l y  and commerci a1 1y .  
Thus, management i s compl icated on bo th  
counts.  Furthermore, goal s  and subsequent 
management p r a c t i c e s  t h a t  a t tempt  t o  im- 
prove water  q u a l i  t y  may a1 so tend t o  sh i  f t  
t h e  rni x o f  spec ies ( s a l t w a t e r  vs. f resh- 
wa te r ) .  Hence, t o  determine whether t h e  
n e t  r e s u l t  o f  any g iven  management prac- 
t i c e  i s  economica l l y  b e n e f i c i a l  w i l l  
r e q u i r e  d e t a i l e d  analyses and much data.  
Costs and b e n e f i t s  t o  o t h e r  sec to r s  o f  t h e  
l o c a l  economy o f  such a goal must a1 so be 
examined. 

A l  bemarle Sound may we l l  be d i f f i c u l t  
t o  manage, o r  a t  l e a s t  t o  improve i n  a  
c o s t - e f f e c t i v e  manner. Before management 
regimes are i n s t a l l e d ,  p o t e n t i a l  outcomes 
should be examined. Cost-benef i  t analys-i s  
i s one technique f o r  do ing so (Danie l  son 
1982). Any change i n  resource usage 
through pub1 i c  p o l i c y  a f f e c t s  cos t s  and 
revenues over  t ime. The changes i n  f lows 
o f  revenues should be evaluated be fo re -  
hand. I n  do ing  so, the impo r t an t  measure 
i s  t h e  change i n  those f lows,  n o t  t h e  
1 eve1 o f  f 1  ows . Dynamic economic inodel i ng 
(models t h a t  expf i c i  t l y  i n co rpo ra te  t ime)  
p rov ides  an addi ti onal  e v a l u a t i o n  tech- 
n i  que. 

6.2 SOCIOLOGICAL IFlPLICATIONS 

Flany economic fo rces  are focused on 
Albemarle Sound and many p o t e n t i a l  uses o f  

t he  sound a re  i n  c o n f l i c t  w i t h  one 
another .  None of t he  f o r ces  and uses, 
however, i s m u t u a l l y  e x c l u s i v e  o f  any 
o ther .  Managing t h e  sound so as t o  m in i -  
mi ze c o n f l  i c t s  among d i f f e r e n t  users  
becomes a major  soc i  01 o g i c a l  considera- 
ti on. 

Ag r i cu l  t u r a l  p roduc t i on  i s a domi- 
n a t i  ng economic f o r c e  i n  t h e  A1 bemarle 
Sound watershed and d e c l i n e s  i n  the  
sound's water qual i ty  have been a t t r i  buted 
t o  farming opera t ions .  Many farmers 
around t h e  sound are a l s o  engaged i n  
f i s h i n g  i n  the  sound. Thus, management 
schemes f avo r i ng  f i s h i n g  may meet w i t h  
1  ess r e s i  s tance from t he  a g r i c u l  t u r a l  
sec to r  than i f  farmers and f i  s h e n e n  were 
rnutua l l  y  exc l  us i  ve groups. 

Recreat ion and t o u r i  sm, a1 so 1 arge 
economic fo rces  i n  the  area, depend on 
c e r t a i n  l e v e l s  o f  water q u a l i t y  and habi -  
t a t  s t ab i  1  i ty i n  A1 bemarle Sound. I n  
general  , these a re  t he  same water q u a l i  t y  
v a r i a b l e s  t h a t  a r e  necessary f o r  the main- 
tenance o f  a  commercial f i s h e r y  (Johnson 
1982). Even though management o f  t h e  
env i  ronmental qual i t y  should be e q u a l l y  
acceptable among commerci a1 and recrea-  
t i o n a l  f i s h e r y  i n t e r e s t s ,  t h e r e  a re  ma jo r  
d i f f e r e n c e s  i n  soc i a l  goa ls  o f  t h e  two 
groups (Ha io l o  and Orbach 1982). An out -  
s tand ing  case i s  t h e  con t i nu i ng  argument 
over t h e  use o f  s t r i p e d  bass s tocks f o r  
comerc ia7  versus r e c r e a t i o n a l  f i s h i n g  
(Abbas 1982). Recreat ional  f ishermen 
b l  ame t h e  cornrnercial f i  shery f o r  decreas- 
i n g  t h e  s t r i p e d  bass s tocks  and making 
f i s h  r iore d i f f i c u l t  t o  o b t a i n  r ec rea t i on -  
a l l y .  Management schemes designed t o  
address the  A1 bemarle Sound s t r i p e d  bass 
f i s h e r y  must take i n t o  c o n s i d e r a t i o n  t h i s  
and o t h e r  soc i a l  c o n f l  i c t s .  Furthermore, 
s ince  t h e  s t r i p e d  bass s tocks i n  A lbenar le  
Sound a re  p robab ly  d i s t i n c t  f rom t h e  
s tocks  i n  Chesapeake Bay and o t h e r  estu- 
a r i e s ,  a managanent p l a n  should be o f  a 
1  ocal economic and s o c i a l  charac te r .  

6.3 INSTITUTIONAL AND MANAGEMENT 
CONSTRAINTS 

Management i n  any es tua r y  i s  d i f f i -  
cu1 t because o f  nu? t i p 1  e j u r i s d i c t i o n s  and 
sepa ra t i on  o f  power by t h e  va r ious  i n s t i -  
t u t i o n s  hav ing management respons i  b i l  i- 



t i e s .  Yanage~nent i s  e s p e c i a l l y  d i f f i c u l t  
i n  A l hcna r l e  Sound s i nce  i t  i nvo l ves  a 
watershed i n  two S ta tes  and .?ajst deal w i t h  
a \.ride range o f  environments and t h e i r  
resources. A d d i t i o n a l l y ,  a  number o f  
Federal ,  State,  and l o c a l  agencies have 
r~anagenent r espons ib i l  i t i e s  deal i ng  w i t h  
Al bwrar l  e  Sound and i t s  resources. 

Seventy percen t  o f  the  watershed o f  
Aihemarle Sound 1 i e s  i n  V i r g i n i a  and rtany 
be1 i e v e  t h a t  !?any o f  t he  water  qual i t y  
problerns i n  thc Chowan R iver  and western 
p a r t  o f  hl bwrar l  e  Sound a re  t h e  resu l  t o f  
a c t i v i t i e s  c a r r i e d  ou t  i n  V i r g i n i a  (Nor th  
Carol i n a  D i v i s i o n  o f  Environinen t a l  Manage- 
ment 19.32). Indeed, about  70% o f  t he  
n i t r o g e n  l oad ing  and 80% o f  t he  phosphorus 
l o a d i n g  i n  t h e  Chowan R i ve r  a re  from the  
V i r g i n i a  p o r t i o n  o f  t h e  watershed (Nor th  
Carol i n a  D i v i s i o n  of Environr-lental Ran- 
agencnt 1982). I n  a d d i t i o n  t o  water  
qual i t y  problerns, the  c i t y  o f  Nor fo lk ,  
V i r g i n i a ,  i s  c u r r e n t l y  i n c reas i ng  i t s  
n u n i c i p a l  use o f  water frm t h e  A1 henar le  
watershed, therehy reduc ing f reshwatcr  
i n f l ows  t o  Rlbcnlar le Sound even f u r t h e r .  
Because o f  c o n f l i c t s  i n  the goa l s  O F  S ta te  
goverrtments i n  W i  r y i n i a  and Nor th  
Carol i f l a ,  i t  has been d i f f i c u l t  t o  reso lve  
water qual i ty Sinprovernent problems, Thus, 
a  se r ious  c o n s t r a i n t  on a rnanagernent p l an  
f o r  A1 be~nar le  Sound i s  the  j 2 r i  s d i c t i o n a l  
i 11 te rac  t i  ons be tween two S ta te  govern- 
 rents , 

Several Sta t e  and Federal agencies 
are charged w i t h  the  r e s p o n s i b i l i t y  o f  
nranay i ng the var ious  resources i n  A1 he- 
rnarle Sound (Tabfie 1'31, Far example, t he  
No r t h  Caro l ina  h v j s i o n  of Marine Fish- 
e r i e s  manages the rnarine f i s h e r i e s  a f  the 
S ta te  while the  No r t h  Ca ro l i na  D i v i s i o n  of 
W i  l d l  l f e  Resources ittanager the f reshwater  
f i s h e r i e s  of the Sta te .  These and o the r  
j u r i  s d i c t i c t n ~  so~rlet i l i~es over lap.  S t i l l  
o t h e r  agencies d r e  charged gi t h  responsi -  
b i  1 i t i e s  f o r  water qua1 i ty ,  water tnanage- 
mcnt, s h e l l  fi sh sani t a t i  on, o r  peat min- 
ing .  lilany Ferleral agencies operate by 
en fo r c i  ng b l a n k e t  r e g u l a t i o n s  and have 
~nanage~nent goals  t h a t  a re  so rne t i ~~~es  i n  
c o n f l i c t  w i t h  the godl r o f  S ta te  o r  f oca l  
agenci es. A1 1 these re$  ponsi  b i  1 i t i  es and 
goals need :to be c~oru"inaiei4 to  ok~tirnize 
manaqernent a c t i  v i  t i e s .  

Another c o n s t r a i n t  faced by wou: d-be 
managers of A1 bemarle Sound i s  t h e  l a c k  o f  
i n f o r m a t i o n  on some aspects  of e s t u a r i n e  
s t r u c t u r e  and func t ion .  The cons i de rab le  
i nfo rmat i  on concerni  ng the c h a r a c t e r i  s t i  c s  
o f  o t he r  01 i g o h a l i n e  es tua r i nes  s i m i l a r  t o  
A1 bemarl e  Sound i n  t h i  s  coun t r y  and abroad 
(see Sec t ion  1.5) !nay be i inpor tar l t  a s  
background i n f o r m a t i o n  f o r  rnakiqg dec i -  
s i o ~ s  about the sound, Froin our  c o l l e c -  
t i v e  know1 edge of d l 1  these s i m i l a r  
systems, i t  may be p o s s i b l e  t o  develop 
i nnova ti ve management schemes to  opt! m i  ze 
the  resource uses o f  them a l l .  

6.4 THE CHOWAN/ALREMARLE ACT I O N  PLAN--A 
CASE STUDY 

The Yor th  Ca ro l i na  k p d r t m e n t  o f  
Na tu ra l  Resources and Communi t y  Pevel op- 
rnent has developed a p l an  f o r  ~nanaqi ng 
water q u a l i t y  i n  the Chowan 9 i v e r  (No r t h  
Carol i n a  Di v i  son of Envi ronrnental P4anage- 
~ n e n t  1982). Research ac ti v i  t i e s  have been 
i n i  t i a  ted t o  determine the causes, char- 
a c t e r i s t i c s ,  and bes t  tileans t o  c o n t r o l  
a l g a l  bloolns i n  the Chowan R i ve r  and t o  
prevent  the171 from spreadi  ng i n  t o  A1 bemarl e  
Sound. Elements o f  t he  p l an  a re  i nc l uded  
here t o  i l l u s t r a t e  how an e f f e c t i v e  man- 
agellient p l an  r w s t  deal w i  t h  c o n f l i c t i n g  
rises and mu1 t i p l e  i n t e r e s t s .  

The p l an  dev i  sed a cornpl ex and 1 ong- 
term s t r a t e g y  t o  reduce n i  t rogen and 
phasphorus l oad ing  i n  the Chowan R i ve r  
wdtershed. While bo th  n i  t rogen  and phos- 
phorus a r e  r espons ib l e  f o r  blue-green 
a l g a l  blooins i n  the r i v e r ,  the S t a t e ' s  
managernen t p lan  p r i m a r i  1 y addresses phos- 
phorus (K l  irnek 19821, because phosphorus 
i s  thought t o  be more cheaply  and nore  
eas i  l y  reduced. Furthermore, blue-green 
a lgae can f i x  n i t r o g e n  fro111 t he  atmosphere 
(Paer l  1382) once t hey  are es tab l i shed ,  
and cdn pro1 i f e r a t e  even a t  1 ow n i  t rogen 
concen t ra t i  ons when phosphorus concentra-  
t i o n s  a re  h igh.  A model was developed t o  
p r e d i c t  a l g a l  response ( i n  terms of ch lo -  
rophyt 1 a concen t ra t i  ons) t o  phosphorus 
1 oading F i g u r e  48). This model g ives  a 
g rad i en t  of v e r i f i e d  l e v e l  s  o f  a lgae 
development rang ing  f r a n  very  low l e v e l s  
(hypothes ized when t h e  watershed was 
f o res ted )  t o  a1 gal b l o w  ssi t u a t i  ons w i  t h  
tcr-fay's load ing .  The? model p r e d i c t s  t h a t  
a  r educ t i on  a f  abaut  30% t o  402 o f  p resen t  



Tab1 e 19. Impor tan t  i ssues  i n  A? bemarle Sound and agencies o f  respons i b i l  i t y  
(Nor th  Ca ro l i na  O f f i c e  o f  Coasta l  Management, Raleigh; pers .  comm.) 

Issue Agency respons i  b1 e 

Peat m in i ng  

Mega farms 

Pol 1 u t an t s  

Non-poi n t  sources 

Sewage d isposa l  

Eu t r oph i ca t i on  

Freshwater d i  ve rs ion  t o  
V i r g i n i a  

Impoundlnents 

D e c l i n i r ~ y  f i s h e r i e s  

N.C. D i v i s i o n  o f  Land Resources 
N.C. M in ing  Commission 
N.C. O f f i c e  o f  Water Resources 
N.C. O f f i c e  o f  Coastal  Management 
U.S. Army Corps o f  Engineers 
U.S. Department o f  Energy 

U.S. Army Corps o f  Engineers 
N.C. O i v i s i o n  o f  Fores t  Resources 

U. S. Envi  ronmental P r o t e c t i o n  Agency 
M.C. fli v i s i o n  o f  Environmental  

Management 
N.C. O f f i c e  o f  Water Resources 
N.C. O f f i c e  o f  Coastal  Management 

N .C. 3 i  v i s i o n  o f  Environmental  
Yanagenent 

N.C. O f f i c e  o f  Coastal  Management 

N .C. Department o f  Human Resources 
U. S. Environmental  P r o t e c t i o n  Agency 

N.C. D i v i s i o n  o f  Environmental  
Management 

N.C. D i v i s i o n  o f  Environment 
Management 

U.S. Army Corps o f  Engineers 
N.C. O i v i s i o n  o f  W i l d l i f e  Resources 

N.C. D i v i s i o n  o f  Mar ine F i s h e r i e s  
N.C. O i v i s i o n  o f  Wild1  i f e  Resources 
N.C. O f f i c e  of Coastal  Management 
N.C. D i v i s i o n  of Envi  ronmental 

Management 
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IMPLEMENTATION 

CHLOROPHYLL RESPONSE TO PHOSPHORUS 
WADING REDUCTIONS / 

ANNUAL PHOSPHORUS gmlm' t yr 

Figure 48. Ckanges in average summer 
chlorophyll a in the lower Chowan River in 
response to'chariging phosphorus loading 
(From Kl iniek 1982) . 

phosphorus 1 oadi ng wi 11 be requi red to 
achieve algae population levels within the 
management pl an t a rge t  ( Fi  gure 48). 

With changing land use and population 
leve l s ,  nutr ient  loadings are projected to 
increase with time (Figure 49, Klimek 
1982). Assurni ng a 10-year imp1 emen ta t i  on 
plan, a cornbination of best inana ement 
practices (BMP1s) in agricul tu re  T i  .e . ,  
erosion,  f e r t i  1 i  zer ,  pesticide and anir~ial 
waste control ) , phosphate tletergent bans, 
and reduction of point source nutrient-  
r ich wastewater outputs by treatrrient 
and/or a1 terna t e  di  sposal were recommended 
ta  reduce rlutrients to target  levels 
( Figure 49). In  addi t i  on to proposed 30% 
t o  40% phosphorus input reductions, recom- 
rnenditti ons werp made to reduce ni trogen 

I 1 I I 
1880 1990 20W 2010 2020 

YEAR 

Figure 49. Variation in nutr ient  manage- 
ment a l ternat ive  effectiveness due to  
projected populat ion/l and use changes 
( f  rorn Kl i mek 1982) . 

inputs by 15% to 20%. The legal basis for  
regulating di scharges from point sources 
would be provided by s t a t e  designation of 
the Chowan River a s  "Nutrient Sensitive 
Waters." 

Thus, the successful implementation 
of th i s  plan will require the cooperation 
of industr ies ,  municipali t ies,  farmers, 
the agri cul ture industry,  and moni tor i  ng 
and permitting agencies, as we11 as a 
strong pub1 ic  educa t i  on program. Whether 
t h i s  strategy works and whether the man- 
agement plan wi 11 lead to improved f ish-  
e r ies  w i  11 not be known for  several years. 





10. Phytoplankton dis t r ibut ion i s  patchy 
and concentrations are highly vari - 
able. Chlorophyll 2 concentrations 
ref1 ec t  nearly eutropic condi t ions ,  
especi a1 l y  during sunmer. Bl ue-green 
a1 gae reach bl om condi t i  ons duri ng 
the summer of most years, especially 
in the lower reaches of the Chowan 
Ri ver . 

11. Concentrations of organic matter in 
the incorning water are high and are 
a n  important subsidy to  A1 hemarl e 
Sound's productivity. The highest 
concentrati ons occur during 1 a te  
summer and fa1 1 ,  corres pondi ng to 
plant die-off a t  the end of the grow- 
i  ng season. 

Nutrient concentrations a re  patchy 
b u t  adequate for abundant phyto- 
plankton growth. Phosphsrus and 
ni trogen concentrations are highest 
during winter and lowest during 
sutnner. The most abundant fonn of 
inorganic nitrogen i  s  ni t r a t e ,  b u t  
there are signi f i can t  concentrations 
of ammonia and ni t r i  t e .  The organic 
nitrogen pool i s  large and rnay be the 
inost abundant form of nitrogen i n  the 
estuary . 

13. A major microbi 01 agical problem, 
comnonly referred to as  red sore 
disease,  a f fec t s  the f i sher ies  of 
A1 bemarl e Sound. Also, a large por- 
ti on of A1 benlarle Sound i s  closed for  
co~nn~erci a1 she1 1 fi shi ng because of 
high concentrations of coliform bac- 
t e r i  a .  

14. No studies have been conducted i n  
Albemarle Sound to assess the phyto- 
plankton, zooplankton, o r  benthic 
cornmuni t i e s ,  d l  though current i  nves- 
t igat ions  o f  these groups i n  the 
Chowan River may f i l l  these gaps in 
our knowledge o f  the estuary. Dense 
beds of the freshwater clam - R a m  
cuneata occur in  the estuary. 

15, Nekton d ivers i ty  i n  Al bemarle Sound 
i s  I ow, characteri  s t i  c of 01 igohal jne 
es tuar ies .  The larqesc bi oinass 
occurs during winter and surnrner and 
the highest numbers occur during 
spring. 

16. Four qajor population types charac- 
t e r ize  the f i sher ies  of A1 bemarle 
Sound. Anadromous f i  sh ,  primari 1y 
bl uehack herring, a1 ewi fe ,  s t r i  ped 
bass, and shad, make spawning runs up 
the t r ibu ta r ies  during spring, and 
the young enter  the estuary during 
summer. Indigenous f ish  ( e -g . ,  cat- 
f i sh ,  white perch, yellow perch) make 
u p  a- large 'part of the winter bio- 
mass. A migratory population ( e  .g . , 
blue crabs, spot, Atlantic croaker) 
inhabits the eastern part  of the 
sound on a seasonal basis.  One im- 
portant catadromous species (American 
e e l )  inhabi ts  the estuary and leaves 
the area for oceanic spawning. 

17 .  Fishing has been important in Alhe- 
marle Sound since colonial times. 
Landings of f in f i sh  from A1 hemarl e 
Sound have decreased duri ng the past 
decade. Thi s  catch has tradi t i  onaf l y  
been dominated by r ive r  herring. 
There i s  some evidence that  over- 
fishing has decreased several of the  
anadromoucj f i sh  stocks in the sound. 

18. Landings of ca t f i sh  and blue crabs 
have increased in recent years. As 
some of the t radi t ional  catch de- 
creases,  the catch of other species 
i s  expected to increase as fishermen 
t r y  to supplement t he i r  income. 

19. Recreational fishing has tradi tion- 
a l l y  focused on striped bass and 
white perch. Both species show de- 
c? ines. 

20. Food chains and trophic s t ructure  in 
the A1 bemarl e Sound ecosystem have 
not been studied, b u t  oligohaline 
es tuar ies  generally have abbreviated 
food chains. Fast of the fishes are  
pl an kton or zoobent hos consumers, 
Because of the large influence of 
t r ibutary inputs,  the hasic trophic 
level of the 01 igohaline system i s  
typical 1y dominated by organic de t r i -  
tus  washed in from the watershed. 

21. Fish using es tuar ies  l i ke  A1 hemarle 
Sound sh i f t  the i r  food preference as 
they mature and arow. The youn9 of 
these f i  sh consurne zooplankton whi 1 e 
i n  the nursery, b u t  a t  the juvenile 



and a d u l t  stages they  s h i f t  t o  
benthos and f i s h .  

Es tuar ine  nursery  areas i n  A1 bemarle 
Sound are t y p i c a l l y  t h e  nearshore 
s h a l l  ow areas. These areas suppor t  
1 arge popu la t ions  o f  j u v e n i l e  f i  shes 
and s h e l l f i s h  impo r t an t  t o  t he  re -  
c r e a t i  onal and comrnerci a l  f i  sher ies  
o f  t h e  area. Most o f  the species 
us i ng  western A1 bemarle Sound nursery  
areas a re  anadromous f i s h  such as 
s t r i  p d  bass, a lew i  fe,  and blueback 
h e r r i n g .  A few m i g r a t o r y  species use 
t h e  more s a l i n e  eas te rn  p o r t i o n  o f  
A l  bemarle Sound as a nursery  area. 

The seasons i n  A1 bemarle Sound a re  
d e f i  ned by a combi n a t i o n  o f  t r i b u t a r y  
i n f l o w s  and water temperature. Fresh- 
water f l o w  from the  t r i b u t a r i e s  i s  
g r e a t e s t  d u r i n g  l a t e  w in te r  and e a r l y  
sp r ing .  Ma te r i a l  s  c a r r i e d  i n t o  t he  
system from upland dra inage s t i m u l a t e  
phy top lank ton  p roduc t i  v i  t y  as t he  
temperature increases.  Thi s  i s  f o l -  
lowed q u i c k l y  by an increase i n  zoo- 
p lank ton  p roduc t ion .  

Spawni ng mi g r a t i  ons o f  t h e  anadromous 
f i  shes u s i  ng A1 bema rl e Sound occur 
du r i ng  e a r l y  sp r i ng  and a re  t imed 
such t h a t  t he  peak abundance o f  juve-  
n i l e s  i n  the  sound corresponds t o  the  
t ime o f  maximum produc t ion  w i t h i n  t h e  
sound . 

26. A prominent  example o f  human a c t i v i t y  
i n  t h e  A1 bema r 1  e Sound ecosys tem has 
been the  c o n s t r u c t i o n  o f  dams on 
major  r i v e r  systems. This a c t i v i t y  
has d r a s t i c a l l y  decreased t he  spawn- 
i n g  runs o f  anadromous f i s h  i n  t h e  
r i v e r s  and has a f f e c t e d  t h e i  r spawn- 
i ng  success because of a l t e r e d  r i v e r  
f l ow.  The c o n s t r u c t i o n  o f  r e s e r v o i r  
darns has impacted the p r o d u c t i v i t y  of  
the sound by smoothing out seasonal 
v a r i a t i o n  i n  f l o w  ra tes ,  which may be 
necessary f o r  f l u s h i n g  and ma in ta i n -  
i n g  t he  balance o f  m a t e r i a l s  i n  t h e  
r e c e i v i n g  estuary .  

27. The q u a l i t y  o f  su r face  waters i s  
a f f e c t e d  by po l  1 u t i o n  from p o i n t  
sources and nonpoi n t  sources. N u t r i  - 
e n t  and organic  i n p u t s  from these 
sources a re  g r e a t l y  i n f l uenced  b y  
development and a c t i v i t i e s  on t h e  
1 and. 

25. The t y p i c a l  s p a t i a l  and temporal 29. 
re1 a t i o n s h i  ps i n  A1 bemarle Sound i n -  
vo lve  the ocean on one end and t he  
f reshwater  regime on t he  o t h e r  end. 
The anadromous species spawn i n  t he  
f reshwate r  t r i b u t a r i e s  cfuri ng t h e  
e a r l y  sp r i ng  o f  each year.  The young 
take advantage o f  the h igh  produc- 
t i v i  t y  i n  the  A1 bemarle Sound nur- 

28. The balance o f  f reshwate r  i n f l o w  and 
es tuary  volume i s  e s s e n t i a l  t o  main- 
t a i n  the t r a d i  ti onal habi t a t  charac- 
t e r .  A1 betnarle Sound b i  01 o a i c a l  

.. 
sery and then may leave  the  sound 
d u r i n g  the f a l l  t o  r e t u r n  t o  the  30. 
ocean a d u l t  pool.  The m i g r a t i n g  
f i s h e r i e s  such as spot and A t l a n t i c  
c roaker  spawn i n  t h e  ocean du r i ng  t h e  
w i n t e r  and the young en te r  t he  sound 
d u r i n g  the sp r i ng .  The sound serves 
as a nu r se r y  f o r  those species du r i ng  
t he  l a t e  sp r i ng  and summer. Juven i les  
m ig ra te  back t o  the  ocean adul t w o l  
du r i ng  fa1  l . 

systems a re  adapted t o  the predorni- 
n a n t l y  brac k i  sh condi ti ons, and con- 
ti nued present  1 eve1 s  o f  p roduc t ion  
are dependent on these condi t i o n s .  
Seasonal hi g  hs and 1 ows o f  f reshwate r  
i n p u t  are essen t i a l  t o  m a i n t a i n i n g  
p roduc t ion .  

Recent repor ted  va lues o f  economic 
a c t i  v i  t i e s  i n  t h e  A1 bernarle Sound 
reg i on  a re :  $180 m i l l i o n  f o r  farm 
products;  $100 m i l l i o n  f o r  t r a v e l  and 
tour ism; and $1 -4  m i l l i o n  f o r  com- 
merc ia l  f i shery land ings .  Obviously,  
rnanagernent agencies must 1 ook a t  a1 1 
s ides o f  a  management i s sue  and a t  
the  re1  a t i  ve economic r e t u rns ,  

I'lanagement of Alhe~nar le  Sound i s  
e s p e c i a l l y  d i f f i c u l t .  A l a r g e  por- 
t i o n  (70%) o f  t he  watershed l i e s  i n  
V i r g i n i a  and the sound l i e s  i n  No r t h  
Carol i na .  Thus management i nvol  ves 
goa ls  o f  two States.  Federal and 
State agencies have ove r l app i  ng j u r -  
i sdi c t i  ons over d i  f f e r e n t  resources 
o f  t h e  sound, scanietimes r a i s i n g  con- 
f i  i c t  i n  s e t t i n g  goal s. Therefore,  



inst i tut ional  e o d l  s and  activi t i es  inade to develop a comprehensive man- 
can he t r o - ~ b l  esow when a tternpts are agement plan. 

Figure 50. Albemarle Sound (photo by Dixie Berg). 
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