
PRIMARY PRODUCTIVITY AND MINERAL CYCLING IN AQUATIC 

IUCROPHYTE COIIMUNITIES OF THE CHOWAN RIVER, NORTH CAROLINA 

Mark M. Brinson and Graham J. Davis 
Department of Biology 

College of Arts and Sciences 
East Carolina University 

Greenville, North Carolina 27834 

The work upon which this publication is based was supported in part by funds 
provided by the Office of Water Research and Technology, U. S. Department of 
the Interior, as authorized under the Water Resources Research Act of 1964, 
as amended, and the Water Resources Research Institute of The University of 
North Carolina. 

Project No. B-079-NC 

Agreement No. 14-31-0001-5098, FY 1974 

September 1976 





We are particularly grateful for Martha Jones' stewardship of the 

laboratory facilities used for nutrient analysis and her performance of 

many of the plant nutrient analyses. Carol Lunney offered aid in preparing 

figures for the final copy and Sue Williams and Margaret Schiller typed 

many of the tables. We express appreciation to Patsy Sawyer for her 

patience and help in typing the manuscript. Dr. Edward Kuenzler offered 

many constructive criticisms in his review that prompted changes resulting 

in considerable improvement of the final draft. Finally we would like to 

thank members of the Chowan River Technical Committee for their suggestions 

throughout the study. 

Much of the demanding work of this study was done by Lacy BPanton and 

Robert Twilley, former graduate students in the Department of Biology at 

East Carolina University. Portions of their M.S. theses constitute the 

bulk of this report. Without their efforts this project could not have been 

completed. 



ABSTRACT 

The aquatic macrophyte communities of the lower Chowan River are 
dominated by the yellow water lily (Nuphar luteum) and the water willow 
(Justicia americana). Aerial surveys (370 m altitude) made in 1974-75 by 
means of overlapping photography of the shoreline revealed about 27 hec- 
tares of aquatic macrophyte stands in a 52 km sector of the river north 
of Albemarle Sound. An estimated 99 percent of the coverage was by Nuphar. 
Peak biomass of Nuphar ranged between 115 and 300 grams dry weight per 
square meter at three sites and net primary productivity was estimated at 
222 grams dry weight per square meter per year based on turnover rate of 
leaves and growth increments of rhizomes and roots. About 77 percent of 
the Nuphar biomass was in the sediments (roots and rhizomes) while 92 
percent of the annual net primary productivity occurred in aboveground 
structures (leaves, petioles, and reproductive parts). 

A radioisotope technique was employed to trace bidirectional movement 
of phosphorus in Nuphar. Upward translocation followed root absorption and 
downward translocation followed submersed leaf absorption of phosphorus. 
The two pathways occurred simultaneously in the same plant with the former 
dominating year round. These events, in addition to the summertime secre- 
tion by submersed leaves of phosphorus that was absorbed by roots, constitute 
a phosphorus "pump," whereby phosphorus is transferred from the sediments 
to the overlying water. 

Other inorganic nutrients, namely nitrogen, potassium, calcium, 
magnesium, and iron, were present in Nuphar and Justicia at concentrations 
generally within the ranges reported in the literature. Analysis of plant 
structures, rather than whole plants, allows for between-site comparisons 
that may be indicative of ambient levels of nutrients. For example, the 
phosphorus concentration in roots correlated with the phosphorus concen- 
tration in interstitial water and an acid extractable fraction of the 
sediments. 

Aquatic macrophytes are unlikely to affect the water quality and 
other uses of the lower Chowan River if current conditions prevail. 
Because of the restricted area of the shallow littoral, it is doubtful 
that aquatic macrophytes will have a significant impact on the productivity 
or nutrient status of the river system in the future. 
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SUllMARY AND CONCLUSIONS 

The two dominant aqua t i c  macrophytes i n  t h e  lower Chowan River a r e  
Nuphar luteum (yellow water l i l y )  and J u s t i c i a  americana (water willow). 
The d i s t r i b u t i o n  of the  l a t t e r  is  r e s t r i c t e d  t o  t h e  l i t t o r a l  near the  
mouth of the  r i v e r .  Net primary product iv i ty  of Nuphar could not  be 
estimated from monthly changes i n  biomass owing t o  l o s s e s  of p lan t  mater- 
i a l  between da tes  of harves t  and t h e  high degree of v a r i a t i o n  between 
samples taken wi th in  t h e  same p lan t  bed. Weekly tagging of leaves  
allowed an es t imate  of turnover r a t e s  f o r  aboveground product iv i ty  and 
measurement of rhizome growth was used a s  an es t imate  of rhizome and root  
product iv i ty .  The l i f e  span of f l o a t i n g  leaves  averaged 31 days f o r  an 
average turnover r a t e  of 5.7 times per growing season. This value  t i m e s  
t h e  mean biomass f o r  the  f l o a t i n g  leaves and p e t i o l e s  (23.4 g dry wt/m2) 
during t h e  growing season gave an  annual production of 133 g dry wt /m2  
f o r  those pa r t s .  By adding es t imates  from other  p lan t  p a r t s ,  t h e  t o t a l  
annual production by Nuphar was estimated a t  222 g dry wt/m2. While 77% 
of the  Nuphar biomass was below t h e  sediments, 92% of t h e  n e t  annual 
primary product iv i ty  w a s  by aboveground s t r u c t u r e s .  Peak biomasses f o r  
the  two Nu har study sites i n  1975 were 115 g dry  wt/m2 a t  Keel Creek and P7! 300 g dry  w t / m  a t  Wiccacon Creek. J u s t i c i a  reached a peak biomass of 
277 g dry w t / m 2  during August 1975 with 42% of t h e  t o t a l  biomass i n  t h e  
subs t ra te .  

Macrophyte coverage f o r  the  study a rea  between U.S. 17 and Winton 
was approximately 26.3 hec ta res  i n  1974 and s l i g h t l y  higher (27.7 hectares)  
i n  1975. Biomass of aqua t i c  macrophytes f o r  the  study a rea  i n  1975 was 
estimated a t  60.4 metr ic  tons (KC) f o r  Nuphar and 1.4 ETT f o r  J u s t i c i a .  

P a r t  of t h e  study was t o  evaluate  t h e  r o l e  of Nuphar i n  t h e  cycling 
of phosphorus (P) i n  t h e  lower Chowan River. Neasurements w e r e  made of 
(a) seasonal  and s p a t i a l  P concentrat ions i n  t h e  p lan t ,  (b) P f r a c t i o n s  
a v a i l a b l e  t o  t h e  p lan t  i n  t h e  sediment, and (c)  P f l u x  between p l a n t ,  
sediment, and overlying water. The P concentrat ion i n  t h e  aboveground 
biomass ( leaf  blades and p e t i o l e s )  peaked during e a r l y  spr ing (242 ug-at 
P/g OW)* while t h e  rhizomes declined i n  P concentrat ion during t h i s  
season. Rhizomes accumulated t h e  g r e a t e s t  amount (66.2%) of t h e  P bound 
i n  t h e  biomass of Nuphar followed by r o o t s  (10.6%) wi th  t h e  remainder 
d i s t r i b u t e d  among the  th ree  aboveground s t r u c t u r e s  ( f loa t ing  leaves  = 7.9%, 
submersed leaves  = 7.1%, p e t i o l e s  = 8.1%). Flowers, f r u i t s  and peduncles 

*OW = organic weight o r  ash-free dry weight; 1 ug-at P = 31 ug P. 

x i  



were only a minor portion of the P biomass. Total accumulation of P in 
the biomass of Nuphar during June in the lower Chowan River was 9.2 MT. 
At three sites, the biologically available phosphorus in the soil and the 
phosphorus in the roots correlated better (r = 0.90) than did interstitial 
water and root concentration (r = 0.74). 

Uptake, translocation, and subsequent secretion of phosphorus by 
Nuphar was studied under laboratory and field conditions using two radio- 
isotopes, 3 2 ~  and 33~. In the laboratory studies, roots had the greatest 
absorption rate of P,  submersed leaves were intermediate, and floating 
leaves had the lowest rate. An increase in the concentration of P 
resulted in increased absorption rates for submersed leaves and roots. 
In the Chowan River, 24-h experiments tracing P from both water and 
sediments into the plant were done simultaneously using a double isotope 
procedure with 3 2 ~  and 3 3 ~  during the winter, spring, and summer. Absorp- 
tion rates for roots were greatest in summer (1.72 pg-at/g dry wtoday) 
and lowest in winter(l.29 pg-at/g dry wtoday) while the highest absorption 
rate for submersed leaves was in spring (0.55 pg-at/g dry wt'day) and 
lowest in winter (0.29 ~g-at/g dry wt-day). In both laboratory and field 
experiments translocation of P absorbed by roots occurred more rapidly 
and extensively than with submersed and floating leaves. A bidirectional 
flux of P was measured in Nuphar with the dominant pathway from belowground 
to aboveground structures. The flux of P between the aboveground and 
belowground structures varied between winter, spring, and summer and the 
translocation rates were affected more by the seasons than the absorption 
rates. Secretion from submersed leaves and roots was observed only during 
the summer, 

Decennposition studies showed that once the aboveground structures 
died, the P was quickly regenerated back into the system (half-time ca. 
8 days). Calculations of P flux from biomass to detritus was based on 
production rates of Nuphar which equaled 3.2%  day. During the summer 
months, the rate of P movement from the aboveground to the detrital 
compartment was 174 ug-at/m2 day of which 130 ug-at/m2*day originated 
from the substrate via root absorption and translocation. By adding the 
daily rate of secretion, which also represented regeneration of P from the 
substrate, the net loss of P from the sediments during the summer via 
decomposition and secretion was 201 ug-at /m2* day. The significance of 
these results is that Nuphar functions as a nutrient pump resulting in a 
net flux of P from belowground to aboveground structures and the water 
column. 

The radioactive tracer estimates of P inputs by absorption and trans- 
location to aboveground biomass were only 11% of the values calculated by 
multiplying daily biomass production by P concentrations. Possibly P 
absorbed by Nuphar is converted to a storage product and later redistri- 
buted via translocation. A 24-h experiment may be too brief to measure 
this proposed redistribution movement of P because of lag time from 
absorption to storage to translocation. 

The elemental composition of Nuphar and Justicia was determined for 
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nitrogen, potassium, calcium, magnesium and iron. Leaves of both species 
tended to have highest elemental levels with the exception of iron, which 
was highest in roots, and potassium, which was highest in Nuphar petioles. 
Nuphar roots growing at locations with highly organic sediments had hfgher 
iron concentrations than those in sandy sediments. For elements that were 
selectively accumulated by individual structures, between site differences 
would have been masked by pooling samples and analyzing whole plants. 
None of the seasonal mean concentrations for structures of Nuphar and 
Justicia fell below the proposed critical level for aquatic macrophytes 
of 1.3% dry weight for nitrogen of 0.13% for phosphorus. 

Owing to the steep relief and high wave energy of most of the littoral 
of the lower Chowan River, it is unlikely that rooted aquatic macrophytes 
will ever become a dominant feature of the river system. Macrophyte bio- 
mass of the river is much too low for accumulated plant nutrients to have 
a significant control over nutrient cycling in the river. The replacement 
of floating leaved and emergent macrophytes by submersed forms, which 
could result from increasing water clarity, is unlikely to occur in 
nuisance proportions even if the species are normally regarded as nuisance 
species. 
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RECOMMENDATIONS 

Aerial photography at low altitudes is recommended as a time and cost 
efficient method for determining coverage of floating-leaved and 
emergent aquatic macrophytes. Following photography, biomass surveys 
can be designed to provide an estimate of biomass. Biomass should 
always include underground parts, as they may constitute greater than 
58 percent of the total. The total biomass, multiplied by a measured 
elemental component of plant tissue, will give a first order approxi- 
mation of the amount of that element immobilized by the plant and 
whether plant communities may be important in the regulation of 
nutrient cycling. 

Radiotracer techniques provide a useful tool for determining pathways 
of nutrient movement in vascular aquatic plants. By using two radio- 
isotopes of phosphorus, 3 2 ~  and 3 3 ~ ,  studies on pathways of phosphorus 
movement can be simplified by simultaneously examining rates of 
absorption and translocation from more than one absorption site. The 
data from short term experiments should be interpreted with a great 
deal of caution, especially if they are to be extrapolated to longer 
time periods. Field data on the nutrient accumulation in new growth 
during a growing season provides a basis with which radiotracer values 
may be compared. 

To better understand the significance of nutrient distribution in aquatic 
plant communities, individual structures should be analyzed when pos- 
sible, rather than whole plants. Data on nutrient concentrations from 
whole plant analyses are dominated by large structures that may be 
relatively insensitive to ambient levels of available nutrients. 
Absorbing parts such as submersed leaves, and particularly roots, may 
correlate well with nutrient availability and thus allow deductions 
on differences in nutrient supply between sites. 
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Objec t ives  of Study 

T h i s  s tudy  was designed t o  g a i n  a b e t t e r  understanding of t h e  r o l e  of 
a q u a t i c  vascu la r  p l a n t s  i n  t h e  cyc l ing  of e la i len ts  i n  a q u a t i c  e c o s y s t e m ,  
The s tudy  a r e a  w a s  t l ie l i t t o r a l  of t h e  lower Chowan River  where two spec i t  
dominate--11upha~ luteulli (L,)  S ib thorpe  G Smith (yellow water  l i l y  o r  
spa t t e rdock) ,  and J u s t i c i a  americana (L.) Vahl. (water wi l low) .  Our s t u d j  
focused on liuphar s i n c e  i t  was more widely d i s t r i b u t e d  than  J u s t i c i a ,  

i h e  ~ l i n e r a l  cyc l ing  of p l a n t  corrulzunities i s  n e c e s s a r i l y  c l o s e l y  i n t e l  
r e l a t e d  w i t h  their pr i i ia ry  p r o d u c t i v i t y ,  However, t h e  r a t e s  between t h e  
two nay n o t  be  p e r f e c t l y  c o r r e l a t e d  owinb t o  t h e  phenomenon of luxury  
n u t r i e n t  uptake (Gerloff and 1l;ro~ilbholz 196G) and s e c r e t i o n  of i n o r g a n i c  
n u t r i e n t s  n o t  accompanied by o rgan ic  carbon s e c r e t i o n .  These d e v i a t i o n s  
u s u a l l y  can be  d is regarded  w i t h  l i t t l e  s a c r i f i c e  i n  accuracy,  i f  es t imate:  
of n u t r i e n t  cyc l ing  a r e  c a l c u l a t e d  by mul t ip ly ing  t h e  n e t  primary yroduc- 
t i o n  by t h e  n u t r i e n t  concen t r a t ion  of t h e  p l a n t  m a t e r i a l  produced. The 
accuracy of t h i s  estimate can be  iuproveu by c a l c u l a t i n g  s e p a r a t e l y  t h e  
p r o d u c t i v i t y  and n u t r i e n t  concen t r a t ions  of each p l a n t  p a r t  on a seasonal  
b a s i s .  u r y  ma t t e r  product ion  by p l a n t  communities (ne t  primary produc- 
t i v i t y )  i s  i n  i t s e l f  a n  iraportant e c o s y s t a l  a t t r i b u t e  s i n c e  h ighe r  t rophi t  
l e v e l s  depend on t h i s  energy source  f o r  maintenance, growth, and occasion. 
a l l y  h a b i t a t ,  

I n  this s tudy  w e  taeasured t h e  n e t  p r i n a r y  p r o d u c t i v i t y  of Nuphar and 
determined annual  phosphorus accumulation by t h e  uethod j u s t  mentioned. 
I n  a d d i t i o n ,  i n s t an t aneous  r a t e s  of phosphorus uptake and t r a n s l o c a t i o n  
were tleasured i n  Nuphar i n  t h e  l a b o r a t o r y  and t h e  f i e l d ,  F i n a l l y ,  t h e  
n u t r i e n t  c o q o s i t i o n  of Juphar  and J u s t i c i a  p l a n t  t i s s u e  was d e t e m i n e d  
f o r  n i t rogen ,  calcium, potassium, magnesium, and i r o n .  l h e  e x t e n t  t o  
which t h e  n u t r i e n t  composition v a r i e s  among p l a n t  p a r t s  and between s i t e s  
is considered,  and coiilparisons a r e  made w i t h  publ ished va lues .  

Desc r ip t ion  of Study Area 

The Chowan x i v e r ,  l o c a t e d  i n  t h e  n o r t h e a s t e r n  c o a s t a l  p l a i n  of North 
Caro l ina  (P ig ,  I ) ,  o r i g i n a t e s  a t  t h e  confluence of t h e  i i laclmater  and 
Nottaway Kivers  near  t h e  llort'n Carol ina-Virginia  boundary and f lows  i n t o  
t h e  Albeuarle  Sound nea r  Edenton, d o r t h  Caro l ina  8 1  la t o  t h e  south ,  1hi 
l e n g t h  of r i v e r  has  a s u r f a c e  a r e a  of app rox iua t e ly  116 k d ,  The lkieherri 
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Figure 1. The Chowan River study a rea  located  i n  the  nor theas tern  
c o a s t a l  p l a i n  of liorth Carolina. 



Xiver,  which j o i n s  t h e  Chowan River j u s t  above Winton, 14. C, , a r i s e s  i n  
sou theas t e rn  V i r g i n i a ,  The t o t a l  d ra inage  b a s i n  of t h e  Chowan River  i s  
12,800 liul2 of w.nich 3,269 km2 l i e s  w i t h i n  i ior th Caro l ina  (Smith 1963),  
The s e c t o r  of t h e  Chowan River  chosen f o r  t h i s  s tudy  l i e s  between t h e  
U , S ,  highway 17 b r i d g e  near  Edenton, North Caro l ina  and extends 52 km 
northward t o  t h e  U,S, highway 13 b r idge  near  Winton, Worth Caro l ina  
(36'03'14 t o  36°23t1i and 76'41t\? t o  76'56'WW) (Fig,  1 ) .  Of t h e  60% of t h e  
watershed which i s  f o r e s t e d ,  most i s  i n  upland f o r e s t ,  The remainder 
c o n s i s t s  of a g r i c u l t u r e  (27%) and swamp (13%) (Department of Natura l  and 
Economic Resources 1972).  The swamps border ing  rmch of t h e  lower Chowan 
d i v e r  and i t s  t r i b u t a r i e s  a r e  dominated by Hyssa a q u a t i c a  (water tupe lo)  a 
Taxodium dis t ichum (bald cypres s ) ,  and a r e  s u b j e c t  t o  f r e q u e n t  f l ood ing  
by wind t i d e s ,  

The l i t t o r a l  v a r i e s  g r e a t l y  w i t h i n  t h e  s tudy  a r e a ,  The e f f e c t  of 
wind wave a c t i o n  on sho re  e r o s i o n  i s  g r e a t l y  pronounced i n  t h e  lower 36 Im 
of t h e  r i y e r  sou th  of fIoliday I s l and  ( B e l l i s  e t  a l .  1975) ,  Throughout t h e  
s p r i n g  and summer months, a f t e rnoon  thunderstorms occur  f r e q u e n t l y ,  These 
even t s  c r e a t e  g r e a t  wave stresses on t h e  l i t t o r a l  zone dur ing  t h e  growing 
season  f o r  a q u a t i c  macrophytes, The l i t t o r a l  above IIoliday I s l a n d  i s  
sub jec t ed  t o  cons iderably  l e s s  wave stress owing t o  t h e  reduced r i v e r  
wid th  ( l e s s  than  1 knl) and the s h e l t e r  provided by surrounding swamp 
f o r e s t .  Below Holiday I s l a n d  t h e  r i v e r  wid th  i s  a t  i t s  maxirnur;~ (2-4 hi) 

al lowing  f o r  g r e a t e r  f e t c h  which r e s u l t s  i n  l a r g e r  waves compared w i t h  
t h e  upper p o r t i o n  of t h e  r iver ,  Eecause of t h e  slow c u r r e n t  i n  t h i s  
reg ion ,  t h e  river h a s  c h a r a c t e r i s t i c s  of a  l a k e ,  The e f f e c t s  of l u n a r  
t i d e s  a r e  n e g l i g i b l e  (0 ,3  rn) b u t  t h e  system is inf luenced  by wind t i d e s  
t h a t  vary  by a s  much as 1 , 2  m a t  i r r e g u l a r  i n t e r v a l s  (Daniel,  I11 1975) ,  
A s  expected, t h e  water  temperature i n  sha l low l i t t o r a l  a r e a s  v a r i e s  w i th  
t h e  seasons  w i t h  a maximum i n  August of 3 2 ' ~  and a low of 4'C i n  January 
(F ig ,  2). 

F ive  s i t e s  w i t h i n  t h e  s tudy  area were sampled i n t e n s i v e l y :  Black 
Eock, Rockyhock Creek, Keel Creek, Ind ian  Creek, and Wiccacon Creek 
(F ig ,  1). A l l  b u t  Black Rock a r e  l o c a t e d  a t  t h e  mouths of t r i b u t a r i e s  
which tend t o  b e  more p ro t ec t ed  from waves than  t h e  open r i v e r ,  

A t  Black Rock, where J u s t i c i a  was sampled, t h e  bed w a s  a s s o c i a t e d  w i t .  
a  few ba ld  cypress  t h a t  a f fo rded  l i t t l e  p r o t e c t i o n  from t h e  open r i v e r ,  
The sediment w a s  predominately sandy w i t h  a  mixture  of o rgan ic  p a r t i c l e s  
(bark, wood ch ips ,  e t c , ) .  Rockyhock Creek s u p e r f i c i a l l y  had a  sediment 
s i m i l a r  t o  t h a t  of Black Rock and much of t h e  l i t t o r a l  of t h e  lower r i v e r ;  
however, a  gray  c l a y  base  occurred a t  va ry ing  dep ths  below t h e  sand, 
u s u a l l y  ca.  20 cm, Eoth Nuphar and J u s t i c i a  were sampled a t  dockyhock 
Creek and t h e  phosphorus r a d i o t r a c e r  experiments were done t h e r e ,  This  
was t h e  only  s i t e  where J u s t i c i a  and liuyhar beds overlapped,  J u s t i c i a  bed: 
a r e  r e s t r i c t e d  t o  a r e a s  sou th  of Keel Creeh where breaking waves o f t e n  
occur ,  A submersed, b u t  y e t  u n i d e n t i f i e d ,  a q u a t i c  angiosperm was roo ted  
i n  t h e  J u s t i c i a  bed a t  I~ockyhoclc Creek, Although i t s  t ape - l i ke  l e a v e s  
were s i n i l a r  t o  a  dwarf V a l l i s n e r i a ,  t h e  l e a f  b l ades  seldom exceeded a few 



Figure 2. Piaxbum and minimum water temperatures recorded at the mouth 
of Rockyhock Creek during 1974 and 1975. 



cen t i r i e t e r s  i n  l e n g t h ,  Flowers or  f r u i t s  were never p r e s e n t  t o  a l low posi-  
t i v e  i d e n t i f i c a t i o n .  

The Indian  Creek s i t e  was s i u i l a r  t o  t h a t  of Xockyhock Creek except  
t h a t  no J u s t i c i a  was encountered,  The s i t e  was chosen so  our  sampling a re .  
would no t  b e  r e s t r i c t e d  t o  t h e  lower r i v e r  below Holiday I s l a n d ,  

The sediments a t  Keel Creek and Wiccacon Creek are h i g h l y  o rgan ic  
which d i s t i n g u i s h e s  them from t h e  s i t e s  j u s t  descr ibed .  Keel Creek, below 
Holiday I s l and ,  i s  a s e r i e s  of d e n d r i t i c  t r i b u t a r i e s  p e n e t r a t i n g  swamp 
f o r e s t .  The sediments of t h e  l i t t o r a l  l a c k  c o n s o l i d a t i o n  and can be  
cha rac t e r i zed  a s  a h i g h l y  o rgan ic  ooze, The border ing  swamp f o r e s t  i s  
appa ren t ly  t h e  source  of t h e  sediment and t h e  da rk ly  s t a i n e d  wa te r s  i n  t h e  
c reek ,  

The Wiccacon Creek sediments are a l s o  organic ,  b u t  c o n s i s t  of compact 
p e a t  r a t h e r  than  a f l o c c u l e n t  ooze a s  a t  Keel Creek, While Keel Creek 
r e c e i v e s  a l l  d ra inage  from a ve ry  smal l  a r e a  of swamp f o r e s t ,  t h e  wa te r s  
a t  t h e  Wiccacon Creek s i t e  are from t h e  Chowan River  o r  Wiccacon Creek, 

T h e  Chowan River  i s  a h i g h l y  product ive  r i v e r  t h a t  suppor t s  a major 
comnercial  f i s h i n g  i n d u s t r y  as w e l l  a s  s p o r t s  f i s h i n g .  Beginning i n  1970, 
a l g a l  blooms of unprecedented p ropor t ions  were r epo r t ed  and by 1972 had 
become seve re  i n  t h e  middle and lower s e c t i o n s  of t h e  r i v e r ,  Since t h a t  
year ,  t h e  blooms have been l e s s  severe ,  a l though some troublesome a l g a l  
b1001~s occurred dur ing  t h e  summer of 1976. Wutr ient  i n p u t s  t o  t h e  Chowan 
~ : i v e r  i nc lude  i n d u s t r i a l  sources  such a s  t h e  pulp  i n i l l  on t h e  Blackwater 
River  a t  F rank l in ,  V i r g i n i a ,  and a f e r t i l i z e r  p l a n t  a t  Tunis ,  j u s t  below 
Winton, urban a r e a s  and a g r i c u l t u r a l  runoff  a r e  poss ib ly  impor tan t  
sou rces ,  Natura l  i n p u t s  i n c l u d e  runoff  from f o r e s t e d  l and  and swamp d r a i n  
age ,  

Desc r ip t ion  of P l a n t s  
- .  

Nuphar luteum, t h e  f l o a t i n g  leaved angiosperm on which t h i s  s tudy  
focused, i s  t h e  dominant macrophyte i n  t h e  Chowan River ,  It grows i n  
predominately rnonospecific s t a n d s  i n  water  depth  from 0,5 t o  2 m on a 
v a r i e t y  of sediment types .  Nuphar i s  he t e rophy l lous  (a  s i n g l e  p l a n t  bear- 
i ng  two o r  more d i f f e r e n t  l e a f  t ypes ) ,  bearing, submersed l e a v e s  w i t h  s h o r t  
p e t i o l e s  and f l o a t i n g  l e a v e s  wi th  long,  h i g h l y  f l e x i b l e  p e t i o l e s  (F ig ,  3 ) ,  
The submersed l e a v e s ,  which have a reduced c u t i c l e  and epidermis 
(Scul thorpe 1967),  are f l a c c i d  and t r a n s l u c e n t ,  and a r e  e a s i l y  t o rn .  W h i l r  
submersed l e a v e s  p e r s i s t  throughout t h e  yea r ,  f l o a t i n g  l e a v e s  occur  only  
dur ing  t h e  growing season t h a t  extends from A p r i l  t o  October. They a r e  
extremely tough and t o l e r a t e  cons ide rab le  wave a c t i o n  w i t h  l i t t l e  apparent  
daaage. The f lowers  are borne on peduncles t h a t  ma in t a in  them above t h e  
water  su r f ace ,  owing t o  t h e  buoyancy of t h e  spongy a i r - f i l l e d  t i s s u e .  A l l  
t h e s e  aboveground s t r u c t u r e s  develop from rhizome a p i c e s ,  



Figure 3 ,  Photograph of Nuphar luteum from t h e  Chowan River ,  North 
Carol ina.  S t ruc tu res  r e f e r r e d  t o  i n  t e x t  a r e  f l o a t i n g  
l e a v e s  (FL) , submersed l eaves  (SL) , p e t i o l e s  (P) , 
reproduct ive  p a r t s  (RP), rhizomes (RH), and r o o t s  (RO), 
The f l o a t i n g  l eaves  a r e  approximately 15-20 c m  wide. 



The pe renn ia l  and dichotor;zously branched rhizomes of Nuphar a r e  f l e s h y  
and have l a r g e  l e a f  ( p e t i o l e )  s c a r s  on t h e i r  s u r f a c e s .  extend down- 
ward along t h e  l e n g t h  of t h e  rhizome and a r e  f r e q u e n t l y  30-40 cm long.  A s  
t h e  rhizomes cont inue  t o  branch and e longate ,  i n d i v i d u a l s  a r e  perpe tua ted  
i n d e f i n i t e l y  which r e s u l t s  i n  t h e  formation of e x t e n s i v e  c lones  (Ueal 1956, 
DePoe and Beal 1969),  Reproduction may be  sexual ,  b u t  is  l ack ing  i n  w e l l  
e s t a b l i s h e d  beds,  

J u s t i c i a  americana i s  a l s o  pe renn ia l ,  b u t  i s  a n  emergent angiosperm 
wi th  f l & i b l e  steias (Fas se t t  1972),  Leaves a r e  borne almost e n t i r e l y  on 
e r e c t  a e r i a l  stems a s  a r e  t h e  f lowers ,  Rhizomes a r e  s u p e r f i c i a l l y  s i r ~ i l a r  
i n  morphology t o  t h e  e r e c t  stems, and w i t h  t h e i r  r o o t s ,  f o m  e x t e n s i v e  mats 
a t  t h e  s u r f a c e  of t h e  sediments .  During senescence i n  autumn, t h e  stems 
f i r s t  break a t  t h e  water  level. Continued f ragmenta t ion  of stem con t inues  
t o  w i t h i n  a few cen t ime te r s  of t h e  sediment,  During t h e  fo l lowing  growing 
season  new stems i n i t i a t e  from t h e  nodes of t h e s e  remnant s tems o r  from 
t h e  s u p e r f i c i a l  rhizomes. Establ ishment  of new p l a n t s  by sexua l  reproduc- 
t i o n  was never  observed i n  J u s t i c i a  dur ing  t h e  course  of t h i s  s tudy ,  



PRIi4AEY PRODUCTIVITY AND BIOLUS S DISTRIBUTION 

Lacy b, Blanton, Jr. 

In t roduc t ion  

The importance of rooted  a q u a t i c  macrophytes a s  primary producers  i n  
t h e  l i t t o r a l  zone of l o t i c  ecosystems too o f t e n  has  been assumed t o  be 
i n s i g n i f i c a n t ,  However, as streams and r i v e r s  i n c r e a s e  i n  s i z e ,  and 
decrease  i n  v e l o c i t y  of flow, t h e  importance of pr imary p r o d u c t i v i t y  of 
l o t i c  phytoplankton and a q u a t i c  macrophytes i n c r e a s e s  (Westlake 1973; 
Wetzel 1975, pp, 545-546), O i r e c t  c o n t r i b u t i o n s  of a q u a t i c  v e g e t a t i o n  may 
b e  an important  energy source  a f f e c t i n g  v a r i o u s  t roph ic  l e v e l s ,  e s p e c i a l l y  
a s  a n  energy source  f o r  decomposers ( b a c t e r i a  and fung i )  a s  w e l l  a s  f o r  
d e t r i t u s  f e e d e r s  (Westlalie 1965).  

icooted a q u a t i c  macrophytes a r e  o f t e n  considered important  t o  a q u a t i c  
animals  by provid ing  suppor t ,  s h e l t e r ,  food, and oxygen. When decomposition 
occurs ,  a q u a t i c  macrophytes c o n t r i b u t e  d i r e c t l y  t o  t he  s t o c k  of o rgan ic  
d e t r i t u s  which i n  t u r n  g i v e s  t h e  system metabol ic  s t a b i l i t y  (Penfound 1956; 
Wetzel 1975, p ,  546).  When n o t  p re sen t  i n  e x t r e u e  amounts, a q u a t i c  macro- 
phytes  i n c r e a s e  s p e c i e s  d i v e r s i t y  by c r e a t i n g  h a b i t a t s  f o r  organisms n o t  
a v a i l a b l e  i n  a  system wi th  f l o r a  e n t i r e l y  of phytoplankton, Thus, a  h igh  
s p e c i e s  d i v e r s i t y  w i l l  tend t o  i n c r e a s e  t h e  s t a b i l i t y  of a q u a t i c  ecosystems 
a s  a  r e s u l t  of a more complex food web (Boyd 1971).  

d e t  prizoary p r o d u c t i v i t y ,  a s  def ined  by Westlake (1965), is  t h e  rate 
of accumulation of new organic  ma t t e r ,  o r  s t o r e d  energy; t h a t  i s ,  t h e  
observed change i n  biomass p l u s  a l l  l o s s e s  except  r e s p i r a t i o n ,  d iv ided  by 
t h e  time i n t e r v a l .  However, i f  l o s s e s  a r e  cont inuous throughout growth, 
t hen  methods us ing  changes i n  biomass a r e  d i f f i c u l t  t o  i n t e r p r e t .  
These cond i t i ons  r e q u i r e  s p e c i a l  i n v e s t i g a t i o n s  of such l o s s e s .  

Ea r ly  s t u d i e s  of a q u a t i c  macrophytes o f t e n  express  peak aboveground 
biomass o r  s easona l  maximum s tanding  crop a s  annual  n e t  product ion.  
Severa l  f a c t o r s  should be considered p r i o r  t o  such a n  i n t e r p r e t a t i o n ,  I f  
t h e r e  a r e  few l o s s e s  of t h e  c u r r e n t  y e a r ' s  product ion,  o r  d e t e r u i n a t i o n  of 
t h e  l o s s e s  a r e  poss ib l e ,  then  peak b iouass  may be  a  u s e f u l  paraineter of 
product ion  (Westlake 1969).  Westlake (1965) r e p o r t s  t h a t  some s p e c i e s  have 
been observed t o  have two maxima o r  peaks a t  d i f f e r e n t  t imes of t h e  year  
f o r  d i f f e r e n t  l o c a t i o n s .  

Pe renn ia l s  p re sen t  a d d i t i o n a l  p r o b l e m  due t o  t h e i r  morphology and 



phenology of t h e  p l a n t s  and p l a n t  p a r t s ,  I n  many s t u d i e s  involv ing  
pe renn ia l s ,  belowground biomass ( r o o t s  and rhizomes) is  assumed t o  be  
n e g l i g i b l e .  This  assumption i s  erroneous when underground organs can 
be more than  ha l f  t h e  t o t a l  bioinass of Phragruites communis and Nuphar 
l u t e a  a s  w e l l  as o t h e r  s p e c i e s  (Westlake 1968, 1969; Wetzel 1975, p ,  379).  - 
I n  a d d i t i o n ,  very  l i t t l e  in format ion  e x i s t s  concerning t h e  age o r  turn- 
over r a t e  of underground organs ,  Without t h i s  necessary  growth para- 
meter,  many yea r s  of biomass accumulation w i l l  tend t o  ove res t ima te  
belowground product ion  i f  t h e  seasonal  maximum s t and ing  crop i s  used a s  
an  eva lua t ion  of annual  product ion  (Westlake 1966),  

Cse of te rmina l  biomass, which i s  normally sampled a t  t h e  end of t h e  
growing season a s  a measure of average p r o d u c t i v i t y , i s  t o  b e  discouraged 
due t o  biomass l o s s e s  a s  a r e s u l t  of dea th ,  damage, and graz ing .  Ue- 
pending upon e n v i r o m e n t a l  f a c t o r s  (storms, wave stress, e ros ion ,  e t c .  ) , 
dea th  and damage r a y  account  f o r  s i g n i f i c a n t  biomass l o s s e s ,  Wetzel 
(1975, p. 380) r e p o r t s  v a l u e s  of graz ing  l o s s e s  ranging  from 0.5 t o  8 
pe rcen t  of t h e  annual  product ion,  

The purpose of t h i s  s tudy  was t o  measure t h e  n e t  primary p r o d u c t i v i t y  
and biolnass d i s t r i b u t i o n  of a q u a t i c  macrophytes i n  t h e  lower Chowan g i v e r .  
In  t h i s  s tudy,  rnonthly changes i n  biomass p l u s  any l o s s e s  of p l a n t  
m a t e r i a l  were included i n  t h e  e s t ima t ion  of n e t  primary p r o d u c t i v i t y  of 
Nuphar luteum, Because f l o a t i n g  l e a v e s  and p e t i o l e s  c o n t i n u a l l y  emerged 
and d i ed  throughout t h e  growing season, de te rmina t ion  of t h e i r  tu rnover  
rate w a s  necessary.  I n  a d d i t i o n ,  t h e  age o r  tu rnover  r a t e  of below- 
ground s t r u c t u r e s  was determined s i n c e  a l a r g e  p o r t i o n  of t h e  t o t a l  
biomass appeared t o  be  i n  t h e  s u b s t r a t e ,  The de t e rmina t ion  of n e t  primary 
p r o d u c t i v i t y  was es t imated  f o r  J u s t i c i a  americana by peak biomass. 

H a t e r i a l s  and Methods 

Primary Productivity- 

Harvest method 

Uependirig upon t h e  type  of v e g e t a t i o n  t o  be sampled, s e v e r a l  f a c t o r s  
should be  considered p r i o r  t o  choosing a h a r v e s t  method f o r  measuring n e t  
primary p r o d u c t i v i t y ,  One important  f a c t o r  i s  sample s i z e .  Gathering,  
t r a n s p o r t i n g  and process ing  biomass samples i s  t ime consuming and c o s t l y  
due t o  l a r g e  q u a n t i t i e s  of p l a n t  m a t e r i a l  encountered i n  roo ted  macrophyte 
commni t i e s ,  Therefore,  many i n v e s t i g a t o r s  s tudying  rooted  a q u a t i c  macro- 
phytes  have found i t  necessary  t o  reduce t h e  s i z e  of t h e  sample quadra t  t o  
o b t a i n  a manageable amount of m a t e r i a l  f o r  a n a l y s i s  ( P e a r s a l l  and Gorham 
1956, Waring 1970).  However, by reducing t h e  a r e a  of t h e  sampling quadra t ,  
i n c r e a s e s  i n  e r r o r  due t o  t h e  "edge" e f f e c t  have been observed ( P e a r s a l l  
and Gorham 1956, Smith 1964).  

For t h i s  s tudy ,  a , . l i t ab l e  quadra t  s i z e  was determined dur ing  June 1974 



with a method described by Wiegert C1962). Six s e t s  of nested quadrats  
(0.10 m2, 0.25 m2, and 0.50 m2) were placed randomly along a t r a n s e c t  
perpendicular t o  t h e  shore l ine  across  t h e  width of t h e  rilacrophyte bed. 
A l l  p l an t  biomass i n  each quadrat was removed t o  a sediuent  depth of 
approximately 30 cm; then a l l  l i v i n g  plant  ma te r i a l  was dr ied  and weighed, 
By add i t ion  and subtrac t ion,  s i x  poss ib le  uadrat  s i z e s  were obtained 4 with the  following r e l a t i v e  areas:  0.10 m , 0.15 m2, 0.25 m2, 0.35 m2, 
0.40 m2, and 0.50 m2. A mean and var iance  was ca lcula ted  f o r  each quad- 
r a t  s i ze .  By p l o t t i n g  the  r e l a t i v e  var iance  of the  mean aga ins t  quadrat  
s i z e ,  the  smal les t  quadrat s i z e  of 0.10 m2 was excluded from considera- 
t i o n  because of i t s  comparatively high var iance  (Fig, 4) .  A quadrat  

2 s i z e  of 0,35 m was chosen f o r  rgu t ine  sampling because i t  represented a 
compromise between t h e  minimum variance and the  maximum quadrat  s i z e ,  
This s i z e  was used f o r  both Nuphar and J u s t i c i a .  

The loca t ion  of macrophyte beds f o r  biomass sampling was determined 
from a e r i a l  photography taken i n  August 1974, Four macrophyte s t ands  
( th ree  of Nuphar and one of J u s t i c i a )  were chosen f o r  in tens ive  sampling 
each month during the  growing season t o  represent  a range of s u b s t r a t e  
types i n  t h e  upper and lower por t ion  of the  Chowan River (Fig. 1 ) .  Two 
sample sites were es tabl ished a t  t h e  mouth of Rockyhock Creek. Both 
Nuphar and J u s t i c i a  were found growing i n  a sandy sediment which appeared 
t o  be influenced by shore eros ion a s  a r e s u l t  of wave ac t ion ,  J u s t i c i a  
had colonized the  apparently more s t r e s s f u l  a r e a s  while Nuphar occupied 
a less exposed area .  Some overlapping of the  rnacrophyte s tands  occurred 
but  t h i s  condi t ion  appeared t o  be r e s t r i c t e d  t o  Rockyhock Creek, Water 
depth wi th in  the  macrophyte bed ranged from 0.3 m t o  1 , 5  m, 

The t h i r d  sampling s i te  f o r  Nuphar was s i t u a t e d  i n  t h e  lower por t ion  
of t h e  r i v e r  a t  t h e  mouth of Keel Creek. Owing t o  t h e  high organic 
matter  content  of t h e  sediment, harvest ing was much e a s i e r  than i n  sandy 
sediments. Large q u a n t i t i e s  of filamentous a lgae  (Spirogyra and 
O s c i l l a t o r i a )  were growing among the  aboveground p l a n t  s t r u c t u r e s ,  Water 
depth ranged from 0.3 m t o  2 m from t h e  shore t o  t h e  ou te r  margin of the 
macrophyte bed. 

The four th  sampling loca t ion  was a t  the  mouth of Wiccaeon Creek i n  
t h e  upper por t ion  of the  r i v e r .  The red a lga  Batrachospermum was 
found growing on many of t h e  decomposing l o g s  and stumps wi th in  t h e  
macrophyte bed. Water depth ranged from 0.5 m t o  2 m, 

A s t r a t i f i e d  random sampling design was used f o r  biomass determina- 
t ions ,  I n  each bed, a 30 m t r ansec t  p a r a l l e l  t o  shore was erec ted  t o  
serve a s  a reference  point .  A t  one meter i n t e r v a l s  along t h i s  base  l i n e ,  
po in t s  were chosen randomly by the  use of a random numbers t a b l e  and 
t r a n s e c t s  were run perpendicular t o  the  shore ac ross  the  width of t h e  
macrophyte stand.  A 0.35 m2 i r o n  quadrat frame was placed a t  random po in t s  
along this l i n e ,  and a l l  p lan t  ma te r i a l  removed t o  a sediment depth of 
30 cm, A s t r a i g h t  hoe was used f o r  c u t t i n g  around the  edge of t h e  quad- 
rat and posthole d iggers  were used t o  remove t h e  p l a n t  ma te r i a l ,  The p lan t  



0-0 Nupher 
e-e Justicia 
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Figure 4. Re la t ive  var iance  of biomass a s  a funct ion of 
quadrat s i z e .  Optimum quadrat  s i z e  chosen was 
0.35 m2 (N=6) .  



m a t e r i a l  was placed on a w i r e  screen ,  washed of d i r t  and d e t r i t u s ,  placed 
i n  p l a s t i c  bags, and t r anspor t ed  t o  t h e  l a b o r a t o r y  on i c e ,  

I n  t h e  l abo ra to ry ,  t h e  macrophytes were cleaned of per iphyton  w i t h  a 
nylon brush  and separa ted  by s t r u c t u r e ,  Nuphar w a s  s epa ra t ed  i n t o  r o o t s ,  
rhizomes, emerged l e a v e s  (b lades) ,  emerged p e t i o l e s ,  submersed l eaves ,  and 
submersed p e t i o l e s ;  J u s t i c i a  was p a r t i t i o n e d  i n t o  r o o t s ,  rhizomes, stems, 
and l eaves .  The separa ted  p l a n t  m a t e r i a l  was placed i n  paper  bags, d r i e d  
i n  t h e  oven f o r  72 h a t  approximately 85"C, and weighed. The d r i e d  p l a n t  
m a t e r i a l  was ground i n  a Wiley m i l l  i n  o rde r  t o  a s s u r e  sample homogeneity. 
A one gram sub-sample from each component was i g n i t e d  a t  4 8 0 " ~  i n  a muff le  
fu rnace  f o r  3 h t o  determine ash  con ten t  f o r  c a l c u l a t i n g  o rgan ic  weight  
(ash  f r e e  d r y  weight ) ,  

T o t a l  p l a n t  biomass (g d ry  wt/m2) was s t a t i s t i c a l l y  analyzed t o  de t e r -  
mine macrophyte d i s p e r s i o n  f o r  each sample s i t e .  A method developed by 
P ie lou  (1960, 1969) us ing  t h e  variance-to-mean r a t i o  of p l a n t  biomass, 
served as a c r i t e r l o n f o r  t h e  de te rmina t ion  of r e g u l a r ,  aggregated,  o r  ran- 
dom macrophyte d i s t r i b u t i o n .  

Leaf a r e a  index (LAI), t h e  r a t i o  of l e a f  s u r f a c e  t o  ground o r  
water su r f ace ,  w a s  determined f o r  bo th  macrophyte communities (one s i d e  
on ly ) ,  A l l  l i v e  l e a v e s  per  0.35 m2 quadra t  ha rves t ed  were t r a c e d  on paper 
and t h e i r  s u r f a c e  a r e a s  determined by t h e  p r o p o r t i o n a l i t y :  

Area of page - - Area of l e a f  
Weight of page Weight of l e a f  t r a c e  

Biomass growth 

By h a r v e s t i n g  biomass a t  monthly i n t e r v a l s ,  and accounting f o r  any 
l o s s e s  due t o  graz ing  o r  dea th  of p l a n t  p a r t s ,  n e t  primary p r o d u c t i v i t y  
can be  determined (Westlake 1965, Wetzel 1975, pp. 376-378). Grazing was 
n o t  measured i n  t h i s  s tudy,  bu t  appeared t o  be low except  f o r  o l d e r  Iluphar 
l e a v e s  a t  t h e  Keel Creek. Even t h e r e  most i n s e c t  damage occurred  on 
senescing l e a v e s ,  One might s u c c e s s f u l l y  a rgue  t h a t  d e t r i t u s ,  r a t h e r  t han  
green  p l a n t ,  was being consumed. Biomass l o s s e s  due t o  senescence o r  
damage of f l o a t i n g  l e a v e s  f o r  Nuphar were monitored w i t h  tagging  experiments ,  
A 1 m x 1 2  m quadra t  w a s  e s t a b l i s h e d  from t h e  sho re  a c r o s s  t h e  wid th  of t h e  
macrophyte s t and  a t  Roclcyhock Creek t o  s tudy  seasona l  rhizome growth as w e l l  
as emergent l e a f  tu rnover  r a t e s .  Each rhizome meristem w a s  l o c a t e d  w i t h i n  
t h e  quadra t  and t h e  p o s i t i o n  of i t s  apex was marked w i t h  a metal s t a k e  
pushed i n t o  t h e  sediment.  The s t a k e s  were c a r e f u l l y  pos i t i oned  a t  t h e  end 
of the rhizome meristem i n  such a way t h a t  rhizome growth was n o t  obs t ruc t ed ,  
The l e n g t h  of rhizome t h a t  grew beyond t h e  s t a k e  was harves ted  a t  t h e  end 
of t h e  growing season,  The s t a k e s  a l s o  a ided  i n  l o c a t i n g  l o s t  rhizomes i n  
t h e  event  t h a t  emergent l e a f  product ion  was i n t e r r u p t e d  dur ing  t h e  growing 
season,  

Newly emerged f l o a t i n g  l e a v e s  of Nuphar were tagged weekly beginning 



with the  f i r s t  emergent l ea f  of the  growing season, Loosely t i e d  p l a s t i c  
f lagging was used t o  a t t a c h  aluminum tags ,  A record was maintained of 
t h e  number of new leaves  emerged and of those l o s t  f o r  each ind iv idua l  
rhizome meristem during t h e  dura t ion of the  growing season, The number of 
annual leaf  turnovers was determined by dividing t h e  number of days i n  the  
growing season by t h e  average number of days t h a t  t h e  tagged leaves  were 
emerged, Using t h i s  est imate,  annual n e t  production f o r  the  emergent l ea f  
blades and p e t i o l e s  was ca lcula ted  by mult iplying t h e  average standing 
crop f o r  l e a f  blades and p e t i o l e s  f o r  the  growing season by the  number of 
turnovers (Waring 1970). 

Also, weekly l e a f  turnovers were ca lcu la ted  by dividing t h e  number of 
new leaves  produced weekly by the  average number of leaves  present  f o r  t h a t  
week, This gave an  es t imate  of l ea f  turnovers per  week a t  Rockyhock Creek, 
The densi ty  of f l o a t i n g  leaves  times t h e  average grams dry weight per l ea f  
f o r  each sampling s i t e  resu l t ed  i n  a value  of grams dry weight per  meter 
square f o r  leaves ,  Therefore, by mult iplying t h e  l e a f  weekly turnover r a t e  
times g dry wt /m* of l ea f  blades and p e t i o l e s ,  p roduc t iv i ty  could be calcu- 
l a t e d  i n  grams per meter square per week, 

The submersed l ea f  annual production was determined i n  t h e  same manner 
a s  the  emergent leaves  by tagging randomly located rhizome meristems f o r  
t en  weeks during August through November 1975, The number of turnovers 
f o r  submersed leaves  ext rapola ted  t o  a growing season mul t ip l i ed  by t h e  
average standing crop r e s u l t e d  i n  t h e  es t imate  of the  annual production f o r  
submersed leaves ,  

Flowers were tagged i n  t h e  same quadrat as f l o a t i n g  leaves .  This gave 
an es t imate  of the annual number of turnovers used t o  determine annual 
flower, peduncle, and f r u i t  production per meter square f o r  the  growing 
season, 

Early r e s u l t s  showed t h a t  a l a r g e  por t ion  of the  Nuphar biomass was 
i n  the  s u b s t r a t e  and could account f o r  a considerable p a r t  of t h e  t o t a l  
product iv i ty ,  The necess i ty  of observing t h e  annual increment of under- 
ground growth t o  avoid an  overest imation of annual p roduc t iv i ty  due t o  
t h e  accumulation of pas t  years biomass has been emphasized (Westlake 1965, 
Szczepanski 1969), Therefore, both t h e  biomass and age of t h e  under- 
ground p lan t  ma te r i a l  a r e  required f o r  ca lcu la t ions  of primary production 
(Westlake 1968). 

To study belowground growth, a 15 m t r a n s e c t  perpendicular t o  t h e  
shore l ine  was constructed a t  Rockyhock Creek t o  determine monthly rhizome 
growth f o r  Nuphar, A 0.50 m2 metal quadrat  frame was randomly placed 
along the  t r a n s e c t  and each m e r i s t e m  was tagged using metal s t a k e s  
posi t ioned a t  t h e  apex of each rhizome, Khizome growth beyond t h e  s t akes  
was harvested and the  procedure was repeated i n  new quadrats  a t  monthly 
i n t e r v a l s  f o r  f i v e  consecutive months (Nay through September), Resul ts  
were expressed i n  u n i t s  of grams dry  weight per  meter square per  month, 

A t  t h e  end of t h e  growing season, t h e  tagged rhizome meristems used 



i n  a n a l y s i s  of emergent l e a f  turnovers were harvested. A l l  growth p a s t  t h e  
metal s t akes  was designated a s  new growth, Prominent p e t i o l e  and peduncle 
sca r s  were counted on t h e  new growth a s  w e l l  a s  t h e  o ld  por t ion  of each 
rhizome. The t o t a l  number of p e t i o l e  and peduncle s c a r s  divided by t h e  
new p e t i o l e  and peduncle sca r s  gave an es t imate  of rhizome age, A general  
check was performed by comparing the  number of newly tagged f l o a t i n g  leaves  
and p e t i o l e s  p lus  peduncles with the  t o t a l  number of p e t i a l e  and peduncle 
s c a r s  on t h e  new rhizome growth, Also, t h e  t o t a l  rhizome leng th  divided 
by t h e  one year growth increment r esu l t ed  i n  an es t imat ion of average 
rhizome age, 

Root production f o r  t h e  growing season was determined by an  i n d i r e c t  
method s ince  i t  was observed t h a t  roo t s  were considerably longer p o s t e r i o r  
t o  the  growing apex. I n  June 1975, an  extensive biomass sampling of t h e  
study a r e a  was undertaken t o  determine between-bed v a r i a t i o n  i n  biomass, 
Seventeen nuphar beds were chosen a t  random from aerial .  photographs f o r  t h e  
e n t i r e  study area .  Two 0.35 m2 quadrats  of p l a n t  biomass were excavated 
from each bed wi th  only one quadrat harvested f o r  r o o t s ,  These d a t a  were 
used t o  es t imate  t h e  average annual root  production by assuming roo t  
growth t o  be propor t ional  t o  annual rhizome biomass growth, The r o o t  
biomass-to-rhizome biomass r a t i o s  were determined from these  samples by 
l i n e a r  regress ion of roo t  biomass on rhizome biomass, 

Biomass Dis t r ibu t ion  

Aer ia l  photography 

The d i s t r i b u t i o n  of duphar and J u s t i c i a  was determined by a e r i a l  remote 
sensing, Three f l i g h t s  were taken; two i n  1974 (August and September) and 
one f l i g h t  i n  1975 (June). The f l i g h t  i n  June 1975 was taken t o  coincide  
with an extens ive  sampling of the  study area .  A l l  a e r i a l  photographs were 
taken i n  the  morning (0800 - 1100 hours) a t  an a l t i t u d e  of 1,200 f t  (ca. 
366 m) using handheld 35-mm s i n g l e  l e n s  r e f l e x  cameras. The two types of 
cameras used were a P e t r i  PT and a Wikkormat wi th  a polarized f i l t e r ,  Two 
cameras allowed uninterrupted overlapping photography of the  l i t t o r a l  by 
loading one camera with new f i l m  while t h e  o ther  was i n  use. 

Kodak Ektachrome-X color s l i d e  f i lm was found t o  give the  b e s t  r e s u l t s  
f o r  t h i s  study. Several types of f i lm,  black and white (Plus-X), and co lo r  
in f ra red ,  were t r i e d  wi th  less than s a t i s f a c t o r y  r e s u l t s  i n  1974. Black 
and w h i t e  f i l m  wi th  t h e  add i t ion  of the  yellow f i l t e r  reduced t h e  c o n t r a s t  
between the water and the  macrophyte bed, Color in f ra red  f i l m  increased 
con t ras t  but ,  a s  i n  t h e  case of black and white f i lm,  overemphasized t h e  
shading of t r e e s  upon the  macrophyte beds. However, color  f i l m  with i t s  
v a r i e t y  of hues and chromas offered super ior  i n t e r p r e t a b i l i t y .  A l l  f i lm 
processing except black and white was done by Kodak, 

The color  s l i d e s  w e r e  projected on paper and t h e  margins of each 
macrophyte bed were traced.  A p laniueter  and a ruodified acreage g r i d  



were used t o  c a l c u l a t e  macrophyte coverage f o r  t h e  s tudy  a rea ,  Cal ibra-  
t i o n  f o r  s c a l e  was wi th l ' g round  t ru th"  comparison t o  t h e  s i z e  of b u i l d i n g s ,  
b r idges ,  and o t h e r  l a r g e  s t a t i o n a r y  s t r u c t u r e s  over  t h e  l e n g t h  of t h e  
s tudy  area, 

Extensive biomass survey 

During June 1975 an ex tens ive  biomass survey of t h e  t o t a l  s tudy  a r e a  
was completed t o  determine v a r i a t i o n  between macrophyte s t a n d s  i n  t h e  
upper and lower p o r t i o n  of t h e  s tudy  a r e a ,  Seventeen macrophyte beds 
were chosen randomly from a t o t a l  of 42 beds based on f l i g h t s  taken  i n  
1974. Two 0.35 m2 samples were excavated from each Nuphar bed. Only one 
of t h e  two 0.35 ni2 quad ra t s  was harves ted  f o r  r o o t s .  A c o r r e l a t i o n  
between r o o t s  and rhizomes was determined f o r  t h e  s tudy  area from t h e s e  
da t a .  

Primary P r o d u c t i v i t y  

l la rves t  method 

N e t  primary p r o d u c t i v i t y  of Nuphar could n o t  be es t imated  from monthly 
changes i n  biomass due t o  l o s s e s  of p l a n t  uaterial between sampling d a t e s  
and t h e  h igh  degree of v a r i a t i o n  between samples taken w i t h i n  t h e  same 
p l a n t  bed (Appendix, Tables  A, B and C ) .  A t  t h e  t h r e e  s i t e s ,  Nuphar was 
found t o  range i n  peak biomass between 115 g d ry  wt/m2 (Keel Creek) and 
300 g dry  w t / m 2  (Wiccacon Creek) (Fig. 5 ) .  Monthly biomass va lues  (Apr i l  
through August 1975) f o r  t h e  e n t i r e  s tudy  a r e a  r e s u l t e d  i n  a n  average  
biomass of 155 g d r y  wt/m2 (Table 1 ) .  The monthly t o t a l  biomass sampling 
i n  Table 1 w a s  approximately w i t h i n  a month of t h e  e x a c t  d a t e s  l i s t e d  i n  
Figure  5 (  

F igure  5a shows that a l a r g e  i n i t i a l  biomass of Nuphar w a s  p r e s e n t  i n  
January 1975 wi th  a l a r g e  p o r t i o n  (99%) of t h e  biomass i n  t h e  s u b s t r a t e ,  
D i r e c t  c a l c u l a t i o n s  of n e t  primary p r o d u c t i v i t y  based on biomass changes 
could n o t  be  made because of t h e  l a r g e  v a r i a t i o n  i n  measurements between 
sampling d a t e s ,  iJuphar peak biomass f o r  Keel Creek (Fig,  5b) f o r  June 
1975 was approximately 115 g d r y  wt/m2 w i t h  71% of t h e  t o t a l  biomass i n  t h e  
s u b s t r a t e ,  I n i t i a l  biomass i n  November 1974 has  a n  e s t i u a t e d  89% of t h e  
t o t a l  biomass i n  t h e  sediment. The Wiccacon Creek s tudy  s i te  was h ighe r  
i n  t o t a l  biomass than  t h e  o t h e r  sampling s t a t i o n s .  A peak biomass of 
300 g dry  wt /m2 occurred dur ing  August 1975 of which 63% of t h e  biomass 
was belowground (Fig. 5c ) .  

J u s t i c i a  (Fig, 6 )  reached a peek biomass of 277 g d ry  wt/rn2 dur ing  
August 1975 w i t h  a n  es t imated  42% of t h e  t o t a l  biomass i n  t h e  sediment ,  
Un i fom growth of aboveground s t r u c t u r e s  (stems and l eaves )  was observed 
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Figure 5 ,  Monthly mean biomass of Nuphar luteum at (a) Rockyhock Creek, (b) Keel 
Creek, and (c) Wiccacon Creek. Values above zero are aboveground 
biomass and those below zero are belowground biomass, All samples 
were collected in 1975 except 20 Noveiiber 1974 (b). 



Table  1. Summary o f  monthly biomass  o f  Nuphar l u t e u m  f o r  1975.  A l l  
v a l u e s  are monthly means f o r  t h r e e  s i tes  and g iven  i n  
g d r y  wtlm2 

- 
P l a n t  p a r t  A p r i l  May June  J u l y  August x 

Aboveground 

F l o a t i n g  l e a v e s  
F l o a t i n g  p e t i o l e s  
Submersed l e a v e s  
Submersed p e t i o l e s  
Flowers ,  p e d u n c l e s ,  

and f r u i t s  

Belowground 

Rhizomes 
Roots 

T o t a l  

Tab le  2. Summary o f  monthly biomass o f  J u s t i c i a  americana f o r  1975.  
A l l  v a l u e s  i n  g d r y  wtdm2 

- 
P l a n t  p a r t  May J u n e  J u l y  August Sept. x 

Aboveground 

Leaves 3.9 1 6 . 6  24.4 30.4 1 2 . 0  1 7 . 5  
Stems 18.9 67.8 111.8  129.9 57.9 77.3 
Flowers and f r u i t s  0 0 0 . 1  0 0 0 .l 

Belowground 

Rhizomes 
Roots 

Tot a 1  103.1  165.1  238.0 276.5 162 .5  189 .1  



160 0 Leaves C . stems 

Figure 6, 

I 1 1 I I 
2 1 1 7  18 18 13 1 3  

DEC MAY . I U N  J U L  AU(; SEPT 

Monthly mean biomass of Justicia americana at Kockyhock 
Creek during September 1974 and the 1975 growing season. - 
Values above zeio are aboveground biomass and those below 
zero are belowground biomass. 



during t h e  growing season, Subs tan t i a l  i n i t i a l  biomass of 206 g dry  wt/m2 
was present  i n  December 1974 (Appendix, Table D ) ,  Average biomass f o r  
J u s t i c i a  during t h e  growing season (May through September) was 189 g dry  
w t / m 2  (Table 2) .  

Variance-to-mean r a t i o s  of t o t a l  p l a n t  bioinass ind ica ted  t h a t  both 
Nuphar and J u s t i c i a  have aggregated d i s t r i b u t i o n s  (Appendix, Table E), A 
r a t i o  of one, which i s  i n d i c a t i v e  of a random d i s t r i b u t i o n  (Pie lou  1960), 
was exceeded i n  a l l  cases ,  Values g r e a t e r  than one, which were found f o r  
a l l  sampling d a t e s  and both species ,  suggest  t h a t  t h e  d i s t r i b u t i o n  is 
clumped. 

Buphar maximum l e a f  a r e a  index (0,82) was obtained during t h e  month 
of August 1975 a t  Wiccacon Creek (Table 3) .  The maximum l e a f  a r e a  index 
f o r  J u s t i c i a  was observed during June 1975 wi th  a va lue  of 0.63 (Table 4 ) .  

P r i o r  t o  harves t ing  macrophyte biomass, a l l  f l o a t i n g  l eaves  (Nuphar) 
and stems ( J u s t i c i a )  per  square meter were counted f o r  d e n s i t y  a n a l y s i s ,  
The dens i ty  of f l o a t i n g  l eaves  was considerably h igher  a t  Wiccacon Creek 
reaching a peak of 3 1  l eaves  per  square meter i n  August 1975 (Table 3 ) ,  
Both Keel Creek and Rockyhock Creek had s i m i l a r  d e n s i t i e s  throughout t h e  
growing season, J u s t i c i a  had a maximum s t e m  d e n s i t y  of 25 stems per  
square meter i n  J u l y  1975 a t  iiockyhock Creek (Table 4 ) ,  

Biomass l o s s e s  

Annual n e t  production of f l o a t i n g  l eaves  was est imated by c a l c u l a t i n g  
t h e  number of l e a f  turnovers  during t h e  1975 growing season Qiay 10--Nov- 
ember 2) .  The average l i f e  span of 579 f l o a t i n g  l eaves  tagged from 35 
sepa ra te  rhizome ap ices  was approximately 31  days (Appendix, Table F ) ,  The 
176 days between i n i t i a l  growth (ca. May 10) and t h e  f i r s t  f r o s t  (ca. Nov- 
ember 2) was divided by t h e  31  day average l i f e  span of f l o a t i n g  l eaves  
(which inc ludes  p e t i o l e s )  r e s u l t i n g  i n  an  average turnover r a t e  of 5.7 
t i m e s  per  growing season, This  va lue  t i m e s  t h e  mean biomass f o r  t h e  
f l o a t i n g  l eaves  (23.4 g d ry  wt/m2) during t h e  growing season gave an  
annual f l o a t i n g  l e a f  production of 133 g dry  wt /m2  (Table 5). 

Weekly f l o a t i n g  l e a f  and p e t i o l e  turnovers  f o r  Nuphar a t  Rockyhock 
Creek w e r e  h ighes t  during t h e  month of klay, bu t  dec l ined  throughout t h e  
remainder of t h e  growing season (Fig. 7 ) ,  The lowest  turnover r a t e  f o r  
f l o a t i n g  l eaves  was observed during t h e  l a s t  week of J u l y  1975. By 
assuming t h a t  t h e  same turnover r a t e  occurred a t  Keel Creek and Wiccacon 
Creek a s  was measured a t  Koclcyhock Creek, p roduc t iv i ty  of f l o a t i n g  l eaves  
was ca lcu la t ed  by mul t ip ly ing  t h e  turnover r a t e  by the  dens i ty ,  

Rockyhock Creek (Fig, 7a) had a t o t a l  seasonal  production of 41,9 g 
dry  wt /m2  f o r  f l o a t i n g  l eaves ,  The almost cons tant  b iouass  of f l o a t i n g  
l eaves  (ca. 6 g dry  wt/m2) t i m e s  t h e  weekly turnover r a t e  generated a 
production curve s i m i l a r  t o  t h e  one f o r  weekly turnovers .  



Table 3.  Leaf a r e a  index and d e n s i t y  of f l o a t i n g  l eaves  and 
p e t i o l e s  f o r  Nuphar luteum i n  1975. 

Lo c a t i o n  Month No. of Samples Density LA1 
(0.35 m2 quadra t s )  Per  m 2 

Ro ckyho ck May 6 
Creek June 6 

July -- 
August 6 

Wiccacon May 6 2 1 0.59 
Creek June 6 1 5  0.39 

J u l y  6 19 0.46 
August 6 3 1 0.82 

Keel Creek May 6 
June 6 
J u l y  6 
August 6 

Table 4 .  Leaf a r e a  index and d e n s i t y  o f  sterns f o r  J u s t i c i a  
americana i n  1975. 

Lo c a t i o n  Month No. of Samples Densiiy LA1 
(0.35 m2 quadra ts )  Per  m 

Ro ckyho ck May 4 
Creek June 6 

J u l y  6 
August 6 
September 6 



Table 5. Annual product ion of  Nuphar luteum i n  1975. 

P lan t  p a r t  

Average biomass f o r  T o t a l  product ion a s  Product ion of 
Turnovers t h e  growing season turnover  x biomass Percent  Ash Organic Weight 
pe r  year  (g dry  wt/m2) (g d r y  wt/m2*yr) (+ - 95% c.L.) k / m 2 - y r )  

Aboveground 

F loa t ing  l eaves  5 .7  

F l o a t i n g  p e t i o l e s  5.7 
I 

h, 
Submersed l e a v e s  5 ,9  

P 

I Submersed p e t i o l e s  5.9 

Flowers, peduncles 5.0 
and f r u i t s  

Belowground 

Rhizomes 

Roots 

T o t a l  - 154.9 221.6 193.8 





The maximum f l o a t i n g  l e a f  biomass occurred i n  June 1975 a t  t h e  Keel 
Creek sampling s i t e  (Fig,  7b),  P roduc t iv i ty  was c a l c u l a t e d  t o  b e  62.1 g 
dry  wt/m2 f o r  t h e  growing season (May through September). Wiccacon Creek 
(Fig. 7c) had a much h igher  f l o a t i n g  l e a f  d e n s i t y  and a h ighe r  f l o a t i n g  

2 l e a f  biomass. Maximum biomass i n  August was approximately 50 g d ry  wt/m . 
Seasonal p r o d u c t i v i t y  f o r  f l o a t i n g  l e a v e s  was es t imated  t o  be 246 g d r y  
wt/ra2.  Ove ra l l  average seasona l  p r o d u c t i v i t y  f o r  IJuphar f l o a t i n g  l eaves  

2 us ing  t h e  va lues  c a l c u l a t e d  from Figure  7a,b,c  was 117 g dry  w t / m  . This  
w a s  no t  t h e  v a l u e  used f o r  t h e  e s t i m a t e  of n e t  primary p r o d u c t i v i t y  a s  i n  
Table 5 ,  A l l  f l o a t i n g  l e a f  tu rnovers  f o r  each sample s i t e  were based on 
d a t a  c o l l e c t e d  a t  Rockyhock Creek, 

The es t imated  n e t  product ion  of submersed l e a v e s  was c a l c u l a t e d  by 
tagging randomly s e l e c t e d  rhizomes a t  Rockyhock Creek. The average l i f e  
of 20 submersed l e a v e s  tagged on 11 rhizomes was approximately 30 days 
w i t h  an  average turnover  of 5 , 9  (Appendix, Table G ) ,  The average  seasona l  
biomass (11,l g dry  wt/m2) times t h e  number of t u rnove r s  5 ,9)  g i v e s  a n  
e s t i m a t e  f o r  submersed l e a f  product ion  of 65.5 g d ry  wt/m4 (Table 5). Sub- 
mersed l e a v e s  were observed t o  su rv ive  throughout t h e  w i n t e r ,  

Annual product ion  of f lowers ,  peduncles,  and f r u i t s  was c a l c u l a t e d  
i n  a manner s i m i l a r  t o  t h a t  of f l o a t i n g  l e a f  product ion.  Flowering was 
f i r s t  observed on 4 June  and proceeded u n t i l  27 August (85 days ) ,  Approxi- 
mately 24 peduncles were produced w i t h  an  average l i f e  span of 17  days. 
This  va lue  was obta ined  by d iv id ing  t h e  t o t a l  number of days surv ived  by 
t h e  t o t a l  number of peduncles  produced (Appendix, Table H), The 85 days 
i n  t h e  f lower ing  season d iv ided  by t h e  17-day average s u r v i v a l  f o r  t h e  
peduncles suggested 5 tu rnove r s  pe r  growing season,  Thus, t h e  annual  
f lower,  peduncle, and f r u i t  product ion was obta ined  by mul t ip ly ing  t h e  
average s t and ing  crop of 1 , 2  g d r y  wt/m2 by 5 turnovers .  The es t imated  
annual  product ion  by t h i s  method was 6 g d ry  wt/m2 (Table 5).  It was 
observed t h a t  waterfowl and i n s e c t s  grazed f lower p a r t s  and f r u i t s  i n  some 
a r e a s ,  p a r t i c u l a r l y  K e e l  Creek, 

Average rhizome biomass gave l i t t l e  informat ion  a s  t o  t h e  annual  
rhizome product ion  s i n c e  some of t h e  p l a n t  m a t e r i a l  s u r e l y  r ep re sen ted  a 
number of y e a r s  growth, The average  age of 25 rhizomes was approximately 
7 yea r s  (Table 6 ) ,  By a s s w a g  97.3 g d ry  wt/m2 accumulat ion i n  7 y e a r s  
growth, t h e  annual  rhizome product ion  was 13.6 g d r y  w t / m 2  (Table 5 ) .  The 
a l t e r n a t e  method of c a l c u l a t i n g  t h e  rhizome product ion  based on monthly 
rhizome tagging  was 1.1 g d ry  w t / m 2  *month (Appendix, Table I ) ,  

By comparing t h e  number of newly tagged f l o a t i n g  p e t i o l e s  and peduncles 
w i th  t h e  t o t a l  number of p e t i o l e  and peduncle s c a r s  on t h e  new rhizome 
growth, a check was a v a i l a b l e  i n  t h e  de te rmina t ion  of rhizome age ,  I n  most 
ca ses ,  newly produced f l o a t i n g  p e t i o l e  s c a r s  were less than  t h e  t o t a l  
p e t i o l e  and peduncle s c a r s  on t h e  new rhizome growth, Thus, t h e  remainder 
of t h e  s c a r s  r ep re sen ted  an  e s t i m a t e  of t h e  number of submersed l e a v e s  
produced dur ing  the 1975 growing season,  Approximately 520 s c a r s  were 
recorded on the new rhizome growth of 25 rhizomes w i t h  392 f l o a t i n g  



Table 6. Rhizome age est imates of Nuphar luteum based on new p e t i o l e  s c a r s  and inc reases  i n  rhizome 
lengths  during 1975. 

Estimate from P e t i o l e  Scars Est imate from Rhizome Length 
Rhizome Scars per  New Scars Age Rhizome Growth i n  Age 
Number Rhizome i n  1975 (Years) Length (cm) 1975 (cm) (Years) 

Mean - + s .d .  



p e t i o l e s  and peduncles accounting f o r  75% of t h e  t o t a l  s c a r s ,  

Root p r o d u c t i v i t y  w a s  c a l c u l a t e d  based on root-to-rhizome r a t i o s  from 
t h e  June 1975 ex tens ive  sampling survey and by assuming t h e  same turnover  
r a t e  as f o r  t h e  rhizomes (0.14 pe r  yea r ) .  There was a p o s i t i v e  c o r r e l a t i o n  
between r o o t  and rhizome biomass f o r  t h e  ex t ens ive  sampling survey  w i t h  a 
c o r r e l a t i o n  c o e f f i c i e n t  of 0.85 (Pig,  8 ) ,  Root biomass was p r e d i c t e d  by 
t h e  equat ion  Y = 0,790 C 0.154::, where Y = biomass of r o o t s  (g d r y  wt/0,35 

2 m2) and X = biomass of rhizomes (g d ry  wt/0.35 m ) . The average  r o o t  bio- 
2 mass of 21,9 g d ry  wt/m dur ing  t h e  1975 growing season  t imes t h e  turnover  

r a t e  gave an e s t ima te  of 3 .1 g dry  w t / m 2  annual  r o o t  product ion  (Table 5 ) .  
Root p r o d u c t i v i t y  c a l c u l a t e d  from monthly rhizome tagging  would have been 
0.2 g dry  wt/m2prnonth (Appendix, Table I) ,  

The t o t a l  annual  product ion  of Nu ha r  was 222 g d ry  wt/m2 w i t h  a n e t  9-r organic  (ash  f r e e )  product ion  of 194 g/m (Table 5 ) .  Genera l ly  77% of t h e  
iGupl1ar biomass was below t h e  s u b s t r a t e  whi le  92% of t h e  n e t  primary produc- 
t i v i t y  was con t r ibu ted  by aboveground s t r u c t u r e s ,  

Unlike Nuphar, J u s t i c i a  b iouass  accumulated r a p i d l y  dur ing  t h e  growing 
season  reaching a peak biomass i n  August 1975 of 277 g d r y  wt/m2 (Fig, 6 ) .  
By s u b t r a c t i n g  t h e  m i n i n u  biomass of 103 g d r y  wt/m2 f o r  Nay from t h e  peak 
biomass, a n e t  primary p r o d u c t i v i t y  of 173  g d r y  wt /m2  was ob ta ined ,  Some 
m o r t a l i t y  was observed dur ing  t h e  growing season;  t h e r e f o r e ,  t h i s  v a l u e  is 
considered a n  underest imation.  The a c t u a l  y e a r l y  n e t  primary p r o d u c t i v i t y  
probably l i e s  somewhere between t h e s e  two va lues .  Net annual  o rgan ic  (ash  
f r e e )  product ion  based on peak biomass w a s  246 g/m2 (Appendix, Table J) , 
Grazing by he rb ivo res  w a s  n o t  measured f o r  J u s t i c i a ;  however, l o s s e s  
appeared t o  b e  q u i t e  low dur ing  t h e  sampling pe r iod ,  

Biomass D i s t r i b u t i o n  

Aerial e t o g r a p h y  

Macrophyte coverage f o r  t h e  s tudy  a r e a  i n  1974 (August through Septem- 
b e r )  was es t imated  t o  be  262,335 n2  o r  approximately 26.2 ha  (Table 7). 
The va lues  (m2 coverage) f o r  each of t h e  n o r t h e r n  segments (C,D,  and E) 
were s e v e r a l  t i m e s  h ighe r  than  those  of t h e  lower r i v e r  (A and B), Coverage 
f o r  Nuphar r ep re sen ted  99% of t h e  t o t a l  macrophyte communities i n  t h e  s tudy  
a r e a ,  J u s t i c i a  d i s t r i b u t i o n  w a s  r e s t r i c t e d  t o  t h e  extreme lower p o r t i o n s  
of t h e  r i v e r  (A and B) as sma l l  monospecific s t a n d s  (Fig. l ) ,  

F l i g h t s  taken i n  June 1975 revea led  t o t a l  macrophyte coverage t o  be  
277,306 m2 (ca. 27.7 ha ) .  Severa l  macrophyte beds of bo th  Nuphar and 
J u s t i c i a  observed i n  segment.B were overlooked dur ing  t h e  1974 f l i g h t s ,  
b u t  were included i n  t h e  1975 e s t ima t ion  (Table 7) .  Segment B had t h e  
l e a s t  macrophyte coverage f o r  t h e  s tudy  a r e a  and t h e  most obvious s i g n s  of 
shore  e ros ion .  
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Figure 8, Corre la t ion  of r o o t  and rhizome biomass based on samples 
c o l l e c t e d  during June 1975. Root biomass was p red ic t ed  
by t h e  equation Y = 0.790 + 0.154X, where Y = biomass of 
r o o t s  (g d ry  wt10.35 rn2) and X = biomass of rhizomes 
(g dry  wt10.35 m2), 



2 Table 7. Coverage (m ) of  Nuphar and J u s t i c i a  communities on t h e  lower 
Chowan River  f o r  August - September 1974, and f o r  1 6  June 1975. 

Western Shore Eas t e rn  Shore 
S t r a t a  Nuphar J u s t  i c i a  Nuphar J u s t i c i a  To ta l  

AUGUST - SEPTEMBER 1974 

To ta l  Coverage 1974 262,335 



Extensive biomass survey 

To e s t i u a t e  the  t o t a l  biomass i n  the  lower Chowan Kiver a rea ,  and t o  
determine the  amount of v a r i a b i l i t y  between macrophyte beds, an  extens ive  
sampling survey was completed i n  June 1975. Seventeen Nuphar beds were 
randomly se lec ted  f o r  sampling based on 42 beds t h a t  could be del ineated  
from the  1974 a e r i a l  photographs (Fig, 1 ) .  The r i v e r  was divided i n t o  a 
lower por t ion  ( S  of Holiday Is land)  where nine beds were sampled and an  
upper por t ion  with e igh t  beds, Two 0.35 m2 quadrats  were harvested from 
each bed wi th  only one quadrat excavated f o r  roots .  Root biomass was pre- 
d ic ted  by t h e  l i n e a r  regress ion formula (Fig, 8). The biomass i n  each 
macrophyte bed was ca lcula ted  from the  average of t h e  two 0.35 m2 quadrats .  

The average biomass f o r  the  e igh t  beds i n  up e r  r i v e r  was 248 2 85 g E dry wt /m2 (jZ: + 95% C ,L. ) and 201 k 100 g dry w t / m  f o r  t h e  n ine  beds i n  t h e  
lower r i v e r  (Table ), Average biomass f o r  t h e  e n t i r e  s tudy a r e a  was I 223 4 65 g dry w t / m  (Z k 95X C. L. ) . Analysis of var iance  showed no s ign i -  
f i c a n t  d i f fe rence  a t  t h e  5% l e v e l  between t h e  upper r i v e r  and t h e  lower 
r i v e r  (Table 91, 

Multiplying t h e  average biomass da ta  from the  extens ive  sampling survey 
f o r  the  t o t a l  r i v e r  (Table 8)  by the  a r e a l  coverage (Table 7) i n  June 1975 
gives  an es t imate  of 60.7 f o r  Nuphar. The t o t a l  peak biomass f o r  J u s t i c i a  
was approximately 1.4 1 3  o r  2;: of t h e  t o t a l  macrophyte biomass, 

Primary Product iv i ty  

Nuphar product iv i ty  

Evaluation of annual n e t  primary product iv i ty  based upon changes i n  
biomass a t  monthly i n t e r v a l s  during the  growing season could not  be appl ied  
t o  t h e  Nupbr  community. This was due t o  a high f l o a t i n g  l ea f  mor ta l i ty  
during t h e  growing season, pas t  years  of underground biomass accumulation, 
and, a s  mentioned before,  sampling problems r e s u l t i n g  from non-random dis-  
t r i b u t i o n  of biomass. The ca lcu la t ion  of n e t  primary product iv i ty  f o r  Nuphar 
thus necess i t a t ed  t h e  determination of l ea f  turnovers,  and t h e  annual incre-  
ment of underground organs. 

The approach of est imating n e t  primary product iv i ty  by equating i t  to  
t h e  observed aboveground peak biomass has been c r i t i c i z e d  by some authors 
(Westlake 1969, Waring 1970, Wetzel 1975, pp. 376-377). This reasoning 
ignores l o s s e s  of p l a n t  ma te r i a l  due t o  death and damage which could account 
f o r  a l a r g e  percentage of t h e  maximum biorilass and a l s o  grazing l o s s e s  i n  
t h e  0.5 t o  8% range of t h e  t o t a l  biomass a s  reported by Wetzel (1975, pp. 
379-380). I n  addi t ion ,  i t  assumes t h a t  few biomass l o s s e s  have occurred 
between samplings and t h a t  t h e  product iv i ty  of belowground organs could be 
consi ,:ed neg l ig ib le ,  The l a t t e r  assumption i n  t h e  case of some emergent 



Table 8. Extensive biomass survey of Nuphar luteum of t h e  lower Chowan River  
f o r  June 1975. 

Biomass 
2 

Biomass 
Area Bed No. g dry w t / m  Area Bed No. g dry w t / m  2 

Upper River 
(N = 8) 

Lower River 
(N = 9) 

Tota l  1,982.2 1,811.3 

Overal l  Mean (+ 95% C.L.) = 223.1 + 65.3 g dry w t / m  2 
- - 

Table 9. Analysis of var iance  comparing Nuphar luteum biomass between t h e  
upper and lower Chowan River.  F-value i s  no t  s i g n i f i c a n t  a t  t h e  
0.05 l e v e l .  

Be tween 
Within 

To ta l  16 36,932.2 




























































































































































































































