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AESTRACT 

Fish  migrat ion and t o t a l  stream metabolism were s tud ied  i n  New 

Hope Creek, North Caro l ina ,  from Apr i l ,  1968 t o  June,  1970. Up- 

s t ream and downstream movement of  f i s h e s  was monitored us ing  weirs  

with t r a p s .  Most of  t h e  27 spec i e s  had a  c o n s i s t e n t  p a t t e r n  of 

l a r g e r  f i s h  moving upstream and sma l l e r  f i s h  moving downstream. Both 

upstream and downstream movements were g r e a t e s t  i n  t he  sp r ing .  For 

example, i n  t h e  s p r i n g  of 1969, a  d a i l y  average of 7  f i s h  weighing a  

t o t a l  o f  1081 grams were caught moving upstream, and 17 f i s h ,  weighing 

a  t o t a l  o f  472 grams, were caught moving downstream. Although more 

moved downstream than  up, t h e  l a r g e r  average s i z e  of t h e  f i s h  moving 

upstream r e s u l t e d  i n  a  l a r g e  t r a n s f e r  of  f i s h  mass upstream. 

Diurnal oxygen s e r i e s  were run t o  measure t h e  metabolism of t h e  

aqua t i c  community. Gross photosynthes is  ranged from 0.21 t o  almost 

9 g  m-2 day-1 ~ ~ / m ~ / d a ~ )  , and community r e s p i r a t i o n  from 0 . 4  t o  

13 g  m-2 day-1 a t  t h e  p r i n c i p a l  sampling s t a t i o n  and both were 

h ighes t  i n  t h e  s p r i n g .  Area va lues  of metabolism were s i m i l a r  f o r  

d i f f e r e n t  p a r t s  of  t h e  s t ream, bu t  both product ion pe r  volume and 

r e s p i r a t i o n  pe r  volume were much l a r g e r  nea r  t h e  headwaters than 

f a r t h e r  downstream. This  was appareqt ly  due t o  t h e  d i l u t i n g  e f f e c t  

of  t h e  deeper water downstream. Migration may allow populat ions t o  

t ake  advantage of  such d i f f e rences  i n  p r o d u c t i v i t y  by maintaining 

young f i s h  i n  a r eas  of  high p r o d u c t i v i t y .  



An energy diagram was drawn comparing energies of insolation, 

currents, photosynthesis, respiration, fish populations, and migra- 

tions. Parts of this model were simulated on an analog computer. 

Input energies from insolation and stream flow were similar. About 

0.14 percent of the total respiration of the stream was from fish 

populations, and over one year about 0.01percent of the total energy 

used by the ecosystem was used for the process of migration. If it 

is assumed that upstream migration is necessary to maintain upstream 

stocks, which may be periodically decimated by droughts, the migration 

energy has an amplifying value of 14. 
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M i e i o n  and Metabolism in a Stream Ecosystem - ---.. -"- - "- -" - ---- 

Preserving and Enhancing the Qualities of the Waters of 
North Carolina 

In the period April, 1968 to June, 1970 an intensive investi- 

gation was made in New Hope Creek, in the stretch where it flows 

through Duke Forest, to establish the relationship between fish 

migration and the total stream metabolism. New Hope Creek at this 

particular point may be the only stream in the Research Triangle 

area of North Carolina where studies of relatively natural conditions 

can be carried out. Nearly all other streams in the region are 

either polluted or are too small for any extended studies. The 

location within Duke Forest, with controlled access made the region 

particularly desirable for studies in what is essentially a natural 

outdoor laboratory. 

The basic investigation consisted of monitoring up and down- 

stream movement of fishes, using weirs with traps. Of the 27 species 

collected, most had a consistent pattern of the larger fish moving 

upstream and smaller fish moving downstream. Movement in both 

directions was greatest in the spring. For example, in the spring 

of 1969, a daily average of 7 fish weighing a total of 1087 gms 



were trapped moving upstream and 17 fish weighing a total of 472 gms 

were caught moving downstream. Although more fish moved downstrean 

than up, the larger average size of the fish moving upstream resulted 

in a larger transfer of fish mass upstrsam. Associated with the fish 

movement studies, the metabolism of the aquatic communiJiy was determined 

using the technique of diurnal oxygen measurements. Gross photo- 

synthesis ranged from 0.21 to almost 9 g/m2/day and community respira- 

tion from 0.4 to 13 g/m2/day. All measurements of this nature were 

highest in the spring. Both production and respiration per volume 

were much larger near the headwaters than farther downstream. This 

was apparently a result of the diluting effect of the deeper dater 

downstream. Migration appeared to allov .the fish population to ta,ke 

advantage of such differences in productivity by rnzlntaSning :joung 

fish in areas of high productivi5y. 

A total energy diagram was devi-ed cornparin& energies of insola- 

tion, currents, photosynthesis, respiration, fish gopula tions and 

migrations. When this mode? was simulated on an analog computer, it 

was determined that input energies frorr, insolation and streax flow 

were similar with about 0.14 percent of the total respiration of the 

stream derived from fish ponulations. Over a period of a year a>out 

0.01 percent of the total energy used by the ecosysiem N a s  consumed 

in the process of migration. It can be a s a m c d  ihai t h 2  upstream 

migration is necessary to maintain upstream fish stocks xhich may be 

periodically decimated by drought conditions. Migration el?ergy appears 

to have an amplifying value of 14. 



There a r e  c e r t a i n  l e s sons  t h a g  may be l ea rned  from t h e  preceding 

i n v e s t i g a t i o n ,  which a r e  of value f o r  p re se rv ing  and enhancing t h e  

q u a l i t i e s  of t h e  waters  of North Caro l ina .  As found i n  New Hope Creek 

and probably f o r  most o t h e r  streams of piedmont North Carol ina,  t h e  

d i u r n a l  d i sso lved  oxygen v a r i a t i o n  may be q u i t e  l a r g e  up t o  t h r e e  o r  

f o u r  m g / l .  Thus, c r i t e r i a  f o r  oxygen i n  any s tream must be e s t a b l i s h e d  

a s  a  minimum pre-dawn value s i n c e  t h i s  could very w e l l  be t h e  l i m i t a -  

t i o n  f o r  any aqua t i c  organism r e q u i r i n g  oxygen s i n c e  they  must l i v e  i n  

t h e  s t ream 24 hours a day. The d a i l y  f l u c t u a t i o n s  i n  oxygen were 

found t o  be g r e a t e s t  i n  shallow water .  This c h a r a c t e r i s t i c  may be  

of cons iderable  s i g n i f i c a n c e  i n  water  q u a l i t y  dec is ions  s ince :  

( 1 )  a s  s t reams become more shallow dur ing  summer low waters ,  t h e  

d i f f e r e n c e  between day and n igh t  oxygen values become l a r g e r ;  

( 2 )  upstream, t h e r e  a r e  gene ra l ly  more shallow reg ions  of  t h e  s t ream 

wi th  g r e a t e r  day-night d i f f e r ences  i n  oxygen content .  

Since aqua t i c  organisms us ing  d isso lved  oxygen r e q u i r e  more a t  

h igher  temperatures ,  suxmer condi t ions ,  t h e r e f o r e ,  may c r e a t e  a 

c r i t i c a l  circumstance due t o  ( a )  lowering t h e  s o l u b i l i t y  of oxygen 

i n  water  and (b )  i nc reas ing  t h e  oxygen requirements of organisms and 

( c )  i nc reas ing  t h e  d a i l y  f l u c t u a t i o n  of oxygen a s  b i o t i c  components 

of t h e  s t ream ecosystem become more crowded i n  shal lower water .  It i s  

t h e r e f o r e  i n d i c a t e d  t h a t  t h e  oxygen requirements f o r  streams be s e t  

f o r  minimum condi t ions  a t  one hour before  s u n r i s e  during per iods  of 

h ighes t  temperature and/or lowest  waters ,  g e n e r a l l y  i n  August. It 



would thus be indicated that if any pollution is suspected in a 

stream, it becomes even more critical to establish the pre-dawn 

oxygen level with reference to the quality of the particular body 

of water. 

' Regional planning of aquatic wastes disposal should take into 

account the potentially greater stress that is imposed on the shallower 

regions of streams and rivers. This implies that the establishment 

of regional plans for economic growth, a basic principle should be 

one of not introducing industries and waste disposal facilities on 

the headwaters of rivers. 

It was also determined from the investigation on New Hope Creek 

that many fishes in Piedmont streams have distinct patterns of move- 

ment. These may be necessary for optimizing the reproductive potential 

fish populations that are available for restocking of an area that may 

naturally or otherwise loose fish population. It may be a wise manage- 

ment policy to aid this movement by removing unnecessary stream obstruc- 

tions. A localized area of pollution in a stream may be detrimental 

to more fish than just those in the immediate vicinity. The entire 

reproductive potential for a large area of a stream may be lost as 

migrating fish attempt to move through a polluted region. This con- 

sideration should be taken into account in stream pollution studies 

and may be particularly critical during the March to May period of 

fish migration. Utilizing information gathered in the study, predic- 

tions for a repopulation of an area that has been totally depleted 
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of a fish population due to pollution indicates that it would take 

about 2$ years to re-establish the pre-pollution population. This 

estimate could be used in the economic assessment of pollution damage. 

The nutrient balance established for New Hope Creek as it flows 

through Duke Forest, with particular emphasis on the cycling of 

phosphorus, indicated the value of a natural ecosystem for retaining 

vital nutrients. Protection of water sheds have thus two values, 

one for maintaining stocks of nutrients in valuable locations such 

as forests and keeping the same nutrients out of oligotrophic streams 

where they might cause undesirable eutrophication if they should be 

released. 

The value of ilTew Hope Creek to the studies in the basic metab- 

olism of a stream cannot be overemphasized since so few unpolluted 

streams are available for such studies. Maintenance of this stream 

in its natural state as an outdoor laboratory for the Triangle Uni- 

versities requires that it receive a stream classification under the 

North Carolina system of stream classification which will give it 

ad.equate protection. 





INTRODUCTION 

Animal migra t ions  a r e  a  conspicuous and important phenomenon i n  

many ecosystems of  t h e  world. Myriads of popular  a r t i c l e s  have been 

w r i t t e n  about t h e  migra t ions  of  f i s h e s  and b i r d s ,  and t h e  s c i e n t i f i c  

l i t e r a t u r e  i s  f u l l  of d a t a  on t h e s e  and o t h e r  migrants .  

This  s tudy cons iders  migra t ion  a s  a func t iona l  component of a  

stream ecosystem by r e l a t i n g  f i s h  movements t o  stream metabolism. 

Seasonal p a t t e r n s  of metabolism and f i s h  migra t ion  were measured i n  

f i e l d  s t u d i e s  i n  New Hope and Morgan Creeks, Orange and Durham Counties,  

North Caro l ina ,  from Apr i l ,  1968 t o  June,  1970.  The r e s u l t s  were 

compared with t h e  movement p a t t e r n s  of some o the r  spec i e s  i n  the  b io -  

sphere a s  r epo r t ed  i n  t h e  l i t e r a t u r e .  

What i s  t h e  r o l e  of migra t ion  i n  t h e  many and v a r i e d  ecosystems 

i n  which it i s  found? Under what condi t ions  do groups of animals 

t h a t  migra te  have s e l e c t i v e  va lue  over o t h e r  groups t h a t  do not  migrate? 

How much energy i s  requi red  t o  migrate ,  and can enerqy be gained by 

migrat ion? What e f f e c t  does migra t ion  have on t h e  ecosystem of which 

it i s  a  component and v i c e  v e r s a ?  What percentage of an ecosystem's 

energy budget i s  t i e d  up i n  maintaining a migratory component? This 

s tudy cons iders  t h e  above ques t ions  f o r  a  small  warm-water stream i n  

t h e  piedmont reg ion  of  North Carol ina.  



Theories For hl igrat ion 

There may be s e l e c t i v e  advantages f o r  migrat ion p a t t e r n s  which 

lead  t o  success  of  t h e  migrants  and s u r v i v a l  of t h e  systems which 

support migrants .  Consider previous s t u d i e s  which d i scuss  

migra t ion  a s  a  mechanism f o r  improving t h e  chances of s u r v i v a l  of 

t h e  populat ion.  

Non-reproductory migratory movements may be undertaken f o r  t h e  

sake of s e l f  o r  spec i e s  p re se rva t ion  (Ijeape, 1931). Three p r i n c i p a l  

types  a r e :  a l imen ta l ,  o r  having t o  do with food; c l i m a t i c ,  o r  having 

t o  do wi th  extremes i n  c l imate  ( p a r t i c u l a r l y  tempera ture) ,  and 

gametic,  o r  having t o  do wi th  reproduct ion.  Heape considered t h a t  

t h e s e  d i f f e r e n t  migra t ion  types a r e  o f t e n  r e l a t e d :  "In a l l  animals 

which experience a  gametic migra t ion ,  a  r e t u r n  journey i s  involved 

which i s  d i r e c t l y  concerned with e i t h e r  c l i m a t i c  o r  a l imenta l  

condi t ions ."  According t o  him, t h e  r e t u r n  journeys o f t e n  can be 

considered nomadic; and non-gametic migra t ions  a r e  considered,  as  a  

r u l e ,  spasmodic o r  due t o  exc'eptional condi t ions--al though he d i scusses  

on t h e  next  page r e g u l a r  seasonal  movements of a r c t i c  animals which 

move i n  response t o  "not cold so much a s  want of food." 

bligration t o  Avoid Unfavorable Condit ions 

Al lee  e t  a l .  (1949, p. 539) s t a t e  t h a t  an organism has but  t h r e e  -- 
choices  when exposed t o  adve r s i ty :  it may d i e ,  a d j u s t ,  o r  migrate .  
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Thus,in t h e i r  d i scuss ion  of f l u c t u a t i o n s  i n  environmental cond i t i ons ,  

migra t ion  i s  considered a  ~ e c h a n i s m  f o r  removing t h e  organism from 

unfavorable  circumstances.  The reason f o r  r e t u r n  dur ing  more 

f avo rab le  circumstances i s  not a s  c l e a r l y  s p e l l e d  out .  

Migrat ion and Reproduct ion  ---.. "-,- - -- 
Migrat ion may b r ing  f i s h e s  back t o  a r eas  i n  which t h e i r  ances t r a l  

eggs developed. "In most i n s t a m e s  t h e r e  i s  a l s o  a  seasonal  o r  

p e r i o d i c a l  (non-spawning o r  l a r v a l )  migra t ion  a f f e c t i n g  t h e  immature 

and mature" (Meek, 1916). He cons iders  migra t ions  t h a t  occur  from 

deep t o  shallow reg ions  i n  a  l ake ,  movements up and down r i v e r s ,  and, 

p a r t i c u l a r l y ,  movements i n  va r ious  loca t ions  i n  t he  sea .  In t h e  

ocean, he says ,  t h e r e  i s  a  genera l  movement i n  toward shore f o r  

spawning, followed by d i s p e r s a l  seaward. This  p a t t e r n  r ecu r s  each 

year  with inc reas ing  amplitude a s  t h e  young mature. The r e s u l t  i s  

t h a t  t h e  o l d e s t  f i s h e s  d i s p e r s e  f a r t h e r  from shore  during non-spawning 

t imes.  Heape (1931) g ives  many examples of f i s h e s ,  b i r d s ,  and 

mammals with ex tens ive  migratory movements f o r  reproduct ion  without ,  

however, saying why an animal should migrate  t o  reproduce. 

Migrat ion and Optimal Use o f  F luc tua t ing  Environments 

Mayr and Meise (1930), a s  quoted i n  Cox (1968), suggested t h a t  

competi t ion f o r  food, p r i n c i p a l l y  a s  a  r e s u l t  of reproduct ive  excess ,  

i s  t h e  f a c t o r  favor ing  t h e  development of mechanisms al lowing seasonal  

occupat ion of a r e a s  with a l t e r a t i o n s  of  favorable  and unfavorable  con- 

d i t i o n s .  A r i go rous  approach to t h i s  problem has been undertaken by 

s tuden t s  of  S. C .  Kendeigh (S iebe r t ,  1949; West, 1960; Cox, 1961; 
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Zimmerman, 1965). These s t u d i e s  i nves t iga t ed  the  energy balance o f  

migra t ing  b i r d s  i n  terms of energy r equ i r ed  t o  migrate  and energy 

gained by being i n  d i f f e r e n t  p l aces  a t  d i f f e r e n t  t imes.  S i ebe r t  

concluded t h a t  southward migrat ion f o r  t he  s l a t e - co lo red  junco and t h e  

whi te - throa ted  sparrow was a  metabol ic  neces s i ty .  West came t o  t h e  

same conclusion f o r  t h e  t r e e  sparrow, bu t  d id  not  f i n d  t h a t  t h e  

nor thern  migra t ion  gained an improved energy balance.  Cox (1961) 

found t h a t  r e s i d e n t  t r o p i c a l  f i nches  would ga in  l i t t l e  by northward 

migrat ion.  Zimmerman, however, concluded t h a t  t h e  d i c k c i s s e l  gained 

an improved energy balance i n  both i t s  nor thern  and southern movements. 

Cox (1968) suggested d ivergent  adapta t ion  by both morphological 

and e tho log ica l  means. Given i n t e r s p e c i f i c  o r  i n t e r g e n e r i c  

competi t ion,  animals may broaden t h e i r  n iche  by exp lo i t i ng ,  f o r  

example, d i f f e r e n t  food sources;  o r ,  they  may broaden t h e i r  niche by 

e x p l o i t i n g  s p a t i a l l y  d i f f e r e n t  environments. Cox showed t h a t  wi th in  

taxonomic groupings (usua l ly  o rde r s  o r  f a m i l i e s ) ,  culmen (a p a r t  of  

t h e  beak) length  v a r i a b i l i t y  among spec i e s  was much g r e a t e r  f o r  b i r d  

groups t h a t  d id  not have a  high frequency of migratory members. 

Thus some b i r d  groups diverged by e x p l o i t i n g  d i f f e r e n t  food sources w i th in  

a  s i n g l e  environment, and oth.ers moved t o  d i f f e r e n t  a r eas .  There 

may be a  l i m i t  t o  food n iche  divergence a t  which animals must begin 

t o  e x p l o i t  new phys ica l  environments. llechanisms f o r  t h i s  a r e  discussed 

by Cox. 

Migratory p a t t e r n s  of animals a s soc i a t ed  with Texas e s t u a r i e s  

a r e  considered i n  r e l a t i o n  t o  t h e  primary product ion and environmental 



food supply by Odum and Nosltins (1958), Simmons and Hoese ( l959) ,  

H e l l i e r  (1960), Odum and  Yilson (1962), Copeland ( l965) ,  and Odum 

(1969). These s t u d i e s  emph2size how t h e  very  l a r g e  s p r i n g  product ion 

of t h e s e  a r eas  a r e  u t i l i zec l  by migrat ing animals,  e s p e c i a l l y  during 

t h e i r  j uven i l e  s t a g e s ,  and how t h e  migratory p a t t e r n s  a r e  such 

t h a t  maximvm use  i s  made o f  t h e  pu l se  i n  energy i n  those  ecosystems 

during t h e  l a t e  sp r ing ,  The migrations themselves a r e  seen as  a  

mechanism t o  even out t h e  flow of energy i n  t h e  system and d i s t r i b u t e  

energy and n u t r i e n t s .  Odum (1959) s t a t e s  t h a t  "Seasonal a.nd 

d iu rna l  migra t ions  not  only make p o s s i b l e  occupation of reg ions  

which would be unfavorable  i n  t h e  absence of  migrat ion but a l s o  

enable animals t o  maintain a  h igher  average d e n s i t y  and a c t i v i t y  

r a t e . "  

Another at tempt  t o  exp la in  t h e  reproduct ive  migrat ions of 

animals i n  r e l a t i o n  t o  s e l e c t i v e  advantages f o r  t h e  migrat ing 

popula t ion  and e n e r g e t i c  c h a r a c t e r i s t i c s  of  environments is  by 

Margalef (1963, 1968). He d i scusses  d i f f e r e n t  degrees of matur i ty  

i n  ecosystems. Margalef de f ines  ma tu r i t y  i n  terms of t h e  degree 

of o rgan iza t ion  of  t h e  ecosystem, which i s  not  n e c e s s a r i l y  r e l a t e d  

t o  chronologica l  age. According t o  him, l e s s  mature ecosystems a r e  

l e s s  e f f i c i e n t  i n  t h e i r  u s e  of  energy and support  l e s s  biomass on 

t h e  same energy flow. Thus t h e r e  i s  an excess  of a v a i l a b l e  energy 

t h a t  may be exported. More mature systems, with a  g r e a t  com- 

p l e x i t y  of b i o l o g i c a l  i n t e r a c t i o n s  and r e s u l t a n t  g r e a t e r  e f f i c i e n c y  i n  

energy use ,  produce no, o r  a t  l e a s t  l e s s ,  excess  energy. 

Margalef cont inues with t h e  argument t h a t  those  ind iv idua l  o r -  

ganisms t h a t  have developed behavior  p a t t e r n s  lead ing  t o  reproduct ion 
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i n  l e s s  mature ecosystems have l e f t  behind more o f f s p r i n g  and, t h e r e -  

f o r e ,  a r e  s e l e c t e d  f o r .  He g ives  examples of animals t h a t  tend t o  
&B 

spend t h e i r  a d u l t  l i f e  i n  more mature a r e a s  and reproduce i n  l e s s  

mature a r eas  o r  send l a r v a e  o r  reproduct ive  elements i n t o  them. 

Some examples a r e :  migra t ing  b i r d s  f l y i n g  t o  p o l a r  reg ions  t o  r e -  

produce, ben th i c  animals sending l a r v a e  i n t o  l e s s  mature p lanktonic  

environments, and c lupe id  f i s h e s  t h a t  spawn i n  l e s s  mature p a r t s  of 

t h e  coas t  of Spain and spend t h e i r  adu l t  l i v e s  i n  more mature 

reg ions .  Even t h e  seemingly enigmatic  s i t u a t i o n  of  e e l s  and salmon 

can be explained i n  t h i s  way, he says ,  s i n c e  t h e  s p e c i f i c  reg ions  t h a t  

both a d u l t  animals i n h a b i t  a r e  more mature than  t h e  s p e c i f i c  h a b i t a t  

of t h e  l a r v a e  of t h e  r e s p e c t i v e  f i s h e s .  

McLaren (1963) found i n  models of migrat ing zooplankton t h a t  

t h e  energy saved by l i v i n g  one-half  o f  t h e  day i n  co lder  water ,  

where metabolism was l e s s ,  was g r e a t e r  than t h e  energy used i n  t he  

process  of  migrat ion.  The energy gained by t h i s  process  could 

then be used f o r  growth and reproduct ion .  

Ricard (1968) cons iders  animal migra t ions  a s  an i n t e g r a l  p a r t  

of b i o l o g i c a l  rhythm. He sugges ts  t h a t  migra t ion  serves  a s  a  

mechanism f o r  r e g u l a t i n g  popula t ion  numbers of spec i e s  such as  

swallows, s i n c e  many members of a  popula t ion  a r e  l o s t  during m i -  

g r a t i o n .  This may a l s o  be t r u e  f o r  lemmings, although t h e i r  movement 

cannot be considered a  t r u e  migra t ion  s i n c e  t h e  lemmings do not 

r e t u r n .  Ricard a l s o  sugges ts  t h a t  animals move t o  d i f f e r e n t  a r eas  

where t h e i r  food i s  s easona l ly  more abundant. He gene ra l i ze s :  

"One must conclude, t h e r e f o r e ,  t h a t  migrat ion i s  not t h e  only s o l u t i o n  
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t o  t h e  problem of t h e  balance between animals and food resources ,  bu t  

t h a t  it i s  t h e  one t h a t  e x i s t s  8t t h e  p re sen t  time." 

According t o  F. R ,  Harden Jones (1969) migra t ions  a r e  "an 

adap ta t ion  f o r  abundance by making t h e  most of a  va r i ed  environment." 

In g iv ing  a  d e t a i l e d  a n a l y s i s  of migratory p a t t e r n s  of f i v e  groups 

of f i s h e s ,  he cons iders  how t h e s e  p a t t e r n s  have evolved t o  a i d  i n  

t h e  u t i l i z a t i o n  05 var ious  food sources.  

Fos t e r  (1969), i n  reviewing p o s s i b l e  causes f o r  t h e  development 

of migra t ion  i n  f i s h e s ,  cons iders  t h e  p o s s i b i l i t i e s  of changes i n  

food a v a i l a b i l i t y ,  c l ima te ,  s a l i n i t y ,  and topography over geologic  

time. The i n t e r a c t i o n  of e x p l o i t a t i o n  of new resources  with the  need 

f o r  t h e  a d u l t s  o r  eggs t o  s t a y  wi th in  c e r t a i n  phys io logica l  l i m i t s  

may have s e t  t h e  s t a g e  f o r  t h e  f i r s t  f i s h  migra t ions .  

One common f a c t o r  i n  a l l  t h e s e  previous s t u d i e s  i s  t h e  r o l e  of 

migra t ion  i n  i nc reas ing  t h e  flow of energy, o r  decreas ing  t h e  energy 

l o s s ,  t o  popula t ions  involved. Movements away from energy-consuming, 

food-poor, cold reg ions  i n  t he  win te r ,  a s  wel l  as  t o  energy-r ich 

a reas  of  high p roduc t iv i ty ,  can be considered i n  t h e s e  terms. The 

energy c o s t  of migrat ion has been considered by I d l e r  and Clemens 

(1959) , McLaren ( l963) ,  and Bre t t  (19 70) . 

Role of  Migrat ing Animals i n  hlineral Cycling 

Among t h e  f i r s t  au thors  t o  cons ider  t h e  p o t e n t i a l  of migrat ing 

animals f o r  r ecyc l ing  o r  important l i m i t i n g  minera ls  was Juday e t  - 
a l .  (19521, who specula ted  upon t h e  r o l e  of dead salmon i n  br inging  - 
phosphorus and o t h e r  minerals  t o  t h e  s t ream-lake ecosystems of t h e  
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salmon's e a r l y  l i f e  h i s t o r y .  Quan t i t a t i ve  work on t h i s  was under+ I,e:l 

by Donaldson (1967) and Krokhin (1967) who demonstrated t h e  very  l a r g e  
b.. 

r o l e  dead salmon had i n  supplying s u f f i c i e n t l y  high l e v e l s  of 

phosphorus t o  maintain p r o d u c t i v i t y  of  sockeye lakes  a t  a  s u f f i c i e n t  

l e v e l  t o  support  l a r g e  runs o f  salmon. 

Many f u r t h e r  examples may be present  i n  o t h e r  f i s h e s ,  v e r t i c a l l y  

migra t ing  plankton,  and migrat ing b i r d s .  With t h e  tremendous i m -  

por tance  of small  amounts of some t r a c e  elements now being recognized 

(Hutchinson, 1957; Goldman, 1969), p o s s i b i l i t i e s  do e x i s t  f o r  

migra t ions  t o  con t ro l  c r i t i c a l  n u t r i e n t s .  

Previous S tudies  on the  Movements of Fishes 

Nearly a l l  s t u d i e s  of f i s h  migra t ion  wi th in  f r e s h  water  have 

occurred with spec i e s  t h a t  a r e  a s soc i a t ed  e i t h e r  with lakes  o r  t h e  

ocean. Only a  small  amount of t h e  t o t a l  information a v a i l a b l e  con- 

cerns f i s h e s  t h a t  spend a l l  t h e i r  t ime wi th in  one f resh-water  stream. 

Movements To ta l ly  Within One Stream 

Many s t u d i e s  have been conducted over  t h e  years  t o  s tudy f i s h  

movements i n  s t reams.  Bangham and Bennington (1938) r e p o r t  a  r e -  

cap tu re  of only about 11 percent  of f i s h e s  seined and marked i n  a  

warm-water Ohio stream. Three cen t r a rch ids  (smallmouth bass ,  green 

sun f i sh  and rock bass)  had much h ighe r  (19-20) percentages of t a g  

r e t u r n s  than  d i d  o t h e r  spec i e s .  No marked f i s h  were recovcr~c; In  

ad jacent  one-mile s e c t i o n s  of s t reams loca ted  above and below the  

marking a rea .  They concluded from t h e s e  s t u d i e s  t h a t  f i s h  i n  t h e i r  

s t reams moved about very  l i t t l e .  Fur ther  evidence f o r  t h i s  view, 
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most of i t  based on r e t u r n s  of tagged f i s h  by s p o r t  fishermen, i s  

suppl ied  i n  Sco t t  (??d.9$ f o r  rock bass  i n  Indiana and by Tate  (19fl9) 

f o r  smallmouth bass  i n  some small s t reams i n  Iowa, Allen (1951) found 

l i t t l e  seasonal  movement of  t r o u t  i n  New Zealand, Gerking (1959) con- 

cluded t h a t  most f r e s h  water f j s h e s  had l imi t ed  home ranges,  and 

Gunning and Shoop (1961) found l i t t l e  s h o r t  range movement i n  stream 

dwell ing American e e l s .  

Other i n v e s t i g a t o r s  have come up wi th  o t h e r  conclusions.  S t e fan ich  

(1952) found some f i s h e s  t h a t  had moved and some t h a t  were s t a t i o n a r y  

i n  a  Montana cold-water stream. Brown (1961) found s i m i l a r  r e s u l t s  

f o r  warm-water f i s h  i n  Ohio. Bjornn and Mallet  (1964) found very 

d i s t i n c t  p a t t e r n s  of sp r ing  upstream movements and f a l l  downsteam 

movements f o r  n a t i v e  popula t ions  of c u t t h r o a t  t r o u t  and Dolly Varden. 

Some of t h e s e  f i s h  had t r a v e l e d  a t  l e a s t  50 t o  60 miles .  Considerably 

g r e a t e r  numbers of f i s h  were recaptured  i n  a r eas  o u t s i d e  of t he  

o r i g i n a l  cap ture  a r e a  than  wi th in .  Behmer (1964) found d i f f e r e n t  

p a t t e r n s  of movement f o r  d i f f e r e n t  warm-water f i s h e s  i n  Iowa, i n -  

c luding  some movements of 40 mi les .  Hunt (196A) r epor t ed  t h a t  wild 

brook t r o u t  i n  Laurence Creel:, Wisconsin, used upstream reaches of 

t h e  creek f o r  spawning much more than  they  used downstream areas ,wi th  

t h e  in fe rence  t h a t  t h e  t r o u t  moved upstream t o  spawn. He a l s o  

found cons iderable  d i s p e r s i v e  movements of young t r o u t ,  gene ra l ly  

i n  a downstream d i r e c t i o n .  S h e t t e r  (1368) found complicated p a t t e r n s  

of t r o u t  movement i n  t h e  Au Sable River i n  Michigan. Many d id  not  

move; some move up and some moved down, with no p a r t i c u l a r  seasonal  

p a t t e r n  ev ident .  The p a t t e r n s  d i f f e r e d  from one watershed t o  another .  
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S h e t t e r l s  s tudy,  a s  a l l  those  l i s t e d  so f a r ,  i s  based on r e c a p t u r t  

of marked f i s h  e i t h e r  by se in ing ,  e l e c t r i c  shocking, o r  ang le r  r e -  

t u rns .  

One answer t o  t h e s e  complicated p a t t e r n s  of  movement ( including 

no movement) i s  suppl ied  by Funk (1955), who suggested t h a t  many 

stream f i s h e s  have both a  mobile and a  sedentary  popula t ion  of each 

spec ies .  As i n  o t h e r  s t u d i e s ,  h i s  work ind ica t ed  va r i ed  p a t t e r n s  of 

f i s h  movements. Some f i s h  moved up, some moved down,and some d id  not  

move a t  a l l .  This was t r u e  both  f o r  spec i e s  groups and f o r  d i f f e r e n t  

i nd iv idua l s  w i th in  a  spec i e s .  A l l  important f i s h  spec i e s  showed a 

g r e a t e r  tendency t o  move i n  t h e  sp r ing  than  during t h e  summer. Re- 

s u l t s  of f i s h  movements i n  t h e  f a l l  were va r i ed .  

Unfortunately,  almost a l l  of t h e s e  d a t a  a r e  heavi ly  b iased  by 

t h e  sampling procedures.  hfuch more f i e l d  work was done i n  summers 

than  a t  o the r  t imes of t h e  year .  More sampling was done i n  a reas  

r e a d i l y  a c c e s s i b l e  t o  v e h i c l e s ,  hence angl ing  p re s su re  a l s o  tended 

t o  be concent ra ted  a t  t h e s e  a r eas  causing b i a s  of r e s u l t s  toward 

r ecap tu re s  i n  t h e  a r ea  of  o r i g i n a l  cap ture .  Some s t u d i e s  considered 

r ecap tu re s  wi th in  t h e  same pool a s  r e p r e s e n t a t i v e  of no movement, 

o t h e r s  included a l l  f i s h  captured wi th in  one mile  of t h e  sampling s i t e .  

The o v e r a l l  p i c t u r e  f o r  streams t o  d a t e  i s  confusing.  A s i m i l a r  

conclusion i s  reached i n  a  l i t e r a t u r e  survey by Carpenter (1967). 

Movements of  F ishes  i n  Streams with Adjoining Lakes 

On t h e  o t h e r  hand t h e r e  i s  a  f a i r l y  c o n s i s t e n t  p a t t e r n  of f i s h  

spawning runs  from lakes  and ponds t o  inf lowing o r  outflowing s treams.  

Stream dwell ing brook t r o u t  moved upstream i n  t h e  f a l l ;  brown and 
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rainbow t r o u t  were p r i n c i p a l l y  captured moving upstream i n  the  spr ing  

and summer (She t t e r ,  19%) .  Suckers,  which were t h e  most important 
C 

f i s h  captured dur ing  t h i s  s tudy  i n  terms of  numbers and mass, were 

captured moving downstream i n  t h e  sp r ing  and upstream i n  t h e  f a l l .  

S h e t t e r  sugges ts  t h a t  t h i s  i s  probably a spawning run from lakes  t h a t  

a r e  l oca t ed  above t h e  counting weir .  Northern p ike  gene ra l ly  moved 

downstream, and o t h e r  f i s h e s  had l e s s  c o n s i s t e n t  p a t t e r n s .  During 

t h e  one year  of S h e t t e r v s  s tudy,  approximately equal numbers of f i s h  

were captured moving upstream a s  down. No d a t a  were given a s  t o  t h e  

s i z e  of t h e  f i s h e s  moving upstream and down. 

Raney and Webster (1942) and Ra.yner (1942) found runs of 

spawning common white  suckers  and rainbow t r o u t  i n  an i n l e t  t o  

Skanea te les  Lake, New York. The suckers  moved upstream i n  Apr i l  and 

May and back downstream sometime l a t e r  i n  ?lay. The rainbow t r o u t  

migrated i n t o  t h e  s t ream dur ing  t h e  second and t h i r d  week i n  Apri l  

and appeared t o  s t a y  i n  t h e  stream f o r  f i v e  days t o  two months. 

Other s t u d i e s  done i n  Michigan us ing  two-way f i s h  wei rs  (Carbine 

and S h e t t e r ,  1943) showed t h a t  t r i b u t a r y  s t reams cont r ibu ted  many 

small brook t r o u t  t o  t h e  main stream of  Hunt Creek and t h a t  l a r g e  

sp r ing  runs  of suckers  and redhorses  moved downstream from Houghton 

Lake i n t o  Muskegon River.  Some of t h e  suckers  and redhorses  r e tu rned  

upstream; but  t h e  ma jo r i t y ,  apparent ly  d.id no t ,  and many dead spent  

f i s h  were observed j u s t  a f t e r  spawning. S imi la r  r e s u l t s  were obtained 

a t  Lake Gogebic. Large upstream runs  of suckers  and rainbow t r o u t  

were captured  i n  a two-way weir i n s t a l l e d  a t  t h e  mouth of  t h e  P l a t t e  

River where it e n t e r s  Lake Michigan. About 20 t imes more f i s h  were 



captured moving up t h e  P l a t t e  t han  down. Most of t h e  f i s h  movement 

occurred dur ing  t h e  month of  Apr i l  and was apparent ly  a s soc i a t ed  

with spawning. In t h e  Brule River of  Wisconsin (Niemuth, 1967), 

heavy runs  of excep t iona l ly  l a r g e  brown t r o u t  moved out of Lake 

Superior  during t h e  summer and f a l l  f o r  spawning. Large numbers of 

t h e s e  f i s h  d ied  a f t e r  spawning, although some r e tu rned  t o  t h e  l ake  

t h e  fol lowing sp r ing .  Young t r o u t  s tayed  i n  t h e  r i v e r  f o r  about 

two yea r s ,  then  moved down t o  the  lake.  Warner (1959) found t h a t  

landlocked salmon moved downstream from l a r g e  l akes  i n  Maine t o  

spawn and t h a t  t h e  major i ty  r e tu rned  t o  t h e  lakes  a f t e r  spawning. 

Perhaps t h e  most i n t e n s i v e  s tudy of t h e  r e l a t i o n  of lake-dwelling 

f i s h  and spawning s treams has been conducted by Martman e t  a l .  (1962) -- 
i n  Loon Lake, B r i t i s h  Columbia, wi th  n a t u r a l l y  occurr ing  rainbow t r o u t .  

Both i n l e t  and o u t l e t  streams were used f o r  spawning, a l though t h e  

i n l e t  s t ream was used much more heavi ly .  Both spawning runs  apparent ly  

had a  l a r g e  m o r t a l i t y  of spawning f i s h .  

A common c h a r a c t e r i s t i c  i n  most of  t h e s e  s t u d i e s  i s  t h a t  more f i s h  

a r e  captured  going from t h e  l akes  i n t o  t h e  streams than v i c e  versa .  -- 
Since a l l  weirs  used f o r  t h e s e  s t u d i e s  had mesh s i z e s  t h a t  allowed 

juven i l e  f i s h  t o  pass ,  t h e  movements f o r  t h e  t o t a l  popula t ions  a r e  

unknown. There may b e  a  s u b s t a n t i a l  r e t u r n  of small  f i s h .  In  add i t i on ,  

most of t h e s e  s t u d i e s  i n d i c a t e  t h a t  t h e  movements of f i s h  i n t o  the  

streams were a s s o c i a t e d  with spawning a c t i v i t i e s  and t h a t  a  l a r g e  

percentage of t h e  spawning f i s h  f a i l e d  t o  r e t u r n  t o  t h e  l ake  from which 

they o r i g i n a l l y  came. 



Movements of F ishes  Between Fresh and S a l t  Water 

Some spec i e s  of f i s h  t h a t  move between f r e s h  and s a l t  water have 

been s tud ied  in t ens ive ly .  The movements of salmon a.nd e e l s  have 

been reviewed by Harden Jones (190R), and t h e  g e ~ e s a l  l i f e  h i s t o r y  

p a t t e r n s  of  t h e s e  f i s h e s  i s  wel l  known. Banks (1969) has reviewed 

t h e  l i t e r a t u r e  on t h e  movement of salmon from the  sea  t o  t h e i r  

spawning grounds. Fishes such a s  salmon, t h a t  spend t h e i r  adu l t  

l i f e  i n  s a l t  water  but  spawn i n  f r e s h  waters ,  a r e  known as  anadro- 

mous; whi le  t hose  t h a t  do t h e  r eve r se ,  such as  e e l s ,  a r e  known as  

catadromous. 

The l i f e  h i s t o r y  of  s e v e r a l  o t h e r  A t l a n t i c  anadromous f i s h ,  

such a s  alewives,  shad, and s t r i p e d  bass ,  a r e  reviewed by Bigelow 

and Schroeder (1953), Talbot  and Sykes (1958), and Mi l l e r  (1969). 

S tud ie s  of the'movements of brook t r o u t  between f r e s h  and s a l t  water  

have been done by Smith and Saunders (1958, 1967, 1968) on Prince 

Edward Is land .  Sumner (1962) s tud ied  t h e  movements of c u t t h r o a t  

t r o u t  between f r e s h  and s a l t  water i n  Oregon. Many o the r  s ea  

f i s h e s ,  such a s  ta rpon  and snook, t r a v e l  f r e e l y  between f r e s h  and 

s a l t  water  i n  movements apparent ly  not  d i r e c t l y  connected with 

spawning (Breder, 1948). 

Movements of F ishes  i n  t h e  Open Sea 

The movements of P a c i f i c  salmon on t h e  open sea  have been 

summarized by Manzer (1960), Neave (1964), and Royce e t  a l .  (1968). -- 
These papers  p re sen t  evidence f o r  extremely fa r - ranging  movements of 

some ind iv idua l  f i s h  t h a t  may encompass almost t he  e n t i r e  P a c i f i c  

Ocean. The f i s h e s  appear t o  fo l low f a i r l y  wel l  def ined  rou te s ,  



o f t e n  i n  a  broad c i r c u l a r  p a t t e r n ,  and r e t u r n  t o  t h e i r  parent  

s t reams from two t o  seven yea r s  a f t e r  t h e i r  en t rance  i n t o  t h e  sea .  

The movements of c t h e s  f i s h e s  a r e  i n  many cases  not  wel l  

known. S t rasburg  (1969) and Royce (1967) r e p o r t  t h a t  a v a i l a b l e  

evidence i n d i c a t e s  a  movement t o  t h e  no r th  of b i l l f i s h e s  i n  

summer and a  r e t u r n  southward i n  win ter .  Neave and Hanavan (1960) 

found a  northward movement of many spec i e s  from May t o  August and 

September. Mather (1969) r e p o r t s  east-west  A t l a n t i c  migrat ions of 

b l u e f i n  t una  and seasonal  north-south movements of white marl in .  

Seasonal north-south movements f o r  s eve ra l  spec i e s  of no r theas t  

P a c i f i c  Ocean s o l e  have heen repor ted  by Alverson e t  a l .  (1964). -- 
F. R.  Harden Jones (1968) summarized much of t h e  a v a i l a b l e  evidence 

concerning movement of many North Sea f i s h e s  t o  and from breeding 

and winter ing  grounds. 

Statement of  Purpose 

Many of  t h e s e  previous s t u d i e s  show migra t ion  of f i s h e s  t o  be 

prominent. Presumably, t h e s e  movements involve cons iderable  amounts 

of energy, poss ib ly  enough t o  be i n f l u e n t i a l  i n  c o n t r o l l i n g ,  d i r e c t l y  

o r  i n d i r e c t l y ,  t h e  main flows of  energy wi th in  t h e i r  ecosystems. To 

s tudy t h i s  p o s s i b i l i t y  more f u l l y  r equ i r e s  measurements of migra t ion  

and energy budgets i n  t h e  same ecosystem, i n  o rde r  t o  determine t h e i r  

r o l e s  and r e l a t i v e  magnitudes. This  was done f o r  a  New Hope Creek, 

a  small  s t ream loca t ed  i n  Duke Fores t ,  North Carol ina.  

Descr ip t ion  of Study Area 

New Hope Creek i s  a  r e l a t i v e l y  small  piedmont s t ream loca t ed  i n  

Orange, Durham, and Chatham count ies ,  North Caro l ina  (Figure 1 ) .  I t s  



Figure  1. Location of sampling s t a t i o n s  on New Hope and 

Morgan Creeks, North Carol ina.  Each s t a t i o n  was given a mnemonic 

name. S t a t i o n  1 i s  "Way up"; 2 i s  "Horsefield"; 3 i s  lfBlackwoodw; 

4 i s  "Weight l i m i t  10"; 5 i s  "Wood Bridge"; 6 i s  "Jungle"; 7 i s  

'Toncre te  Bridge", a l s o  "Big Pool" s t a t i o n  i s  loca t ed  about 100 

meters upstream from "Concrete BridgeM; 8 i s  nP-66ff; and 9 i s  

"Pipeline." "Blackwood", "Wood Bridge", and "Concrete Bridge" - 

"Big Pool" s t a t i o n s ,  numbers 3, 5,  and 7 ,  were most heavi ly  

sampled. M i s  t h e  l o c a t i o n  s a p l e d  on Morgan Creek. 







waters flow i n t o  New Nope River and then i n t o  Haw River and Cape 

Fear River .  The p r i n c i p a l  s t ~ t d y  a r e a  i s  l oca t ed  i n  t he  Korst ian 

Div is ion  of Duke ForesC hetween Chapel H i l l  and Durham. The stream 

i n  t h i s  reg ion  i s  chamc?er ized  by a  moderate g rad ien t  (3.96 m km-') 

and v i r t u a l  lack  of  p o l l u t i o n .  The average width i s  about 5 m and 

the  average depth i s  about 0.4 m. Rocky r ap ids  a l t e r n a t e  with deep 

l a r g e  pools  (Figure 2 ) .  The water i s  normally c l e a r ,  although 

t h e  stream becomes t u r b i d  during f loods .  

New Hope Creek i s  r e l a t i v e l y  unaf fec ted  by man's a c t i v i t i e s  

and has t h e  b i o l o g i c a l  c h a r a c t e r i s t i c s  of a  d i v e r s e  and hea l thy  

stream. Larvae of mayfl ies ,  s t o n e f l i e s ,  caddis  f l i e s  and many o t h e r  

i n s e c t s  a r e  abundant i n  t h e  r i f f l e s  and t h e  f i s h  l i f e  i s  d ive r se .  

The North Caro l ina  Divis ion of Inland F i s h e r i e s  has c l a s s i f i e d  t h e  

creek a s  a  "Robin-Warmou.th" stream (Carnes, Davis and Tatum, 1964) 

and cons iders  t h e  s t ream t o  be one of t h e  b e s t  f i s h i n g  streams i n  

t h e  Deep-Haw watershed. However, f i s h i n g  p re s su re  i s  l i g h t  i n  t h e  

po r t ion  of t h e  creek s tud ied .  Much of t h e  watershed l i e s  wi th in  t h e  

Duke Fores t  and t h e  r e s t  runs through f o r e s t e d  a reas  with an 

occas iona l  farm. Very s l i g h t  add i t i ons  of domestic sewage e n t e r  

from s e v e r a l  sources  near  t h e  headwaters. About 3.8 km below t h e  

s tudy a r e a ,  however, t r e a t e d  sewage from t h e  town of Durham e n t e r s  t h e  

creek. Very low oxygen ( <  1.0 ppm) was occas iona l ly  found below t h e  

po in t  of sewage a d d i t i o n  dur ing  t h i s  s tudy.  

New Hope Creek, l i k e  many o t h e r  piedmont streams of North Caro l ina ,  

i s  s u b j e c t  t o  extreme f l u c t u a t i o n s  i n  water  l e v e l s .  During the  two 

years  s tud ied  summer water flows dropped t o  almost zero,  although 



Figure  2.  a .  A t y p i c a l  r i f f l e  s t r e t c h  of New Nope Creek, 

l oca t ed  j u s t  above t h e  Concrete Bridge s t a t i o n .  b. A t y p i c a l  pool 

of New Hope Creek, l oca t ed  j u s t  above t h e  Big Pool sampling 

s t a t i o n .  This p a r t i c u l a r  pool i s  over 150 m long and 16 m wide. 







numerous l a r g e  pools  remained. F a l l ,  win ter  and sp r ing  f loods were 

f a i r l y  f requent  and r a i s e d  t h e  water  flow t o  a s  much a s  14.2 nS 

second-' (400 cu. f t .  second-'). During t h e s e  per iods  t h e  stream 

expanded wel l  beyond t h e  banks and t h e  water became q u i t e  muddy. 

Morgan Creek, l oca t ed  j u s t  west of Chapel Hill, i s  a  smal le r  

stream which flows i n t o  Univers i ty  Lake,a 70 ha a r t i f i c i a l  i m -  

poundment, about 3 km below t h e  s tudy s i t e .  .Morgan Creek above 

Univers i ty  Lake i s  a l s o  v i r t u a l l y  unpolluted and sha.res many phys ica l  

c h a r a c t e r i s t i c s  and spec i e s  of f i s h  with New Hope Creek. 

Q u a l i t a t i v e  Energy Flow Diagram f o r  Migration i n  New Hope Creek -. 

Figure 3 shows a  q u a l i t a t i v e  energy flow diagram f o r  migrat ion 

i n  New Hope Creek. The symbols used a r e  those  developed by H. T. 

Odum (1967a, 1967b, 1969; Figure 4 ) .  Q u a n t i t a t i v e  d a t a  on some of 

t h e s e  flows a r e  made a v a i l a b l e  l a t e r  i n  t h i s  t h e s i s .  

The u l t i m a t e  source of t h e  energy t h a t  runs the  hydrology and 

t h e  biology of New Hope Creek i s ,  of course,  t h e  sun. Energy flows 

from t h e  sun t o  green p l a n t s  i n  t h e  water ,  such as  ben th i c  a lgae ,  

aqua t i c  macrophytes, and pseudophytoplankton. Energy i s  then 

t r a n s f e r r e d  through food chains t o  t h e  f i s h  populat ions.  Sun energy 

a l s o  e n t e r s  New Hope Creek in ' d i r ec t ly  through t h e  Duke Fores t  t r e e s ,  

which drop t h e i r  l eaves  i n t o  t h e  water ,  and through t h e  organisms t h a t  

feed on t h e s e  leaves .  About one-half of a l l  t h e  energy requi red  t o  run 

the  b io logy  of t h e  stream e n t e r s  i n  t h i s  fash ion .  The s to rage  tanks 

r ep re sen t  t h e  accumulation of organic  ma te r i a l  produced by t h e  primary 

producers t h a t  i s  no t  immediately used by higher  t r o p h i c  l e v e l s .  An 

obvious example i s  t h e  accumulation of dead leaves  on t h e  bottom of t h e  



Figure  3 .  Energy c i r c u i t  diagram f o r  migrat ion i n  New Hope 

Creek. See t e x t  f o r  explanat ion.  





Figure  4 .  Symbols usccl in e r x r g y  ne twork  d i a ~ r a ~ : ; ,  F,-o;:I 1:. T. 

Oduni, (1967a). 
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stream, many of which a r e  not  eaten u n t i l  t he  fol lowing spr ing .  

Migrat ion of  f i s h e s  and o t h e r  organisms i s  represented  by t h e  

dashed l i n e s  connecting t h e  popula t ions  of f i s h e s .  The usage of  energy 

a t  any one p l ace  i n  t h e  stream i s  t o  a  c e r t a i n  ex t en t  dependent upon 

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

of t h e  stream. An i n d e f i n i t e  number of such product ion- f i sh  popula t ion  

s e t s  could be drawn rep resen t ing  d i f f e r e n t  p a r t s  of t h e  stream. 



MATERIALS AND METHODS 

The genera l  p l an  f o r  t h e  s tudy over a 27-month per iod  

included s t u d i e s  of upstream and downstream migra t ion  a t  s eve ra l  

double-weir s t a t i o n s  and measurements of  photosynthesis  and 

r e s p i r a t i o n  i n  va r ious  s e c t i o n s  of t h e  stream us ing  changes i n  

oxygen concent ra t ion .  

Physical  and Chemical Data 

C h a r a c t e r i s t i c s  of  t h e  Sampling S t a t i o n s  

Nine sampling s t a t i o n s  f o r  oxygen and/or fish-movement ana lys i s  

were e s t a b l i s h e d  on New Hope Creek and one on Morgan Creek. The 

l o c a t i o n s  o f  t h e  sampling s t a t i o n s  a r e  given i n  Figure 1, and some 

c h a r a c t e r i s t i c s  o f  each s t a t i o n  a r e  given i n  Table 1. 

Discharge 

Current v e l o c i t i e s  were measured with an A. O t t  (#I36241 'pigmy1 

cu r ren t  meter,  To ta l  stream flow was determined by measuring the  

r a t e  of flow e i t h e r  i n  about. 1 2  p o i n t s  i n  a  g r i d  p a t t e r n  i n  t h e  s t ream 

(during f lood  s t a g e s )  o r  i n  t h e  middle of  fou r  38 cm p ipes  through 

which a l l  water flows under t h e  concre te  br idge .  The t o t a l  d i scharge  

was c a l c u l a t e d  a s  t h e  summation of each flow r a t e  t imes the  c ross  

s e c t i o n a l  a r e a  represented  by t h a t  flow r a t e .  Daily s t a g e  measurements 

were maintained, and a  graph of  s t a g e  versus  d ischarge  was cons t ruc ted  



Table  1. Some C h a r a c t e r i s t i c s  o f  t h e  Var ious  Sampling S t a t i o n s  

S t a t i o n  
Ki lometers  above Stream Bottom 

Erwin Road width  Type 

1. Way up 

2. H o r s e f i e l d  

3 .  Blackwood 

4. WL 1 0  

5. Wood Bridge 

6. J u n g l e  

7. Big Pool 

18.0 3.0 (a )  sand and g r a v e l  

14.3 4 .0  (a )  sand and g r a v e l  

12.5 8.3 s i l t  and sand 
and b o u l d e r s  

10.6 lO.O(a) s i l t  

6 .0  b o u l d e r s  and 
g r a v e l  

10.0 b o u l d e r s  and 
g r a v e l  

3.3 14.2 bou lders  and 
g r a v e l  

8. Concrete  Bridge 3.2 5.1 ha rd  rock 

9. P i p e l i n e  (b) 5.0 (below) 15.0 s i l t  and s l u d g e  

Morgan Creek ---- 4.0 sand and b o u l d e r s  

a.  e s t i m a t e d  

b. below o u t l e t  from Durham Sewage Treatment P l a n t  
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(Figure 5) from which d a i l y  flow r a t e s  were read.  Discharge a s  

m3 s c  was computed a s  0.02832 times d ischarge  a s  cubic  f e e t  

per  second ( c f s )  . 
Stream Morphology: Depth --- and Width ".. 

Stream width and depth were measured a t  50 o r  100 m i n t e r v a l s  

f o r  one o r  two km above each major oxygen sampling s i t e .  Each 

i n t e r v a l  between t h e  Concrete Bridge and t h e  Wood S t a t i o n s  was 

marked o f f  with a 50 m s t r i n g .  I n t e r v a l s  a t  o t h e r  l oca t ions  were 

determined by pacing o f f  100 m. A marked t a p e  was stretched. across  

a t  each loca t ion ;  t h e  width was measured and depths were taken a t  

1 m i n t e r v a l s .  The average depth f o r  each stream i n t e r v a l  was 

computed a s  t h e  a r i t h m e t i c  mean o f  a l l  t h e  depth measurements i n  

t h a t  i n t e r v a l .  

The average width and depth f o r  t h e  s e c t i o n  of stream over 

which water flowed during one hour was c a l c u l a t e d  from: 

where D i s  t h e  d ischarge  of t h e  stream a t  t h a t  time i n  m3 h r - l ,  L 

i s  t h e  length  i n  m of each stream bed segment. Wn i s  t he  width 

i n  m of t h e  stream a t  each success ive  sampling l o c a t i o n  (50 o r  100 m), 

Idn i s  t h e  average depth i n  m a t  t h a t  l oca t ion ,  and n i s  t h e  t o t a l  

number of  sample segments necessary f o r  [(w,) (On) (L,)] t o  equal 

one hour ' s  water d i scharge .  The t o t a l  l ength  o f  n stream segments 

was t h e  length  of stream through which t h e  water  flowed i n  one hour. 

Once t h i s  t o t a l  l ength  was found t h e  average of  a l l  width and depth 



Figure 5. Water stage vs. discharge. Abscissa = stage level 

in inches (cm) above zero flow. Ordinate = discharge in 103 m3 

day-l. The break before the last two values occurs as the stream 

overflows its banks. 





measurements i n  t h a t  i n t e r v a l  was a l s o  found. These va lues  weri 

used f o r  c a l c u l a t i o n s  of stream metabolism. 

Time i n t e r v a l s  f o r  water  masses t o  flow between two p o i n t s  

was computed from stream morphology a s  fo l lows:  

where t i s  t h e  time, i n  hours ,  f o r  t h e  water mass t o  flow t h a t  

d i s t a n c e ,  D is  t h e  d ischarge  i n  m3 h r - l ,  i s  t he  mean width o f  

t h e  s t ream i n  t h e  i n t e r v a l  between t h e  two p o i n t s ,  and i s  t h e  

mean depth i n  t h a t  same i n t e r v a l .  Time i n t e r v a l s  were a l s o ,  on one 

occasion,  checked with dye. The t u r b u l e n t  and va r i ed  na tu re  o f  t h e  

s t ream made t h i s  method d i f f i c u l t ,  s i n c e  t h e  mass of dye i n  t he  

c u r r e n t  t r a v e l e d  much f a s t e r  than  s i d e  eddies .  The r e s u l t s  were about 

40 percent  lower t han  t h e  morphology method, bu t  were not  d i f f e r e n t  

enough t o  e f f e c t  metabol ic  c a l c u l a t i o n s .  

I n s o l a t  i on  

Est imates  of  r e l a t i v e  amounts of i n s o l a t i o n  pene t r a t ing  

t r e e  canopies a t  two reg ions  of  New Hope Creek were made with a  Weston 

M ~ d e l  756 i l l umina t ion  meter'. This  measured t o t a l  i nc iden t  sun l igh t  

i n  foot-candles. 

Measurements were made on a  completely c loudless  day. Est imates  

of r e l a t i v e  sun energy reaching New Hope Creek a t  d i f f e r e n t  l o c a t i o n s  

were made by sampling every 100 meters f o r  a  d i s t a n c e  of 1 km above 

oxygen sampling s i t e s .  Each s p e c i f i c  l o c a t i o n  was determined by 

pacing o f f  approximately 100 m ,  t hen  t ak ing  a  reading  a t  t h e  c e n t e r  

of t h e  s t ream j u s t  above t h e  s u r f a c e  of t h e  water.  Since t h e  



i n s o l a t i o n  was patchy,  t h e  l igh t  r e c e p t o r  was moved i n  an a r c  a t  

a rmqs  l eng th  and an average reading  was taken.  

In add i t i on ,  t o t a l  i n s o l a t i o n ,  both i n  a c l e a r  f i e l d  and under 

a hardwood canopy, was obtained wi th  an Epply pyrohel iometer  from 

t h e  I n t e r n a t i o n a l  Bio logica l  Program s i t e  loca ted  i n  another  s e c t i o n  

of  Duke Fores t  (Blackwood d i v i s i o n )  which i s  about 200 m from t h e  

watershed of t h e  headwaters of  New Hope Creek (Figure 1, n o r t h  of  

S t a t i o n  1 ) .  

Stream Temperature 

Temperature on each sampling d a t e  was msasured, gene ra l ly  i n  

t h e  l a t e  a f te rnoon,  us ing  a s tandard  l abo ra to ry  thermometer. 

Diurnal temperatures  taken with t h e  oxygen-temperature recorder  

were co r r ec t ed  a s  explained i n  t h e  s e c t i o n  on "Metabolic S tudies . "  

A l l  d i u r n a l  temperatures  above 5' C va r i ed  dur ing  t h e  day. Since t h e  

l a t e r  a f te rnoon temperatures  were, almost without  except ion,  about 

2" C warmer than  t h e  average temperature f o r  t h e  day,  average tempera- 

t u r e s  f o r  days on which d i u r n a l  temperatures  were no t  run were com- 

puted a s  t h e  l a t e  a f te rnoon temperature minus 2. 

To ta l  Phosphorus i n  Water 

A l l  phosphorus and n i t rogen  a n a l y s i s  were based on FWPCA (1969). 

To ta l  phosphorus i n  s t ream water was determined us ing  a Technicon 

Auto-analyzer with a 660 mu f i l t e r  and a 5 cm flow c e l l .  Samples 

were c o l l e c t e d  i n  100 m l  polyethylene b o t t l e s  t o  which 40 mg of Hg 
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l i t e r - '  had been added a s  a p re se rva t ive .  The samples were f r o z e n  

u n t i l  analyzed. 

Samples were d iges t ed  i n  an au toc lave  with p e r s u l f a t e  and 

s u l f u r i c  ac id .  Phosphorus a n a l y s i s  was by co lor imet ry  fol lowing 

stannous c h l o r i d e  r educ t ion  and t h e  formation of a phosphomolybdate 

complex. 

Phosphorus i n  Organisms 

Est imates  o f  t o t a l  phosphorus contained i n  s eve ra l  spec i e s  of 

hardwood leaves  fol lowing abscission (Woodwell, 1970) and i n  a 

mixed f o r e s t  (Gosz e t  a l . ,  1970) were averaged t o  g ive  approximate -- 
values  (0.041 percent  P dry  weight) f o r  leaves  f l o a t i n g  down New 

Hope Creek. 

Est imates  of t o t a l  phosphorus i n  f i s h  were taken from va lues  

suppl ied  by Vinogradov (1953) and Donaldson (1963). These were 

approximately 0.3 percent  P by weight f o r  many spec i e s  of f i s h  and 

0.4 percent  P f o r  whole sockeye salmon, r e spec t ive ly .  An approximate 

va lue  of 0.35 percent  wet weight was used f o r  c a l c u l a t i o n s  i n  t h i s  

t h e s i s .  

Tota l  Nitroeen i n  Water 

To ta l  n i t rogen  was a l s o  analyzed on t h e  Technicon Autoanalyzer. 

Samples were taken from t h e  same b o t t l e s  a s  f o r  P a n a l y s i s ,  and 

analyzed c o l o r i m e t r i c a l l y  fol lowing d i g e s t i o n  with a s u l f u r i c  a c i d  

s o l u t i o n  conta in ing  potassium s u l f a t e  and mercuric s u l f a t e .  The 

b lue  c o l o r  measured r e s u l t s  from t h e  a d d i t i o n  of a l k a l i n e  phenol, 

sodium hypoch lo r i t e  and sodium n i t r o p r u s s i d e .  



Stream Conductivity 

The conductivity of water samples from New Hope Creek was 

determined with a Yellow Sprin.gs Instruments Company Model 31 

conductivity bridge. 

Discharge of Leaves 

Estimates of (dry weight) leaves flushed downstream were made 

from June 13, 1968 to June 12, 1969. During normal water levels 

the leaves that accumulated on the upstream side of the 1/4 

inch (0.6 cm) hardware-cloth weir were removed every day or two. 

During flood levels, when it was impossible to maintain the weirs, 

leaves were sampled by holding a 50-foot (16.4 cm) fish seine with 

a mesh size of 0.4 cm across the stream for 15 minutes (sometimes 

less during exceptionally heavy flow). The weight of leaves moving 

downstream in 24 hours was calculated assuming constant flow. On 

days during which leaf discharge was not measured, estimates were 

obtained by reading values from the graph of water stage versus 

leaf discharge (Figure 6). This was possible because of the nearly 

linear relation of total leaves discharged to the water stage 

when plotted on semi-log paper. Although there was a tendency for 

greater leaf discharge for a given water level to occur during the 

fall, this was not sufficiently consistent to use seasonal correc- 

tions in reading the graph. The calculations made using these 

data did not require precise measurements. 



Figure  6. To ta l  mass of leaves  (dry weight) discharged per  

day i n  s t ream flow a t  Concrete Bridge S t a t i o n  vs .  s t a g e  l e v e l  

(o rd ina t e )  i n  cent imeters  above zero flow. 
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Metabolic S tudies  

E n t i r e  ecosystems, l i k e  ind iv idua l  organisms, produce and use  

energy t o  main ta in  l i f e .  T h i s  process  can be measured by determining 

t h e  t o t a l  amount of oxygen, o r  carbon d ioxide ,  produced and consumed. 

The fol lowing s e c t i o n  desc r ibes  how t h e s e  gases   rer re measured i n  

New Hope Creek and a r e  used t o  e s t ima te  metabolism, 

Dissolved Oxygen, Winkler Method 

Est imates  of community metabolism f o r  New Hope Creek were made 

from d iu rna l  v a r i a t i o n s  i n  d isso lved  oxygen and pH. Oxygen was 

measured both by t h e  az ide  modi f ica t ion  of t h e  Winkler method and 

by an automatic  f i e l d  temperature and oxygen r eco rde r  (Rustrak 

Model 192) used with e i t h e r  a Yellow Spring Instrument #5419 probe 

o r  Rustrak #I921 probe. 

The Winkler de te rmina t ions  were made fo l lowing  Standard Methods 

(American Publ ic  Heal th Assoc ia t ion ,  1965). For t he  d i u r n a l  

s t u d i e s ,  samples of water were taken  every two o r  t h r e e  hours f o r  

24 hours a t  s tandard  s t a t i o n s .  A simple tube  device  minimized 

oxygen d i f f u s i o n  from t h e  a i r  dur ing  f i l l i n g  of t h e  300 m l  sampling 

b o t t l e  (Figure 7 ) .  The sampling b o t t l e  clamped t o  t h e  end of a 

s t i c k  was he ld  wi th  incu r ren t  tube  about 15 cm below t h e  water 

sur face .  Dupl ica te  samples were taken wi th in  about two minutes of 

each o the r .  A l l  r e agen t s  were added i n  t h e  f i e l d  and t i t r a t e d  wi th in  

12 hours i n  t h e  labora tory .  Welch (1968) found no d i f f e r e n c e  i n  

d u p l i c a t e  oxygen samples when one was t i t r a t e d  immediately and the  

o the r  24 hours l a t e r .  Nater temperatures  were taken with a s tandard  



F i g u r e  7. Cork and t u b i n g  d e v i c e  t o  f i l l  oxygen b o t t l e  wi thou t  

a i r  mixing.  
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l abo ra to ry  thermometer. Percent s a t u r a t i o n  was ca l cu la t ed  from 

t h e  oxygen s o l u b i l i t y  va lues  of Churchi l l  e t  a l . ,  (1962); they  -- 
a r e  i n t e rmed ia t e  t o  o t h e r  va lues  i n  t h e  l i t e r a t u r e ,  

Dissolved Oxygen, Galvanic Probe Method 

Oxygen concent ra t ion  were measured a t  one s t a t i o n  with an 

automatic  r eco rde r  i n s t a l l e d  i n  a  s t reamside  shed. The ch ie f  

advantage of t h i s  method was t h e  tremendous savings i n  e f f o r t  t o  

o b t a i n  a  d i u r n a l  curve. Only one hour o r  l e s s  per  day was requi red  

t o  s e t  up and s t anda rd ize  t h e  instrument  aga ins t  Winkler determina- 

t i o n s ,  read  t h e  c h a r t ,  and e n t e r  t h e  d a t a  on punch cards.  A 

t y p i c a l  d i u r n a l  sequence us ing  Winklers r equ i r ed  about 28 hours.  I n  

add i t i on ,  a  continuous record  was obtained so t h a t  non-typical  water 

masses could be i d e n t i f i e d .  One disadvantage of t h e  probe was t h a t  

only one s t a t i o n  could be sampled on a  given day with t h e  equipment 

a v a i l a b l e .  The membrane e l e c t r o d e  may have been l e s s  accu ra t e  than 

Winkler de te rmina t ion  because of d r i f t ,  however, s i n c e  t h e  probe 

averages oxygen va lues  i n  va r ious  water masses flowing over  i t ,  it 

may be a  t r u e r  r e p r e s e n t a t i o n  of  s t ream oxygen. Figure 8 shows 

t y p i c a l  r e s u l t s  of O2 es t ima te s  us ing  both methods. The maximum 

d e v i a t i o n  i n  t h i s  case  was only about 0.3 gm3, which i s  wi th in  

extreme ranges of  d u p l i c a t e  Winklers. 

P a r t i c u l a r  c a r e  was necessary  t o  avoid seve ra l  sources  of 

e r r o r  i nhe ren t  i n  t h e  f i e l d  record ing  u n i t .  The probe was water- 

v e l o c i t y  dependent, and it was necessary  t o  p l ace  t h e  probe i n  

water t h a t  had a  v e l o c i t y  of a t  l e a s t  0.5 meter pe r  second o r  t h e  probe 



Figure 8. Comparison of probe and Winkler oxygen va lues  over  

a 24 hour pe r iod ,  J u l y  25, 1969,at  Concrete Bridge S t a t i o n .  Open 

c i r c l e s  a r e  average of  d u p l i c a t e  Winkler samples,  t h e  range of  

which i s  represented  by a v e r t i c a l  l i n e .  Data from ga lvanic  probe 

and r eco rde r  a r e  t r i a n g l e s  connected by s o l i d  l i n e .  The maximum 

d i f f e r e n c e  between t h e  two de termina t ions  i s  0 . 4 5  mg 1-I (g m-3), 

which i s  wi th in  t h e  range of d u p l i c a t e  Winkler samples. 





would u s e  oxygen f a s t e r  than t h e  water could resupply it.  During 

pe r iods  of low flows rock j e t t i e s  were cons t ruc ted  t o  concent ra te  

t h e  flow of t h e  major p a r t  o f  t h e  s t ream on t h e  probe. The c u r r e n t  

v e l o c i t y  was assumed s u f f i c i e n t  i f  manual movement of t h e  probe 

i n  t h e  water  d i d  not  i nc rease  t h e  reading on t h e  meter. A 

mechanical a g i t a t o r  t h a t  increased  flow over t h e  probe was used 

during pe r iods  of extremely low stream flow. 

Other  p o t e n t i a l  sources of e r r o r  were t h e  co r r ec t ions  f o r  

e f f e c t s  of temperature on t h e  probe. The manual t h a t  comes with 

t h e  Yellow Springs Model 51 oxygen meter s t a t e s  t h a t  t h e  temperature 

response of t h e  oxygen probe i s  about 5 percent  per  degree 

cent igrade .  In  o t h e r  words, f o r  each degree higher  t han  t h e  

c a l i b r a t i o n  temperature,  t h e  probe would read  about 5 percent  t oo  

high. 

A check on t h i s  temperature e f f e c t  was made by p u t t i n g  t h e  probe 

and a thermometer i n t o  a conta iner  completely f i l l e d  with water a t  

s eve ra l  d i f f e r e n t  oxygen l e v e l s .  The conta iner  was then  cooled with 

an i c e  ba th  while  a magnetic s t i r r e r  kept a cons tan t  flow over t h e  

probe. Temperature and oxygen readings  were recorded. As t h e  

temperature of t h e  water  dropped, t h e  reading of t h e  oxygen meter 

a l s o  dropped even though t h e  oxygen content  of t he  water remained 

cons tan t ,  s i n c e  t h e  con ta ine r  was a i r t i g h t  and no d i f f u s i o n  of oxygen 

could occur .  Af te r  t h e  temperature of  t he  water approached zero,  

warm water was put  i n  t h e  water ba th  and t h e  temperature r a i s e d  t o  

t h e  o r i g i n a l  value.  Di f fus ion  was checked by determining i f  t h e  new 

oxygen reading  a t  t he  o r i g i n a l  temperature was t h e  same a s  t h e  o r i g i n a l  



oxygen reading,  and small  co r r ec t ions  were made. Sample r e s u l t s  

obtained by t h i s  method are presented  i n  Figure 9. Resul t s  fo- 

changes i n  a i r  readings  with temperature were s i m i l a r ,  The  

temperature c o r r e c t i o n  f o r  t h e  oxygen probe p e r  degree change in  

temperature i s  t h e  s lope  o f  t h e  l i n e  of t h e  graph, which i s  ex- 

pressed  a s :  

where Oc is  t h e  cor rec ted  oxygen reading i n  mg O2 rl,  0, i s  t h e  

uncorrec ted  oxygen va lue ,  t i s  t h e  d i f f e r e n c e  i n  temperature from 

t h a t  a t  s t anda rd iza t ion ,  and S  i s  t he  d a i l y  average s a t u r a t i o n  va lue .  

This c o r r e c t i o n  was en tered  i n t o  t h e  computer a lgori thm. 

Temperature e f f e c t s  on t h e  record ing  u n i t  were checked by 

p u t t i n g  t h e  whole u n i t  i n  a  r e f r i g e r a t o r  whi le  leav ing  t h e  probe a t  

room temperature.  No changes i n  reading  occurred.  The c h a r t  was 

read a s  percentage of  f u l l  s c a l e ,  and the  fol lowing equat ion was 

used t o  c a l c u l a t e  oxygen concent ra t ions  (mg 1 - I )  where 0, i s  

oxygen concent ra t ion ,  

i n  mg 1-I a t  c a l i b r a t  

Ct  i s  c h a r t  reading ,  

- 1 i n  mg 1 a t  time t ,  Oc i s  oxygen concent ra t ion ,  

ion  time c ,  a s  determined by Winkler t i t r a t i o n ,  

i n  percentage of  f u l l  s c a l e ,  a t  time t and Cc 

i s  cha r t  reading ,  i n  p r c e n t a g e  of f u l l  s c a l e ,  a t  1-hr: t ime of c'yygen 

c a l i b r a t i o n .  Since t h e  reading of  t h e  oxygen r eco rde r  i s  l i n e a r l y  

p ropor t iona l  t o  t h e  concent ra t ion  of oxygen i n  water  (Gulton 



Figure  9. Var i a t ion  i n  oxygen meter readings  with cons tan t  

d i sso lved  oxygen and varying temperature.  Laboratory de termina t ion  

was done May 11, 1969, The s lope  of t h i s  l i n e  r ep re sen t s  t h e  

temperature c o r r e c t i o n  necessary t o  g e t  t r u e  readings  a t  temperatures  

o t h e r  than  t h a t  a t  which t h e  probe was c a l i b r a t e d .  Ca l ib ra t ion  was 

a t  24' C and a t  oxygen s a t u r a t i o n  f o r  room temperature (8.33 mg 02 

1 )  T r i ang le s  r ep re sen t  descending temperatures ,  c i r c l e s  r ep re sen t  

r i s i n g  tempera tures ,  and p o i n t s  r ep re sen t  a  l a t e r  decrease  t o  room 

temperature.  The s l o p e  a t  oxygen va lues  l e s s  than s a t u r a t i o n  was i n -  

v e r s e l y  p ropor t iona l  t o  t h e  percent  s a t u r a t i o n .  





Industries, Bulletin no. M26802), the above simple proportion will 

give the oxygen concentration mg 1-I (g ~ n - ~ ) .  Comparison of 

temperature-corrected scale readings and IYinkler oxygen values 

over a period of several days indicates that drift was relatively 

small (Table 2). 



Table 2 .  D r i f t  sf Oxygen Recorder Over One o r  Several  Days 

Numb er Observed reading ,  Reading i f  
of temperature t h e r e  were D i f  fesence 

days s i n c e  cor rec ted  no d r i f t  
i n i t i a l  

Date c a l i b r a t i o n  mg 1 -1 
mi3 1 

-1 mg 1 -1 

June IS 1 7.47 

J u l y  2 1  2 6.73 

J u l y  25 4 5.67 

Apr i l  23 

Apri l  25 

May 29 





Diffusion Rates 

Oxygen movos from a i r  t o  water  and water  t o  a i r  according t o  

Dal ton ' s  law of p a r t i a l  p ressures .  Correc t ions  must be made i n  

aqua t i c  metabol ic  s t u d i e s  f o r  t h i s .  I t  i s  necessary  t o  know both 

t h e  percent  oxygen s a t u r a t i o n  of t h e  water  and t h e  d i f f u s i o n  

cons tan t  t o  make t h e s e  co r r ec t ions .  

Three months were t r i e d  f o r  determining t h e  d i f f u s i o n  

cons tan t  on New Hope Creek: t h e  d i u r n a l  curve method (Odum, 1956; 

Odum and Hoskins, 1958), t h e  stream morphology method (Churchi l l  

e t  a l . ,  1962) and t h e  dome method (Hall and Day, 1970),  The d iu rna l  -- 
curve method gave r e s u l t s  o f t e n  much h ighe r  than  the  o t h e r  two 

methods and was not  used f o r  t h i s  s tudy.  The reason f o r  t h e  high 

va lues  was t h a t  n ight t ime r e s p i r a t i o n  was not  cons tan t ,  a  pre-  

r e q u i s i t e  f o r  t h e  accu ra t e  u s e  of t h i s  method (Odum and Wilson, 

1962; Owens, 1969). 

For t h i s  s tudy  t h e  stream morphology method, which averages pool 

and r i f f l e  va lues ,  was used t o  determine t h e  d i f f u s i o n  cons tan t ;  t h i s  

cons tan t  v a r i e d  from day t o  day a s  t he  water  l e v e l  changed (Figure 10) .  

The dome method gave s i m i l a r  r e s u l t s ,  s i n c e  New Hope Creek i s  about 

equal ly  d iv ided  between pools  and r i f f l e s .  A more complete t rea tment  

of t h e  d i f f u s i o n  s t u d i e s  i s  given i n  Appendix A. 



Figure  10. Comparison of d i f f e r e n t  d i f f u s i o n  cons tan ts  

ob ta ined  i n  t h i s  s tudy.  Crosses represent  es t imates  based on 

t h e  s t ream morphology method; t r i a n g l e s  r ep re sen t  es t imates  made with 

dome method; and c i r c l e s  represent  e s t ima te s  made from d i u r n a l  curves 

s e l e c t e d  f o r  s u b s t a n t i a l  d iu rna l  range. The stream morphology 

method was used f o r  c a l c u l a t i o n s  made f o r  t h i s  s tudy.  See t e x t  f o r  

f u r t h e r  explanat ion.  





Gross Community Metabolism 

Primary product ion and t o t a l  r e s p i r a t i o n  of t h e  l i v i n g  organisms 

i n  New Hope Creek were measured us ing  d i u r n a l  v a r i a t i o n s  i n  

metabol ic  gases  (Odum, 1956; Odum and Hoskins, 1958; Odum and Wilson, 

1962; Beyers e t  a l . ,  1963). The b a s i s  f o r  t h e s e  measurements i s  -- 
t he  fundamental equat ion f o r  photosynthes is  (or  r e s p i r a t i o n ) :  

Thus, t h e  t o t a l  c r e a t i o n  and u t i l i z a t i o n  of organic  compounds i s  pro- 

p o r t i o n a l  t o  t h e  amount of C02 and 02 being produced and consumed. 

Some v a r i a t i o n s  i n  t h e  r e l a t i o n  of oxygen t o  energy occur when 

p r o t e i n s  o r  f a t s  a r e  being u t i l i z e d  i n s t e a d  o f  sugars ,  o r  when t h e r e  

a r e  l a g s  i n  one process  r e l a t i v e  t o  another .  For t h e s e  reasons it 

i s  most accu ra t e  t o  cons ider  t h e  metabolism i n  terms of oxygen 

without conver t ing  t o  carbon o r  c a l o r i c  va lues .  

Two S t a t i o n  Analysis  

The most accu ra t e  e s t ima te s  of  photosynthesis  and community 

r e s p i r a t i o n  can be obtained f o r  a  stream with t h e  "two s t a t i o n ' ?  

method of oxygen a n a l y s i s  (Odum, 1956; Owens, 1969). The two s t a t i o n  

a n a l y s i s  i s  based on the  a c t u a l  change i n  oxygen occurr ing a s  a  water 

mass flows from one reg ion  of  t h e  stream t o  another .  Thus, changes 

over  a  c l e a r l y  def ined  a r e a  can be measured and r a t e s  of change determined 

from d i f f e r e n c e s  between t h e  upstream and downstream oxygen measure- 

ments of t h e  same water mass. 

This method was gene ra l ly  imprac t ica l  on New Hope Creek because 

of t h e  n e c e s s i t y  of sampling a t  t h r e e  t o  f i v e  loca t ions  t h a t  were t o o  






























































































































































































































































































































































































































































































































