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Abstract  

Indices  t o  t h e  abundances of f i s h  and w i l d l i f e  of two eas te rn  

North Carolina wooded swamp stream environments were developed during 

1972, 1973,and 1974, a s  a  preoonstruckion study of t h e  e f f e c t s  of 

stream channelizat ion on f i s h  and w i l d l i f e .  In  add i t ion ,  t h e  r e l a t i o n -  

sh ips  of physica l ,  chemical and vegeta t ive  paramekers t o  t h e  faunal  

components of  t h e  study s i t e s  were evaluated.  Indices were obtained 

f o r  some f i s h ,  b i r d  and mammal populat ions (mourning dove, q u a i l ,  ducks, 

woodcock, songbirds, breeding songbirds, gray s q u i r r e l ,  raccoon, opossum, 

small mammals and d e e r ) .  Hunter use s tud ies  were a l s o  conducted. 

S t a t i s t i c a l  t e s t s  were u t i l i z e d  when appl icable  t o  t e s t  year  and a rea  

d i f ferences .  

The r e s u l t s  a r e  considered t o  be e s s e n t i a l  a s  base l ine  information 

t o  f u t u r e  s t u d i e s  of stream a l t e r a t i o n  and a l s o  provide use fu l  information 

regarding faunal  and f l o r a l  d i v e r s i t y  a s  we l l  a s  seasonal  r e l a t i o n s h i p s  

wi th in  the  swamp ecosystem. 
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I. Summary and Conclusions 

The primary , e f f o r t s  of  t h i s  p r o j e c t  were t o  study various aspects  

of t h e  b i o l o g i c a l  components of two unchannelized wooded swamp stream 

environments. The purpose was t o  develop b a s e l i n e  information t o  

compare t h e  r e s u l t s  wi th  s i m i l a r  s t u d i e s  following a l t e r a t i o n  of one 

of t h e  streams. A t  midpoint i n  t h e  study the  scheduled modificat ion 

of the  stream (Duke Swamp) was postponed. The a r e a s  s e l e c t e d  f o r  s tudy 

were headwater sec t ions  of  Duke Swamp and Hoggard M i l l  Creek Swamp i n  

nor theas tern  North Carolina. Both of these  have c h a r a c t e r i s t i c s  s i m i l a r  

t o  those  of many o the r  swamp watersheds i n  t h e  southeas tern  c o a s t a l  p l a i n .  

In tens ive  e f f o r t s  t o  de r ive  base l ine  ind ices  f o r  such a reas  have 

not  previously been accomplished and t h e  information i s  needed s o  t h a t  

s u i t a b l e  assessments of  t h e  resource values can be developed. Although 

o the r  s t u d i e s  i n  North Carolina have been conducted, they were i n  d i f f e r e n t  

loca t ions  and involved l i m i t e d  samples with unknown b iases .  The sampling 

techniques used i n  t h i s  s tudy were developed t o  l i m i t  b i a s ,  t o  recognize 

it when it occurred and t o  e s t a b l i s h  confidence l i m i t s  and i n t e r v a l s  

f o r  t h e  da ta .  

I f  channel iza t ion  o r  o the r  modificat ions of one of t h e  streams occurs ,  

t h e  r e s u l t s  of t h i s  s tudy w i l l  provide a b a s i s  f o r  

of such modificat ion.  The da ta  can secondari ly be 

t r a s t s  between these  and o the r  unmodified a reas .  

It was no t  poss ib le  t o  examine a l l  components 

determining t h e  e f f e c t s  

used t o  develop con- 

of these  environments 

so  t h e  groups s e l e c t e d  f o r  primary study were those which a r e  now, o r  may 

be,  of t h e  g r e a t e s t  i n t e r e s t  t o  the  cooperat ing agencies.  



The r e s u l k s - o f - c a l l e c t i o n s  of  chemical and physica l  da ta  of the  

water were no t  g r e a t l y  d i f f e r e n t  from r e s u l t s  of s t u d i e s  i n  o the r  

swamp systems. Dissolved oxygen f l u c t u a t e s  seasonally from low l e v e l s  

which a r e  l e t h a l  t o  many species  of  f i s h  t o  higher l e v e l s  which could 

support  a l l  of the  na t ive  f i s h e s  of t h e  area.  Water l e v e l s  of t h e  

streams f l u c t u a t e  from dry and near  dry t o  l e v e l s  high enough t o  cover 

100 o r  more times the  a rea  covered a t  low water.  During low water aqua t i c  

organisms were concentrated and standing crops per  u n i t  of aqua t i c  a r e a  

. were high. Tota l  hardness of the  water i s  low and, a s  i s  genera l ly  

accepted, l i m i t s  production of aquatfc organisms. 

Understory and canopy vegeta t ive  surveys provided spec ies  l i s ts ,  

basa l  a reas ,  frequencies and d e n s i t i e s  of vegeta t ive  species .  The work 

a l s o  included s t u d i e s  regarding t h e  u t i l i z a t i o n  of various p l a n t s  a s  browse 

by deer  i n  both wetland and adjacent  upland areas .  

E f f o r t s  t o  obta in  es t imates  of f i s h  populat ions by use of  t h r e e  

techniques were a f f e c t e d  by a v a r i e t y  of  f a c t o r s  explained i n  t h e  t e x t ,  

and t h e  r e s u l t s  were no t  cons i s t en t . -  Wire t r a p  Schnabel es t imates  were 

about 200 pounds pe r  ac re  i n  Duke Swamp and about 60 pounds per  ac re  i n  

Hoggard M i l l .  Petersen es t imates  of  pounds pe r  ac re  were approximately 

300 i n  Duke Swamp and 500 i n  Hoggard M i l l .  Rotenone samples i n  Hoggard 

M i l l  provided an es t imate  of 200-250 pounds per  acre.  The l a r g e r  f i s h  

of t h e  streams were creek chubsucker, f l i e r ,  yellow bullhead,  brown bu l l -  

head, r ed f in  p icke re l ,  and American e e l .  The major 'smaller spec ies  included 

p i r a t e  perch,  mudminnow, and golden shiner .  The r e s u l t s  do not  provide d a t a  

needed f o r  conclusive remarks regarding ex ten t  of the  f i s h  populat ions i n  

the  two a reas .  



Standardized census counts were e s t ab l i shed  f o r  two years  f o r  

seve ra l  game and non-game b i r d s  i n  t h e  areas .  The r e s u l t s  of  the  counts 

showed t h a t  s i g n i f i c a n t  d i f f e rences  i n  mourning dove c a l l  count ind ices  

occurred between swamps, weeks, and years .  The average numbers of doves 

heard were g r e a t e r  during t h e  f i r s t  s i x  weeks o f t  the  May-June surveys due , ' 

perhaps t o  t h e  onset  of t h e  breeding season. 

Quail were more abundant i n  the  Duke Swamp a rea  than a t  Hoggard 

M i l l  and t h e  peak of  c a l l i n g  occurred i n  e a r l y  June. An examination of 

wing samples from q u a i l  k i l l e d  by hunters  showed t h a t  approximately 78 

percent  were immature b i rds .  

Nearly 97 percent  of the  ducks counted a t  four  r o o s t  s i t e s  (two i n  

each swamp) were wood ducks. Numerical d i f f e rences  were no t  de tec ted  

between years  of study o r  between study a reas .  However, t h e r e  were 

d i f fe rences  due t o  s i t e s  wi th in  each swamp. A cubic r e l a t i o n s h i p  of t h e  

average number of ducks pe r  count and time was noted. The peak of abundance 

occurred i n  l a t e  October and e a r l y  November. 

Results  based upon l imi ted  woodcock s t u d i e s  ind ica ted  they were p resen t  

i n  t h e  a reas  and most were found a t  Hoggard M i l l  Creek. Their s inging 

a c t i v i t y  appeared t o  be h ighes t  i n  March. 

Breeding songbird s t u d i e s  a t  Hoggard M i l l  Creek. showed t h e r e  were 

23 spec ies  breeding i n  a swampland p l o t  and 12 species  i n  an upland p l o t .  

Birds v i s i t i n g  t h e  study p l o t s  va r i ed  from 10 t o  20 spec ies ,  inc luding 

red-cockaded woodpeckers which n e s t  i n  t h e  area .  A genera l  songbird 

census ind ica ted  the re  were from 35 t o  51 species  of songbirds p resen t  

a t  s tandardized route  s t a t i o n s .  



Oneof  t h e  major problems enco'untered was t h a t  c l e a r  r e s u l t s  from 

o t h e r  s t u d i e s  regarding the  l i m i t a t i o n s  of censusing techniques f o r  

comparison were n o t  avaiLab1e. Thus t r a p  response s t u d i e s  of gray 

s q u i r r e l ,  raccoon, and opossum w e r e  conducted t o  he lp  solve  t h e  problem. 

F i f t een  c l imatologica l  and 51 physica l  va r i ab les  were s tud ied  i n  r e l a t i o n  

t o  t h e  catch of each of these  mammals. S ix  hundred and f i f t y - f o u r  s q u i r r e l ,  

98 raccoon, and 586 opossum captures  were made i n  6 ,720  t r a p  n igh t s  f o r  

mark-recapture s t u d i e s .  

S tudies  of small  mammals involving 1,416 t r a p  n igh t s  r e s u l t e d  i n  the  

capture of 118 animals comprising e i g h t s p e c i e s  from four  watersheds. This 

work was accomplished i n  t h e  primary study areas  and i n  two channelized 

areas .  

S i g n i f i c a n t l y  more deer  were p resen t  a t  Duke Swamp than a t  Hoggard 

M i l l  Creek and hunters  genera l ly  k i l l e d  o lde r  deer.  

The popular game species  hunted i n  Hoggard were deer ,  dove and q u a i l .  

A t  Duke Swamp, deer ,  raccoon and s q u i r r e l  appeared t o  be t h e  most sought 

a f t e r  game. Hunters a t  Duke Swamp t r a v e l e d  g rea te r  d i s t ances  f o r  t h e i r  

s p o r t  than d i d  those of Hoggard and k i l l  pe r  u n i t  of e f f o r t  of deer  was 

over two times g r e a t e r  i n  Duke Swamp than Hoggard. Some muskrat t rapping 

a l s o  occurred a t  Duke Swamp. 

The l a r g e  c o l l e c t i o n s  of da ta  were developed t o  provide standardized 

fndiees  t o  abundance and swamp and year  comparisons f o r  many species  of 

w i l d l i f e  i n  two swamp stream environments. These ind ices  can be used as  

a b a s i s  f o r  comparing r e s u l t s  of s i m i l a r  s t u d i e s  a s  wel l  a s  t o  es t imate  

populat ion changes a s  a r e s u l t  of f a c t o r s  which a r e  normal o r  due t o  

man's inf luence .  The da ta  may a l s o  be used t o  a s sess  populat ion d i f fe rences  

between these  and o the r  areas .  
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Similar  information has not  been in tens ive ly  co l l ec ted  from h a b i t a t s  

of t h i s  type and i n  t h i s  geographical locat ion .  Thus these  da ta  may be 

of value t o  agencies and groups concerned with t h e  understanding and 

development of n a t u r a l  resources of s i m i l a r  a reas .  

I f  a l t e r a t i o n s  a r e  made t o  t h e  streams of t h e  a reas  s tud ied ,  i n v e s t i -  

ga t ions  s i m i l a r  t o  those  of t h i s  r e p o r t  should be repeated soon a f t e r  the  

modificat ion and during $,&sequent per iods .  Such information would prove 

of broad value t o  t h e  understanding of b e n e f i t s  and losses  r e s u l t i n g  from 

stream a l t e r a t i o n s .  

11. Recommendations 

It i s  recommended t h a t  pos t  p r o j e c t  inves t iga t ions  s i m i l a r  t o  those  

of t h i s  s tudy be conducted i n  the  same areas  provfding one of  t h e  streams 

i s  a l t e r e d  by man's inf luence .  The r e s u l t s  of such s t u d i e s  can be of value 

t o  he lp  determine probable biophysical  changes and reasonable methods of 

developing and p ro tec t ing  wooded swamp resources.  

Many add i t iona l  s t u d i e s  a r e  des i rab le  such a s  i n v e s t i g a t i o n s  of f a c t o r s  

l i m i t i n g  faunal  components of such environments. Knowledge of these  could 

provide i n s i g h t  i n t o  t h e  development of methodologies t o  enhance o r  prevent  

losses  of some species  encountered i w s u c h  systems. Studies  a r e  a l s o  advis- 

a b l e  t o  determine t h e  ex ten t  of these  h a b i t a t s ,  how much should be p ro tec ted  

o r  preserved,  and how, i f  modificat ion occurs,  mi t iga t ion  of losses  and 

enhancement of  d e s i r a b l e  components can be accomplished. 

More s p e c i f i c a l l y  some s t u d i e s  which could be accomplished using the  

da ta  of t h i s  r e p o r t  a s  base l ine  information a r e :  (1) e f f e c t s  of  stream 

channel modificat ion;  ( 2 )  e f f e c t s  of timber harves t ;  ( 3 )  e f f e c t s  of impound- 

ment; (4)  e f f e c t s  of wi- Id l i fe  enhancement methods; (5)  e f f e c t s  of  f i s h e r y  
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enhancement methods; (6) e f f e c t s  of a g r i c u l t u r a l  p r a c t i c e s .  Knowledge 

r e s u l t i n g  from such s t u d i e s  could be incorporated i n t o  more reasonable 

land use p r a c t i c e s  f o r  wooded swamp environments. 

111. In t roduct ion  

A.  Background 

Stream a l t e r a t i o n ,  modificat ion o r  channel iza t ion  has been p rac t i ced  

9n t h i s  country by the  pub l i c  and p r i v a t e  s e c t o r s  f o r  many years .  Consent 

f o r  these  p r a c t i c e s  has been granted under au thor i ty  such a s  t h e  Watershed 

Protec t ion  and Flood Prevention Act (Public  Law 566, 83rd Congress; 68 

S t a t .  666) and Section 205 of t h e  1948 Flood Control Act. The s t a t e d  

purposes of  such wetland modificat ion have included inc reas ing  a g r i c u l t u r a l  

production and mosquito and f lood con t ro l .  

Despite favorable r e s u l t s  repor ted  by t h e  agencies conducting these  

modiffcat ions,  w i l d l i f e  and f i s h e r y  conse rva t ion i s t s  genera l ly  view stream 

channel iza t ion  and wetland drainage with alarm. Bayless and Smith (1965) 

and Tarplee, Louder and Weber (19919 concluded from t h e i r  s t u d i e s  that 

channelizat ion i n  North Carolina had det r imenta l  e f f e c t s  upon t o t a l  

car ry ing capacity,numbers,  weight and d i v e r s i t y  of game species .  Channel- 

i z a t i o n  of r i v e r s ,  such a s  the  Missouri,  was found t o  reduce both t h e  s i z e  

and v a r i e t y  o f  aquat ic  h a b i t a t s  by des t roying major productive areas  accord- 

ing  t o  Morris,  e t  a l .  (1968). A reduction of approximately 90 percent  of 

des i rab le  f i s h  was repor ted  by ~ u n k  (1974a, l974b) when d i v e r s i t y  was 

reduced i n  a  channelized stream. Emerson (1971) concluded t h a t  while 

channel iza t ion  enabled more f loodpla in  land t o  be u t i l i z e d  An t h e  upper 



reaches of the  Blackwater Rfver i n  Missouri,  t h e  b e n e f i t  should be weighed 

aga ins t  e ros iona l  l o s s  of  farmland, c o s t  of bridge r e p a i r  and t h e  down- 

stream f lood damage r e s u l t i n g  from dredging p r o j e c t s .  Hanson and Muncy 

(19719 found g r e a t e r  d a i l y  water temperature f l u c t u a t i o n s ,  changes of 

bottom fauna composition, higher numbers of d r i f t  organisms and fewer 

numbers of f i s h  speeies  i n  a channelized sec t ion  of the  L i t t l e  Sioux 

h v e r ,  Iowa, a s  compared t o  an unchannelized sec t ion .  Because of poss ib le  

downstream movement from t h e  unchannelized sec t ion  i n t o  the  channelized 

sec t ion ,  d r a s t i c  d i f f e rences  of s tanding crops between the  two areas  were 

no t  obtained.  

Some s t u d i e s  such a s  those  of Burkhard (1967) on t h e  t r o u t  f i s h e r y  

of Tomichi Creek, Colorado, f a i l e d  t o  show s i g n i f i c a n t  changes i n  the  

f i she ry .  The primary damage was the  removal of bank vegeta t ion  and 

s t r a igh ten ing  of the  channel. 

Other s t u d i e s  have been concerned pr imar i ly  wi th  t h e  changes i n  land 

use p a t t e r n s ,  such a s  t h e  imbalance between remaining wetlands and agr i -  

c u l t u r a l  use. A study by Holder (1970) i n  e a s t e r n  Arkansas ind ica ted  

wetland losses  occur. 

The above l i t e r a t u r e  review i s  s e l e c t i v e  when compared t o  the  l a r g e  

number of s c i e n t i f i c  and popular a r t i c l e s  on t h e  sub jec t .  However it 

i l l u s t r a t e s  t h a t  researchers  a r e  faced with many complex problems when 

t r y i n g  t o  determine the  e f f e c t s  of stream and watershed a l t e r a t i o n s  on 

t h e  environment. Often r e s u l t s  have n o t  been conclusive and usual ly  

more problems a r e  posed than solved. 

Immense i n t e r e s t  has developed during t h e  l a s t  few years  i n  at tempts 

t o  f i n d  answers t o  t h e  perplexing quest ions concerning stream modificat ion.  



I n t e r e s t  i n  North CarolFna was ~dernons t r~ ted  by meetings such a s  t h e  

workshop sponsored by t h e  Department of Water-and Air Resources and Water 

Resources Research I n s t i t u t e  (99911, and by the  funding of s t a t e  and 

fede ra l  agencies f o r  research  on these  and r e l a t e d  problems (Annual Report, 

A major problem researchers  have, which dea l s  with t h e  e f f e c t s  of 

stream channelizat ion,  i s  t h a t  of  at tempting t o  evaluate  a  s p e c i f i c  a rea  

before ,  during and a f t e r  channel modification. The majori ty of s t u d i e s  

which have been conducted had t o  measure a reas  a l ready modified and 

compare them with unmodified areas .  This type  o f  research  provides 

usable information y e t  leaves  unanswered t h e  quest ion of s p e c i f i c  changes. 

Some s%udies a r e  at tempting t h e  before and a f t e r  approach and Howell (1972) 

u t i l i z e d  it f o r  s tudying w i l d l i f e  abundance i n  Southern Iowa. This t o t a l  

p r o j e c t  i s  a l s o  an attempt t o  evaluate  s p e c i f i c  areas  before ,  during and 

a f t e r  channel iza t ion ,  This r e p o r t  represents  the  completion of t h e  before  

phase of a  s tudy of t h e  e f f e c t s  of stream chann.elizatfon and wetland drain-  

age on f i s h  and w i l d l i f e  populat ions.  

B. Objectives 

The ob jec t ives  of  t h i s  study were: t o  obta in  information regarding 

the  species  of  f i s h  p resen t ,  t h e i r  r e l a t i v e  abundances and ind ices  t o  t h e  

s i z e s  of t h e i r  populat ions i n  two swamp streams; t o  determine t h e  e x t e n t  

swamp a reas  a r e  u t i l i z e d  by water-related organisms (espec ia l ly  waterfowl, 

woodcock, sn lpe ,  r a i l s  and furbear ing  animals) ;  t o  ob ta in  ind ices  t o  t h e  

abwzdances of game b i r d s  and mammals, and t o  determine some environmental 

parameteks of  wooded swamps cf North Carolina. 



Another ob jec t ive  was t o  develop a subsequent study i n  the  same 

a reas  i n  t h e  event proposed stream modificat ions took place .  

I V .  S i t e  Selec t ion  

In t roduct ion  

The environments s tud ied  by t h i s  p r o j e c t  a r e  l i s t e d  a s  Inland Fresh- 

water Areas - Type 7 - Wooded Swamp by Shaw and Fredine (1971) and Wilson 

(1962). Such areas  a r e  of s p e c i f i c  i n t e r e s t  t o  a l l  p a r t i e s  concerned 

with t h e  study . 
Recommendations from a l l  t h e  agencies i n  North Carolina which dea l  

with seasonal ly  flooded wooded swamps were sought f o r  s i t e  s e l e c t i o n  of 

the  p r o j e c t .  F i r s t ,  a  l e t t e r  asking f o r  a  l i s t  of a reas  s u i t a b l e  f o r  

s tudy was s e n t  t o  t h e  U. S. S o i l  Conservation Service ,  t h e  U. S. Army 

Corps of Engineers, and the  North Carolina S t a t e  Board of Health. The 

l i s t  obtained from each agency was s e n t  t o  those agencies responsib le  

f o r  the  preservat ion  and management of wetland areas .  These agencies 

included: The Division of Ecological Services formerly the  Division of 

River Basin S tud ies ,  U .  S. Fish and Wildl i fe  Service;  the  North Carolina 

Wildl i fe  Resources Commission, Division of Inland F i she r i e s  and Division 

of Game; t h e  Department of Water and A i r  Resources; and t h e  North Carolina 

Water Resources Research I n s t i t u t e .  The l i s t  of streams suggested was 

subsequently reduced t o  severa l  streams considered re l evan t  by a l l  p a r t i e s .  

Each stream was then evaluated f o r  s u i t a b i l i t y  by on-s i te  v i s i t s  which 

included thorough f i e l d  examinations. The Duke Swamp por t ion  of t h e  S o i l  

Conservation Serv ice ' s  Hobbsville-Sunbury Watershed P r o j e c t  (1966),  

then scheduled t o  be  channelized, was se lec ted  as  t h e  primary research 



s i t e .  A con t ro l  a rea  c1.ose t o  t h e  p x h a r y  research  s i t e  was then se lec ted .  

This was a por t ion  of Hoggard M i l l  Creek (Ber t i e  County) which has many 

physica l  and vegeta t ive  cha ra&er i s t i c s  s i m i l a r  t o  those of Duke Swamp. 

No channel a l t e r a t i o n  was proposed f o r  t h i s  area.  

Duke Swamp i s  located  i n  e a s t e r n  Gates County and i s  a t r i b u t a r y  t o  

L a s s i t e r  Swamp and Bennetsts Creek which d ra ins  i n t o  t h e  Chowan River 

(Figure 1). Bennetts Creek i s  impounded a t  h v e r  Mile 1 2  (Fish ,  1968) t o  

form Merchants M i l l  Pond (approximately 1,000 a c r e s ) .  The predominant land 

use of t h e  a r e a  surrounding Duke Swamp is  a g r i c u l t u r e ;  primary crops a r e  

peanuts ,  cot ton  and soybeans. Others include corn, tobacco, small  g ra in  

and some t ruck  crops (USDA-SCS, 1966). The Duke Swamp Watershed i s  adjacent  

t o  t h a t  of t h e  Dismal Swamp. 

Hoggard M i l l  Creek i s  located  6 miles nor th ,  nor theas t  of  Windsor i n  

Ber t i e  County (Figure 2 % -  It is  t r i b u t a r y  t o  t h e  Cashie River a t  River Mile 

31 (Fish ,  1968% which is  t h e  f i r s t  t r i b u t a r y  of the  Roanoke River. The Roanoke 

River joins t h e  Chowan River a t  t h e  upper end of Albemarle Sound. 

The land surrounding Hoggard M i l l  Creek i s  pr imar i ly  upland woodland 

I o r  a g r i c u l t u r a l f i e l d s . a n d  pas tu res .  Loblolly p ine  p lan ta t ions  make up a 
I 

por t ion  of the  study a rea .  

Both sec t ions  of t h e  streams of Duke Swamp and Hoggard M i l l  which were 

s e l e c t e d  f o r  study a r e  normaLEy small  and por t ions  of them range from ephem- 

e r a l  t o  perennia l .  A t  time o f  high water t h e  streams may extend f o r  s e v e r a l  

hundred yards across  t h e i r  f lood p l a i n s .  

Detai led desc r ip t ions  of the  study a reas  a r e  incorporated i n  t h e  body 

of t h e  r epor t .  
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Figure 1. Map of Duke Swamp 





V. Chemical Parameters 

In t roduct ion  

Conclusive information regarding chemical and physica l  parameters of 

swamp streams was not  ava i l ab le  t o  adequately cha rac te r i ze  such streams. 

The e f f o r t s  f o r  t h i s  por t ion  of t h e  study were d i rec ted  toward obta in ing 

such information on a schedule which included each of the  major seasons. 

Methods and Results  

Water q u a l i t y  parameters including temperature, d issolved oxygen, 

d i s s ~ l v e d  carbon dioxide,  pH, t o t a l  hardness and o the r s ,  were measured 

using a Hach Model DR-EL Chemical K i t ,  Ryan Model F-30 Thermographs and 

a Gurley Model 622-D Current Meter. Three sampling s t a t i o n s  were es t ab l i shed  

on each stream (Figures 3 and 4 ) .  These were located  on major t r i b u t a r i e s  

and a downstream sec t ion  of each study area .  A s i n g l e  Ryan Thermograph was 

placed a t  the  lower end of each study a rea  t o  provide continuous measure- 

ments of water temperature. A depth gauge made of a  c a l i b r a t e d  board was 

a l s o  placed i n  t h e  lower sec t ion  of each study a rea  a s  an a i d  i n  evaluat ion 

of depth f luc tua t ions  throughout the  study period.  

In  t h e  i n i t i a l  s t ages  of the  study,  chemical parameters were obtained 

a t  weekly i n t e r v a l s  (Appendix I - A  and I - B l  a t  each downstream s i t e  and a t  

monthly i n t e r v a l s  a t  a l l  t h r e e  s i t e s  i n  each study a r e a  (Appendix I-C and 

I - D ) .  Af ter  one year  of weekly sampling the  c o l l e c t i o n s  were reduced t o  

monthly i n t e r v a l s  a t  each s t a t i o n .  







A d iu rna l  sampling program was i n i t i a t e d  i n  an e f f o r t  t o  evaluate  

change5 during a 23-hour per iod  (Appendix I-E and I-F). The seasonal  

d iu rna l  sampling i s  continuing under t h e  terms of another con t rac t  and 

w i l l  be completed i n  1976, 

Quarterly sampling f o r  n i t rogen and phosphorus (Appendix I-G) 

were a l s o  conducted. 

Results  

Water Temperature 

Mean d a i l y  water temperatures were obtained on a monthly b a s i s  from 

determinations taken a t  3-hour i n t e r v a l s  from the  recording thermograph 

temperature records (Tables B and 2 )  and numerous determinations were 

0 
obtained with s tandard  thermometers, The ranges were from 0 t o  25 .6O~ 

a o 
i n  Duke Swamp and -1.1 C t o  25,6 C i n  Hoggard M i l l  Creek. The range of 

0 0 
the  monthly mean determinations were found t o  be 3.9 t o  22.2 C i n  Duke 

Swamp and 5 . 0 O ~  t o  2 2 ' ~  i n  Hoggard M i l l  Creek. The lowest temperatures 

occurred i n  January and February and t h e  h ighes t  i n  Ju ly  and August. 

The study a reas  were s i m i l a r  with r e spec t  t o  average monthly temperature 

ar,d ranges were approximately t h e  same a s  a i r  temperatures. Differences 

sf  water temperature from a i r  temperature appeared t o  be a r e f l e c t i o n  of  

such parameters a s  r e l a t i v e  humidity, percent  cloudiness and p rec ip i -  

t a t i o n  (Appendix I-H). Some data  d i s t o r t i o n  occurred due t o  problems 

of thermograph malfunction and low temperature de tec t ion  l i m i t a t i o n s  of 

the  devices,  



Table 1 ,  Range and Average M ~ n t h l y  Water Temperatuses - Duke Swamp 

Degrees Centigrade 
Low High Average 

1 
Date 

1972 

January 
February 

March 
2 

Apri 1 
2 

May 
June 
J u l y  
August 
September 
October 
November 

L 
December 

January 0.6 1 2 . 2  3.9 
February 2.2 11.1 5.6  
March 2.8 20.6 12.2 
~ p r i  1 8.9 21.1 15.6 

2 
May 14.4 20.0 18.3 

June 
2 18.3 2 2 . 2  20.6 
L 

J u l y  
August 

2 
September 

October 
2 

November 
2 

December 

January 
2 

February 
2 

March 
A p r i l  
May 
June 

1 = average of  8 va lues  taken i n  24-hour pe r iods  each day of t h e  month. 

2 = some m s s i n g  va lues  due t o  equipment f a i l u r e .  

3 = lowest  thermometer recorded - temperatures  may have been lower. 



Table 2. Range and Average Monthly Water Temp5ratures - Hoggard M i l l  Creek 

Degrees Centigrade 
Date Low High Average 

January 
February 

March 
2 

Apr i l  
2 

L 
June 
Ju ly  

L 
August 
September 
October 
November 

December 
2 

L 
January 
February 

March 
2 

Apri l  
2 

2 
May 

L 
June 
July 
August 
September 
October 
November 

December 
2 

January 
February 

March 
2 

Apr i l  
2 

11.7 21.7 16.1 
May 13.9 21.7 17.8 
June 17.2 22.2 18.9 

1 = average of 8 values taken i n  24-hour periods each day of month. 
2 = some missing values due t o  equipment f a i l u r e .  
3 = lowest thermometer recorded - temperatures may have been lower. 
4 = below f reez ing  temperatures may have been due t o  i n t e r p r e t a t i o n  

of records.  18 



Dissolved Oxygen 

Dissolved oxygen (Appendix I-A-1) ranged from a low of 0.8 ppm on 

July  28, 1972 t o  10.0 ppm i n  colder  months a t  Duke Swamp. A t  Hoggard 

M i l l  t h e  range was 0.6 pprn i n  September 1972 (Appendix I-B-1) t o  10.0 

ppm. Determinations of 3 ppm o r  l e s s  (genera l ly  considered c r i t i c a l  o r  

near  c r i t i c a l  f o r  mapy freshwater f i s h  species)  were not  uncommon i n  

June, Ju ly ,  August, Sepkamber and November a t  Duke Swamp, Low concentra- 

t i o n s  a l s o  occurred a t  Hoggard M i l l .  

Diurnally (Appendix I-E-1 and I-F-1) t h e  oxygen determinations 

d i d  no t  vary during t h e  24-hour sampling period much more than could 

be expected with vagar ies  of colormetric  methods employed f o r  determina- 

t ions .  However, a d iu rna l  sample was no t  obtained i n  the  months having 

the  h ighes t  temperatures and t h e  lowest flows during t h i s  s tudy.  

Carbon Dioxide 

Carbon dioxide determinations were found t o  follow expected 

p a t t e r n s .  (Higher i n  warmer months and lower i n  colder  per iods  and 

inverse  t o  d issolved oxygen). The high determinations f o r  the  most 

p a r t  ranged from 20 t o  25 ppm i n  these  creeks.  The lows were about 

4 ppm and most determinations were from about 10 t o  18 ppm. On 

occasion except ional ly  high values were obtained.  However, the  causes 

of these  were no t  determined. 

On a d i u r n a l  b a s i s  t h e  determinations d i d  no t  vary g r e a t l y  a t  

Duke Swamp being about 8-10 ppm throughout the  March 24-hour per iod .  

They were very high (perhaps inord ina te ly  i f  the  chemicals had 

d e t e r i o r a t e d )  i n  June, being 24 t o  30 ppm. The changes which d id  



occur i n  t h e  samples were not  accounted f o r  by t h e  work. Carbon dioxide 

was 4 ppm i n  each of the  24 samples of January. 

A t  Hoggard M i l l  Creek t h e  d iu rna l  r e s u l t s  ranged from the  2 ppm 

of time per iods  2400 t o  1200 t o  8 o r  10 ppm, from 1300 ko 2000 i n  June. 

Observer and equipment d i f f e rences  may account f o r  some of the  da ta  

i n t e r p r e t a t i o n  problems f o r  t h i s  parameter. 

Hydrogen Ion Concentration 

pH var i ed  between 5.4 and* 7.2 i n  both Duke ~wa$ and Hoggdrd M i l l .  

Most of the  determinations were i n  the  5.5 t o  6.5 range. Although 

higher than some r e s u l t s  t h i s  work confirmed t h e  o f t e n  noted water 

a c i d i t y  of swamp a reas .  

The d i u r n a l  sample r e s u l t s  were genera l ly  uniform and d id  no t  

express d i f f e rences  g rea te r  than t h a t  which could be due t o  observer  

d i f f e rences  . 

Total  Hardness 

Generally it was found t h a t  t o t a l  hardness was about 10 t o  20 i n  

t h e  two streams. The v a r i a t i o n s  i n  determinations may b e ' p a r t i a l l y  due 

t o  e r r o r  associa ted  with the  methods used. 

Hydrogen Sulphide 

Hydrogen su1phi.de was no t  de tec ted  i n  the  samples except a s  t r a c e  

amounts i n  a few August determinations.  I t  was not  uncommon t o  d e t e c t  

sulphurous smells  when workers d is turbed the  stream bottoms during low 

water periods - 



Turbidi ty and Color -- 
Expressed a s  Jackson Units t h e  t u r b i d i t y  and color  var ied  

a range of 0 t o  135 i n  Hoggard M i l l  Creek and 0 t o  325 i n  Duke 

through 

Swamp. 

In  both study a reas  temperature, oxygen, flow r a t e  and depth 

f luc tua ted  widely on a seasonal  b a s i s  b u t  not  between sampling s t a t i o n s  

on t h e  same day wi th in  the  study areas .  Factors  such a s  pHI a l k a l i n i t y  

and hardness of t h e  t e a  colored waters remained r e l a t i v e l y  s t a b l e .  

During c e r t a i n  por t ions  of  t h e  year ,  p a r t i c u l a r l y  during l a t e  summer, 

the  combination of no flow, high temperature, h igh  carbon dioxide and 

low oxygen severe ly  s t r e s s e d  many of t h e  aqua t i c  faunal  components of 

both systems. Late summer and f a l l  stream c h a r a c t e r i s t i c s  thus  appeared 

t o  be a ma-jor l i m i t i n g  f a c t o r  f o r  su rv iva l  and abundance of r e s i d e n t  

f i shes .  Those f i s h e s  trapped i n  dry o r  drying pools  which were deple ted  

of oxygen perished o r  r e so r t ed  t o  su rv iva l  mechanisms pecu l i a r  t o  f i s h e s  

r e s i d e n t  i n  these  and s i m i l a r  h a b i t a t s .  Extent of and movements of 

non-resident mobile populat ions appeared t o  be influenced by stream 

flows which were genera l ly  h ighes t  during the  per iod  of winter  and 

sp r ing  r a i n s .  

Hardness, a l k a l i n i t y  and p H  were r e l a t i v e l y  low i n  both study 

a reas  when compared t o  many o the r  systems. Systems with such low 

values a r e  no t  considered capable of producing l a r g e  crops of f i s h e s  

i n  terms of weight p e r  u n i t  a rea .  

The q u a r t e r l y  d iu rna l  sampling r e s u l t s  demonstrated l i t t l e  

f luc tua t ion  on a 24-hour b a s i s  of any chemical parameter occurred 

season. However, these  samples were no t  obtained 

months. Since l a r g e  changes were no t  found through 

regardless  of 

during summer 



t he  24-hour periods of our sampling, Less emphasis was needed on t h e  

time of day monthly samples were taken. 



VI. Biological  S tudies  

A. Vegetation 

1. Understory 

Introduction 

En order  t o  ob ta in  information regarding understory p l a n t  species ,  

dens i ty  and a v a i l a b i l i t y  t o  deer ,  a modified Aldous deer  browse survey 

(Aldous 1944) was conducted i n  August 1972 and June 1973. This survey 

charac ter ized  genera l  summer f l o r d l  condit ions and a l s o  provided informa- 

t i o n  about whi te- ta i led  deer  (Odocoileus v i rg in ianus)  browse condit ions.  

The Aldous deer  browse survey method was developed pr imar i ly  f o r  evalua- 

t i n g  winter  browsing by deer .  However, it has been modified and used 

f o r  es t imat ing  p l a n t  a v a i l a b i l i t y  and t h e i r  use by deer  during a l l  

seasons (Noble 1967, Murphy 1974). 

Methods 

Annual survey da ta  were combined t o  genera l ly  cha rac te r i ze  the  a reas  

during the  2-year study per iod .  Separate surveys were conducted of the  

wetland (seasonal ly  flooded) and upland of each study area .  Surveys were 

performed during d i f f e r e n t  months of t h e  2 years  t o  broadly cha rac te r i ze  

summer vegeta t ive  condit ions;  however, t h i s  procedure hampered comparisons 

between years  s fnce  monthly and year ly  d i f fe rences  were confounded. 

During each annual survey, 27 p l o t s  were e s t ab l i shed  along t r a n s e c t  

l i n e s  e s t ab l i shed  wi th  a compass. Milacre c i r c u l a r  p l o t s  were located  

100 meters a p a r t  and o f f s e t s  of 100 meters were made a s  necessary t o  

insure  t h a t  r e l a t i v e l y  homogeneous h a b i t a t s  (upland woodland o r  wetland 

woodland) were surveyed. S t a r t i n g  po in t s  were randomly s e l e c t e d  and t h e  



same general  s t a r t i n g - p o i n t s  were u t i l i z e d  each year .  Visual  es t imates  

of dens i ty  (cover) and u t i l i z a t i o n  were recorded t o  t h e  n e a r e s t  10 percent  

f o r  a l l  po r t ions  of each p l a n t  species  t o  a he ight  of 1.83 meters wi th in  

each milacre p l o t .  P lan t s  which could not  be i d e n t i f i e d  were recorded 

a s  unknown o r  co l l ec ted  f o r  l a t e r  i d e n t i f i c a t i o n .  P lan t  nomenclature 

follows Radford e t  a l .  (19681. 

Estimates of frequency, dens i ty  ( cover ) ,  degree of browsing, 

percentages of food eaten and browse ava i l ab le ,  and a u t i l i z a t i o n  f a c t o r  

were computed f o r  each p l a n t  species  represented i n  the  survey. Degree 

of browsing i s  a measure of deer  u t i l i z a t i o n  of t h e  cu r ren t  y e a r ' s  

growth of a par t icuLar  species ,  The percent  of browse a v a i l a b l e  ind i -  

ca tes  t h e  abundqnce of a p a r t i c u l a r  p l a n t  a s  deer browse i n  r e l a t i o n  t o  

o ther  p l a n t s  present .  Percent  of food ea ten  denotes t h e  importance of 

a p a r t i c u l a r  p l a n t  a s  deer browse and i s  r e l a t e d  t o  t h e  propor t ion  of 

each species  i n  t h e  d i e t  of deer  on the  area .  The u t i l i z a t i o n  f a c t o r  

(average dens i ty  x average u t i l i z a t i o n )  can be used t o  rank t h e  importance 

of p l a n t s  a s  deer  browse; t h e  higher t h e  u t i l i z a t i o n  f a c t o r  the  g r e a t e r  

the  importance of a p a r t i c u l a r  species  a s  deer  browse on t h e  area .  Pre- 

ference r a t i n g s  (percent  food ea ten  divided by t h e  percent  food ava i l ab le )  

a r e  an index t o  deer  

one i n d i c a t e s  t h a t  a 

p a l a t a b i l i t y  of each species ;  a 

p a r t i c u l a r  species  i s  p re fe r red  

Results  and Discussion 

r a t i n g  g r e a t e r  than 

by deer .  

P lan t  dens i ty  and frequency da ta  a r e  discussed i n  Section VI-B-5; 

the re fo re ,  only da ta  r e l a t i n g  t o  deer  browse condit ions a r e  discussed here .  

Data concerning t h e  frequency and dens i ty  of a l l  p l a n t  species  surveyed 

a r e  a l s o  t abu la ted  with t h e  deer  browse da ta  (Appendix 11-A). 



Duke Wetland - 
Ash (Fraxinus s p p . ) ,  with a u t i l i z a t i o n  f a c t o r  of 16.66, was t h e  most 

important deer  browse species  i n  Duke Wetland (Appendix Table 1 1 - A - 1 ) .  

This p l a n t  a l s o  ranks t h e  h ighes t  based on percentage of food ea ten  and 

browse ava i l ab le .  The high degree of a v a i l a b i l i t y  of ash as compared wi th  

o t h e r  p l a n t s  may p a r t i a l l y  account f o r  i t s  high usage by deer .  Other p l a n t s  

u t i l i z e d  by d e e r  included Virgin ia  willow ( I t e a  - v i r g i n i c a ) ,  greenbr ier  

(Smilax s p p . ) ,  red maple (Acer rubrum), and trumpet v ine  (Campsis r a d i c a n s ) .  

With t h e  exception of greenbr ier  and trumpet v ine ,  the  b e s t  deer  

browse p l a n t s  ranked high both i n  frequency (percent  p l o t s  p resen t )  and 

i n  a v a i l a b i l i t y .  There perhaps was a s y n e r g i s t i c  e f f e c t  between a v a i l a b i l i t y  

and d i s t r i b u t i o n  which enhanced t h e i r  value a s  deer  browse. 

P lan t s  such a s  spo t t ed  touch-me-not (Impatiens capens i s ) ,  poison ivy  

(Rhus r a d i c a n s ) ,  and fe t te r -bush (Leucothoe racemosa) were ranked lowest of 

a l l  browse p lan t s .  These p l a n t s  were eaten only l i g h t l y  and were no t  

genera l ly  ava i l ab le  a s  forage.  Approximately 30 percent  of a l l  p l a n t s  

surveyed i n  Duke wetland were u t i l i z e d  by deer .  

Greeribrier was by f a r  the  most p re fe r red  p l a n t  i n  Duke wetland. Ash, 

the  most ava i l ab le  browse species ,  was ea ten  i n  almost d i r e c t  propor t ion  

t o  i t s  abundance and was not  highly p re fe r red .  Other p l a n t s  s e l e c t i v e l y  

browsed by deer  included trumpet v ine  and red  maple. The low a v a i l a b i l i t y  

of both Japanese honeysuckle (Lonicera japonioa) and greenbr ier  might be 

due i n  p a r t  t o  t h e  s e l e c t i v e  browsing of these  species  by deer;  however, 

greenbr ier  was f a i r l y  wel l  d i s t r i b u t e d  throughout Duke wetland a s  ind ica ted  

by i t s  moderately high frequency of occurrence. 



A comparison of t h e  1972 and 1973 (Appendix Tables 11-A-2 and 3) 

surveys indica ted  only minor d i f fe rences  i n  composition. Ash was t h e  

most important browse species  during both surveys. Virgin ia  willow was 

ranked second i n  1973, b u t  i n  1972 greenbr ier  was the  second most important 

browse p lan t .  Estimates of dens i ty  and frequency were genera l ly  s imi la r  

during t h e  two survey periods.  

Duke Upland - 
Greenbrier was by f a r  t h e  most important deer  browse spec ies  i n  Duke 

upland (Appendix Table 11-A-4). The extremely s e l e c t i v e  browsing of  

greenbr ier  by .deer may account f o r  i t s  low a v a i l a b i l i t y  even though the  

p l a n t  i s  widely d i s t r i b u t e d .  Flowering dogwood (Cornus f l o r i d a ) ,  

Japanese honeysuckle, red  maple and b i t t e r  ga l lbe r ry  ( I l e x  g labra )  were - 
a l s o  u t i l i z e d  by deer  b u t  do no t  rece ive  t h e  s e l e c t i v e  browsing pressure  

of  greenbr ier .  With the  exception of b i t t e r  ga l lbe r ry  these  p l a n t s  rank 

high i n  both a v a i l a b i l i t y  and frequency. 

Other p l a n t s  which received browsing pressure  included a s t e r s  (Aster- 

aceael ,  dewberry .(Rubus spp.1, and ash. Although Japanese honeysuckle 

was t h e  most a v a i l a b l e  browse species ,  it d i d  no t  rece ive  t h e  p re fe r red  

browsing pressures  of g reenbr ie r ,  c e r t a i n  a s t e r s ,  dewberry and ash. 

Se lec t ive  browsing pressures  may p a r t i a l l y  account f o r  t h e  low ava i l -  

a b i l i t y  of some p l a n t s  such a s  greenbr ier  and dewberry. Only 13 percent  

of  a l l  p l a n t s  surveyed i n  ~ u k e  upland were u t i l i z e d  by deer .  

Only minor d i f fe rences  were noted between t h e  1972 and 1973 surveys 

(Appendix Tables 11-A-5 and 6 ) .  In 1972 Japanese honeysuckle was t h e  



second most important browse p l a n t  b u t  i n  1973 flowering dogwood ranked 

second t o  greenbr ier .  Such d i f fe rences  may be due t o  monthly o r  yea r ly  

s h i f t s  i n  deer  browsing pressure  o r  t o  inadequate sampling. Density and 

frequency es t imates  were s i m i l a r  during 1972 and 1973. 

Hoggard Wetland 

Greenbrier was t h e  m0s . t  important deer  browse species  i n  Hoggard 

wetland (Appendix Table 11-A-7)., Dewberry was a l s o  a p re fe r red  browse 

species  b u t  it had a high degree of browsing and a law a v a i l a b i l i t y  

r a t i n g .  The high degree of deer  preference f o r  q reenbr ie r ,  Japanese 

honeysuckle and dewberry may i n  p a r t  account f o r  t h e  general  low ava i l -  

a b i l i t y  of these  spec ies ,  e spec ia l ly  dewberry. Of these  th ree  p l a n t s  

only greenbr ier  was r a t h e r  widely d i s t r i b u t e d .  

Other p l a n t s  rece iv ing browsing p ressure  included Virgin ia  willow 

and water ash (Fraxinus c a r o l i n i a n a ) .  Only water ash was s e l e c t i v e l y  

browsed even though both water ash and Virgin ia  willow were r a t h e r  

widely d i s t r i b u t e d  and approximately equally ava i l ab le  throughout 

Hoggard wetland. Only 10 percent  of a l l  p l a n t s  surveyed i n  Hoggard 

wetland were u t i l i z e d  by deer .  

Minor d i f fe rences  were noted between the  1972 and 1973 surveys 

(Appendix Tables 11-A-8 and 9 ) .  I n  1972 Virgin ia  willow was the  t h i r d  

most important deer  browse p l a n t  i n  Hoggard wetland whereas i n  1973 no 

usage of t h i s  p l a n t  was recorded. Density and frequency es t imates  

were s imi la r  during 1972 and 1973. 



Hoggard Upland 

Greenbrier was t h e  most impartant deer browse species  i n  Hoggard 

upland (Appendix Table TI-A-LO) . Dewberry and persimmon (Diospyros 

v i rg in iana )  a l s o  received s e l e c t i v e  browsing pressure  b u t  no t  t o  t h e  

ex ten t  of greenbr ier .  . A U  t h r e e  of t h e s e  p re fe r red  bxowse p l a n t s  rank 

low i n  a v a i l a b i l i t y ,  e s p e c i a l l y  persimmon. Other s e l e c t i v e l y  browsed 

p l a n t s  included Vaccinium z., Japanese honeysuckle and f lowering 

dogwood. Of t h e  p re fe r red  browse p l a n t s ,  only greenbr ier  and dewberry 

were widely d i s t r i b u t e d .  

Red maple, black gum.(Nyssa s y l v a t i c a  var .  s y l v a t i c a ) ,  yellow 

jessamine (Gelsemiurn sempervirens) ,  and grape ( V i t i s  sp . )  were l e s s  

p re fe r red  browse p l a n t s  i n  Hoggard upland. Both black gum and red  

maple had f a i r l y  high a v a i l a b i l i t i e s  and 

widely d i s t r i b u t e d  except grape. Twenty 

i n  Hoggard upland were u t i l i z e d  by deer. 

Some d i f fe rences  were noted between 

a l l  t hese  species  were 

percent  of a l l  p l a n t s  surveyed 

the  1972 and 1973 surveys 

(Appendix Tables 1 1 - A - 1 1  and 1 2 ) .  In  1972 dewberry and Japanese honey- 

suckle were the  second and t h i r d  most important browse p l a n t s  r e spec t ive ly ;  

however, i n  1973 Vaccinium sp.  and red  maple ranked second and t h i r d .  

In s p i t e  of  these  s h i f t s  i n  importance, only minor d i f fe rences  were 
> 

noted i n  dens i ty  and frequency es t imates  between 1972 and 1973. 

2 .  Overstory 

In t roduct ion  

A wedge prism c r u i s e  was conducted during t h e  summers of 1972-1973 

t o  ob ta in  information on overstory p l a n t  dens i ty  and frequency. This 



survey charac ter ized  genera l  overs tory  vegeta t ive  condit ions during 

t h e  study per iod  and provided q u a n t i t a t i v e  e s t i v a t e s  of b a s a l  a rea  

f o r  each species  surveyed. 

Methods 

A wedge prism (basa l  a rea  f a c t o r  = 10) w a s  u t i l i z e d  a t  each 

small  mammal t r a p  s i t e  (Section VI-B-5) t o  determine t h e  b a s a l  a rea  f o r  

each overs tory  species  p resen t ,  Separate surveys were conducted i n  t h e  

wetland (24 t r a p  s i t e s )  , upland (24 t r a p  s i t e s ) ,  and stream bank (12 

t r a p  s i t e s )  h a b i t a t s  of each study area .  P l o t  cen te r  was determined 

by t h e  loca t ion  of a corner of t h e  l i v e - t r a p  pos i t ion  a t  each t r a p  s i t e .  

Estimates of basa l  a r e a  (square f e e t  pe r  a c r e ) ,  r e l a t i v e  dominance 

(percent  of basa l  a r e a ) ,  and frequency (percent  of survey s i t e s  a t  

which a p a r t i c u l a r  species  was p resen t )  were computed f o r  each p l a n t  

species  represented i n  t h e  survey. Trees which could not  be i d e n t i f i e d  

were recorded as  unknown. 

Results  and Discussion 

Overstory basa l  a r e a  and frequency da ta  a r e  b r i e f l y  discussed i n  

Section VI-B-5 of t h i s  r epor t .  Data concerning b a s a l  a r e a ,  dominance, 

and frequency a r e  tabula ted  and f u r t h e r  discussed i n  t h i s  sec t ion .  



Duke 

Stream Bank - Tupelo gum (Nyssa aquatical  was the  dominant t r e e  

along t h e  Duke stream bank wi th  bald cypress (Taxodium distinchum) ranking 

second (Appendix Table 11-A-131, Bald cypress and tupelo  gum comprised 

approximately 75 percent  of t h e  t o t a l  basa l  a rea  (145.8 square f e e t  pe r  

acre)  f o r  a l l  species ,  Other common species  included black gum (Nyssa 

s y l v a t i c a  va r ,  b i f l o r a ) ,  r ed  maple and ash. 

Wetland - Black gum, sweet-gum (Liquidambar s t y x a c i f h a ) , a n d  red  maple 

were the  main overstory trees of Duke wetland (Appendix Table 11-A-14). 

These t h r e e  species  comprised 54 percent  of the  t o t a l  wetland b a s a l  a rea  

of 93.8 square f e e t  per  acre .  Other common species  included bald  cypress 

and ash. Loblol ly p ine  (Pinus taedaZ and beech (Fagus g rand i fo l i a )  were -- 
f requent ly  common along the-upland wetland ecotone. 

Upland - Loblolly p ine ,  sweet-gum, beech and red. maple were the  dominant 

t r e e s  of Duke upland (Appendi~~TabLe 11-A-.l5). F i f ty-e ight  percent  of 

the total upland basal area of 72.9 square feet per acre was composed 

of t h e s e  four species .  Other common species  included black oak (Quercus 

v e l u t i n a ) ,  southern red  oak (Quercus f a l c a t a ) ,  and ho l ly  ( I l e x  opaca).  -- 

Hoggard 

Stream Bank - Tupelo gum was the  dominant t r e e  along t h e  Hoggard 

stream bank. Bald cypress and black gum second and t h i r d  r e spec t ive ly  

(Appendix Table 11-A-169. These t h r e e  species  comprised 49 percent  of  

30 



t o t a l  stream bank basa l  a r e a  of 150.0 square f e e t  per  ac re .  Other 

common species  included l a u r e l  oak- (Quercus l a u r i f o l i a ) ,  red  maple 

and water ash. 

Wetland - Black gum, red maple-and ironwood (Carpinus ca ro l in iana )  

were t h e  main t r e e s  of Hoggard wetland comprising approximately 50 

percent  of t h e  t o t a l  b a s a l  a r e a  of  87.9 square f e e t  per  ac re  (Appendix 

Table 11-A-17). Other common t r e e s  included sweet-gum and l a u r e l  oak. 

Beech was a l s o  f a i r l y  common along t h e  upland-wetland ecotone. 

Upland - Loblolly pine was t h e  dominant t r e e  i n  Hoggard upland. 

This species  comprised 82 percent  of the  t o t a l  b a s a l  a r e a  of  55.8 square 

f e e t  per  ac re  (Appendix Table 11-A-18). Other common species  included 

sweet-gum, red  maple and white oak. 

S m a r y  

A wedge prism c r u i s e  was u t i l i z e d  t o  cha rac te r i ze  overs tory  vegeta t ive  

condit ions and t o  provide q u a n t i t a t i v e  es t imates  of  basa l  a rea  i n  Hoggard 

and Duke Swamps, Separate surveys were conducted i n  t h e  wetland, upland 

and stream bank h a b i t a t s  of each area .  

Tupelo gum, black gum and bald  cypress were t h e  dominant t r e e s  along 

the  stream bank. Other dominant wetland t r e e s  were sweet-gum, r e d  

maple and ironwood. Dominant upland t r e e s  included l o b l o l l y  p ine ,  sweet- 

gum, beech and red  maple. 



Basal areas  f o r  stream bank vegetat ion averaged 147.9  square f e e t  

pe r  ac re ,  The average b a s a l  a rea  f o r  t h e  remaining wetland overs tory  

averaged 90.8 square f e e t  per  ac re ,  The basa l  a rea  of the  Duke upland 

overstory was 72.9 square f e e t  per  ac re  whereas t h e  Hoggard upland 

overstory b a s a l  a r e a  was only 55.8 square f e e t  per  acre .  



VI-B. Vertebrates 

1. Fishes 

a. Species and Relat ive Abundance 

Fish populat ions were s tudied  i n  por t ions  of t h e  two c o a s t a l  p l a i n  

swamp streams during t h e  years  1972 and 1973. Both a r e a s ,  with t h e  

exception of logging, road crossings and common a g r i c u l t u r a l  p r a c t i c e s ,  

were r e l a t i v e l y  unmodified. Col lec t ions  of f i s h  were accomplished by 

t h e  use of seve ra l  methods including wire t r a p s ,  a backpack e lec t ro -  

shocker, g i l l  n e t s ,  small mesh se ines ,  d i p  n e t s ,  weirs  and rotenone. 

The c o l l e c t i o n s  were made a t  numerous stream s i t e s  and a t  numerous 

times during t h e  study period.  A l l  major and common species  were 

represented i n  the  samples. However, some r a r e  species  and some with 

highly clumped d i s t r i b u t i o n s  may not  be represented.  I d e n t i f i c a t i o n  

was performed by a va r i e ty  of personnel and da ta  were not  employed i n  

those ins tances  where confusion exis ted .  

The informa%ion from se in ing,  electro-shocking and rotenone forms 

t h e  b a s i s  f o r  the  conclusions regarding the  r e l a t i v e  abundance es t imates .  

The r a r e  forms were encountered on one o r  few occasions; common forms 

were seen o f t en ,  and t h e  abundant forms were co l l ec ted  f requent ly  and 

i n  r e l a t i v e l y  l a r g e  numbers. A l i s t  of the  species  with t h e i r  common 

and s c i e n t i f i c  names i s  provided on Table 3, and t h e i r  r e l a t i v e  abundance 

i n  the  two streams i s  expressed on Table 4. 



Table 3 .  Common and s c i e n t i f i c  names of t h e  f i s h e s  co l l ec ted  i n  
Duke Swamp and Hsggard Mill Creek March 1972 through 
September 1973 1 

> /  1 

Cornon Name S c i e n t a f i c  Name 

Longnose gar  

Bowfin 

American e e l  

Eastern mudminnow 

Redfin p icke re l  

Chain p icke re l  

Golden s h i n e r  

ProncoPor sh ine r  

Creek chubsucker 

Yellow bullhead 

Brown bullhead 

Tadpole madtom 

Margined madtom 

Swampfish 

P i r a t e  perch 

Mosquitofish 

Fahate perch 

Mud sunf ish  

F l i e r  

Banded pigmy sunf i sh  

Lepisosteus osseus (Linnaeus) 

Anguilla r o s t r a t a  (Lesueur) 

Umbra pygmaea {DeKay) 

Esox americanus americanus Gmelin 

Esox n ige r  Lesueur -- 
Notemigonus crysoleucas (Mi tch i l l )  

Notropis chalybaeus (Cope 1 

Erimyzon oblongus (Mi tch i l l )  

I c t a l u r u s  n a t a l ~ s  (Lesueur] 

I c t a l u r u s  nebulosus $Lesueur) 

Noturus gyrinus (Mrbtchill) 

Noturus i n s i g n i s  %Richardson) 

Ghologaster cornuta Agassiz 

Aphredoderus sayanus (Gil l iams) 

Gambusia a f f i n i s  (Baird and Girard)  

Morone m e r i c a n a  (GmePin) 

Acantharehus pomotf s (Bai r d $  

Centrarchus macropterus (LacepedeB 

Elassoma zonatuan Jordan 



Table 3 
Continued 

Common Name S c i e n t i f i c  Name 

~ i a c k  banded sunf ish  

Bluespotted sunf ish  

Banded sunf i sh  

Redbreast sunf ish  

Pumpkinseed 

Warmouth 

Blueg i l l  

Largemouth bass 

White crappie  

Black crappie  

Darters  

Yellow perch 

Emeaaanthus chaetodon (Baird) 

Enneacanthus g lor iosus  (Holbrook) 

Enneacanthus sbesus (Girard)  

Lepomis a u r i t u s  (Linnaeus) 

Lepomis gibbosus CLinnaeus) 

Lepomis gulosus (Cuvier) 

Lepomis macroelairus Rafinesque 

Mieropterus salmoides (Lacepede) 

Pomoxis annular is  Rafinesque 

Pomoxis nigromaculatus (Lesueur) 

Etheostoma sp. (Cannon) 

Perca f lavescens (Mi tch i l l )  

1 
Nomenclature follows Bailey e t  a l .  1970. 



Table 4. Re la t ive  abundances of f i s h  spec i e s  i n  Hoggard M i l l  
Creek and Duke Creek. 

Hoggard Duke 

Longnose g a r  X 

Bowfin X 

American e e l  X 

Eas te rn  mudminnow X 

Redf i n  p i c k e r e l  X 

Chain p i c k e r e l  X 

Golden s h i n e r  X 

I ronco lo r  s h i n e r  X 

Creek chubsucker X 

Yellow bul lhead  X 

Brown bul lhead  X 

Tadpole madtom X 

Margined madtom 

Swampfish 

P i r a t e  perch  

Mosquito f i s h  

White perch 

Mud s u n f i s h  

F l i e r  X 

Banded pigmy s u n f i s h  



Table 4 
Continued 

Species 

Hoggard - Duke 

Blackbanded sunf ish  

Bluespotted sunf ish  

Banded sunf ish  

Pumpkinseed 

Redbreast sunf ish  

Warmouth 

~ l u e g i l l  

Largemouth bass 

White crappie 

b lack crappie 

Darters  

Yellow perch 



b. Populations 

Introduction 

The following summarizes t h e  r e s u l t s  of e f f o r t s  from March 1972 

t o  March 1973 t o  obta in  information regarding the  major species  of f i s h  

present  a n d ' t h . ~  ex ten t  of  t h e i r  populat ions i n  Duke Swamp and Hoggard 

M i l l  Creeks. 

The p o r t i o n  of  Duke S w a p  s t E e a m  s e l e c t e d  f o r  in tens ive  study was 

8.6 miles long and the  por t ion  of Hoggard M i l l  was 5.5 miles Long. 

(Figures 5 and 6 ) .  Detai led desc r ip t ions  of  these  environments a r e  

found i n  Section VI-A. In  b r i e f  t h e s e  a r e  small streams (Order 1, 2 and 

3) having por t ions  which range from ephemeral t o  perennia l .  A t  t imes 

of normal and high waters they cover vegetated flood-ways and i n  p laces  

a r e  extens ive  i n  area.  A t  low periods t h e i r  waters a r e  l imi ted  t o ,  o r  

a r e  near ly  l imi ted  t o ,  a few r e s i d u a l  pools  of  various widths and depths. 

Three types of  s t u d i e s  were used t o  obta in  t h e  da ta .  They were 

Schnzbel populat ion es t imates  which employed wire t r a p s ;  Petersen 

population es t imates  by use of electro-shocking, se in ing,  t rapping and 

g i l l  n e t s ;  and removal es t imates  by use of rotenone samples. 

Methods and Results  

Wire Trap Studies 

The reaches of- t h e  streams se lec ted  f o r  study were measured and 

divided i n t o  one-quarter mile sec t ions .  Thir ty  percent  of these  sec t ions  

were randomly se lec ted  f o r  sampling ( t e n  i n  Duke Swamp and seven i n  

Hoggard M i l l  Creek]. Four-foot c y l i n d r i c a l  wire t r a p s  about 2 . 5  f e e t  







i n  diameter cons t ructed-of  one-inch mesh poul t ry  w i r e  having a s i n g l e  funnel  

were placed a t  55-yard i n t e r v a l s  i n  t h e  se lec ted  sec t ions  with t h e  funnel  

openings downstream. Eighty t r a p s  i n  Duke and 56 i n  Hoggard were s e t  from 

March 16,  1972, through Apr i l  27, 1932. T i m e s  of l i f t s  f o r  examination 

of catch and marking of f i s h  were i r r e g u l a r  b u t  they genera l ly  occurred a t  

t h r e e  t o  four day i n t e r v a l s .  Water l e v e l s  during the  per iod  of t rapping 

were moderate t o  high. Some t r a p  moLestation occurred i n  both swamp areas .  

Captured f i s h  were f in-cl ipped o r  tagged wi th  s e r i a l l y  numbered Floy 

t ags  a t  t h e  base of the  dorsa l  f i n .  They were then re leased a t  t h e  capture  

s i t e .  Population es t imates  based upon recaptures  were derived by use of 

the  modified Schnabel technique described by Ricker (1958) from Chapman's 

(1952, 1954) publ ica t ions .  

N = Population Estimate 

C = Number of f i s h  i n  sample on day t 
t 

M = Number of marked f i s h  i n  t h e  populat ion a t  s t a r t  of day t 

R = Total  number of recaptures  f o r  t h e  period of the  es t imates  

Random mixing, equal su rv iva l ,  and s i m i l a r  behavior of marked and 

unmarked f i s h  were assumed. 

There were 3,122 f i s h  captured i n  Duke Swamp i n  2,609 t r a p  days and 

1,097 f i s h  i n  Hoggard M i l l  i n  1 ,731 t r a p  days. The major spec ies  caught 

were creek chubsucker, f l i e r ,  brown and yellow bullhead,  and r e d f i n  

p icke re l .  Creek chubsucker numbers represented about 52 percent  of the  

t o t a l  catch i n  Duke Swamp and 42 percent  i n  Hoggard M i l l .  F l i e r  made 



up about the  same percent  of t h e  catch i n  both swamps (23 percent  and 

22 percent  r e s p e c t i v e l y ) .  Redf6in p i c k e r e l  accounted f o r  about 4 percent  

of t h e  catch i n  both swamps; yellow bullhead 4 percent  i n  Duke and 12 

percent  i n  Hoggard; brown bullhead 7 percent  i n  Duke, 1 percent  i n  

Ho d golden sh ine r  1 percent  i n  Duke, 5 percent  i n  Hoggard. 

T e ca tch  per  t r a p  i n  Hoggard was about one-half t h a t  of Duke 
r 

Swamp, Table 5 ,  

Schnabel r e s u l t s  i n  Duke Swamp indica ted  t h a t  brown bullhead were 

the  most numerous, followed i n  descending order  by f l i e r ,  yellow bullhead,  
I 

creek chubsucker, and r e d f i n  p icke re l .  In  Hoggard M i l l  Creek the  e s t i -  

mates of a l l  t h e  major species  were l e s s  than i n  Duke Creek. Creek 

chubsucker, yellow bullhead, f l i e r ,  and golden shiner  were est imated 

as  being t h e  most abundant i n  t h a t  creek. The Schnabel populat ion 

es t imates  f o r  each species  with the  upper and lower confidence l i m i t s  

a t  $he 80 percent  l e v e l  (Crow and Gardner 1959) a r e  presented i n  

Table 6 .  I f  t h e  random mixing and other  assumptions a r e  v a l i d  the  

es t imates  a r e  app l i cab le  t o  the  lengths of  t h e  study por t ions  of  t h e  

streams. E f f o r t s  t o  develop comparable f i g u r e s  cons is ted  of present ing  

da ta  as numbers and weigh-ks pe r  study a rea ,  pe r  mile, and pe r  ac re .  

Mean weights of f i s h  obtained from some caught i n  Duke Creek (Table 7)  

and t h e  numerical Schnabel es t imates  were used a s  a b a s i s  f o r  es t imat ing  

species  and t o t a l  weights of f i s h  i n  -the populat ions.  

The t o t a l  est imated weight pe r  mile i n  Duke Swamp of f i s h  caught i n  

wire t r a p s  was 528 pounds and i n  Hoggard 126 pounds. Estimated weight per  

acre ,  based on bow flow es t imates ,  was 198 pounds and 59 pounds f o r  Duke 

Swamp and Hoggard M i l l  Creek respect ive ly(Table  8 ) .  



Table 5. Species, number and r e l a t i v e  abundance of f i s h  caught by wire t r a p s  i n  
Duke and Hoggard Mill Creek. 

Species 

Bowfin 

American e e l  

Redfin p i c k e r e l  

Chai n p i c k e r e l  

Golden sh ine r  

Creek chubsucker 

Yellow bullhead 

Brown bullhead 

Mud sunf i sh -  

F l i e r  

Bluespotted sunf ish  

Redbreast sunf ish  

Pumpkf nseed 

Warmouth 

Blueg i l l  

Largemouth bass 

Black crappie 

Yellow perch 

Tota l  

Trap days 

Duke Swamp 

Relat ive Average/ 
[umber Abundance t r a p  day 

Hoggard M i l l  

Rela t ive  Average/ 
Number Abundance t r a p  day 

* Data not  s u i t a b l e  f o r  Sehnabel es t imates  of Table 2 .  

4 3 



T a b l e  6 .  Estimated abundance of f i s h  in Duke and Hoggard Mill Creeks based upon 
wire t r a p  caught f i s h  and the  modified Sehnabe1 procedure. 

Species 

Redf i n  p icke re l  

Golden sh ine r  

Yellow bullhead 

Brown bullhead 

Mud sunfash 

F l i e r  

Bluespotted sunfish 

Black crappie 

D u k e  Swamp 
80% Confi- 

Est, N o ,  dence Limit 

631 397 - 1039 

Hoggard Mill - 
80% Confi- 

Est. No. dence Limit 



Table 7. Length and weight of  a sample of  f i s h e s  captured  w i t h  wire  t r a p s  
i n  Duke Swamp dur ing  t h e  s p r i n g  1972 sampling pe r iod .  

Number Average Mean 
Species  of F i s h  Length (m) Weight (g)  

Creek chubsucker 90 206 146 (.321b) 

F l i e r  9 6 129 48 ( . l l l b )  

Pumpkinseed 7 116 31 (.071b) 

Yellow bul lhead  11 205 124 (.271b) 

Redfin p i c k e r e l  11 233 116 (.261b) 

Bowfin 

Brown bul lhead  3 264 113 (.251b) 

Mud s u n f i s h  5 15 2 67 (.151b) 

Golden s h i n e r  2 137 32 (.071b) 



Table 8. Estimated weight of f i s h  i n  Duke and Hogqard M i l l  Creeks based upon 
Schnabel estimates. 

Mean E s t  lbs/mi E s t  Ibs/mi E s t  l b s  Eat l b s  Est w t /  Es t  w t /  
w t  of Duke of Hoggard i n  i n  a c r e  ac re  

Species i n  lbs .  (8.5 m i )  (5.5 mi) Duke Hoggard Duke *" Hoggard ** 

Bowfin . 47 2.7 -- 23* -- 1.0 -- 
Redfin p ickere l  -26 18-9  7 - 1  16 1 3 9 7.1 3.3 

Golden sh ine r  -07 - 4  3.8 3 2 1 -1 1.8 

Creek chubsucker -32 101.9 55.0 866 304 38.3 25.9 

Yellow bullhead -27 98.0 41.0 833 227 36.8 19.3 

Brown bullhead -25 260.7 - 4  2216 2* 97.9 - 2  

Mud sunf i sh  -15 1 ,4  3.3 12 18 .5 1.5 

F l i e r  .11 41.5 14.5 35 3 8 0 15.6 6.8 

Pumpkinseed -07 2.4 - 4  20* 2 * - 9  -2  

Blueg i l l  -04 - 6  - 2  5 * l *  -2  -1 

Total  528.5 126.2 4492 694 198.4 59.1 

* Data a r e  not s u i t a b l e  f o r  Schnabel ca lcu la t ions  and are considered a s  a minimal 
est imate.  

** Acreage es t imates  were obtained from Petersen por t ion  of  s tudy and w e r e  22.7 
i n  Duke Swamp and l 1 , 7  i n  Hoggard M i l l .  Rise and f a l l  of water g r e a t l y  
a f f e c t s  area .  



Returns of marked f i s h  of some spec ies  d id  no t  occur, and i n  those 

ins tances  the  numbers caught serve  a s  a  minimum es t imate  of those present .  

Petersen Estimates 

Four one-quarter mile por t ions  of each stream were se lec ted  a t  random 

f o r  study. These were divided i n t o  smaller  sub-sections which were blocked 

with small mesh n e t s  p r i o r  t o  f i s h  co l l ec t ions .  The f i s h  were co l l ec ted ,  

marked, and re turned t o  t h e  sec t ions .  A second sample was then obtained 

using the  same gear type with e f f o r t  s i m i l a r  t o  t h a t  used i n  t h e  f i r s t  

co l l ec t ion .  Backpack shocker, wire t r a p s ,  g i l l  n e t s ,  and small  mesh n e t s  

were used t o  capture t h e  f i s h .  A s  t h e  census of each sec t ion  was completed 

the  next  sec t ion  was sampled u n t i l  t h e  e n t i r e  one-quarter mile por t ion  was 

sampled. Data from t h e  four one-quarter mile por t ions  were combined t o  

der ive  one es t imate  f o r  1 mile of each stream. Col lec t ions  were made 

from June 6 t o  August 11, 1972, i n  Duke and during Ju ly  and August i n  

Hoggard M i l l  Creek. 

For those species  which were taken only i n  t h e  f i r s t  o r  i n  the  second 

c o l l e c t i o n  t h e  empirical  numbers were used t o  der ive  a minimal es t imate .  

The Petersen method (Lincoln Index) was used t o  es t imate  the  populat ion 

of species  of f i s h e s .  




















































































































































































































































































































































































































































































































































































































































































































































































































































