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ABSTRACT

THE ASSOCIATION OF WATER QUALITY PARAMETERS,
GEOLOGICAL SUBSTRATES AND PERIPHYTON 

COMMUNITY STRUCTURE

This  research was designed to  understand the s t r u c t u r e  o f  
e p i l i t h i c  diatom assemblage o f  a f i r s t - t o - t h i r d  o rde r  stream 
system which has minimal va r iance  in  n u t r i e n t  c o n c e n t ra t io n ,  but 
s i g n i f i c a n t  d i f f e r e n c e s  in  geomorphological  c h a ra c te r .  The 
p r im ary  o b j e c t i v e  was to  determine the importance o f  geo log ica l  
s u b s t ra te  on the s t r u c t u r e  o f  the diatom assemblages. The second 
o b je c t i v e  was to  examine the e f f e c t  o f  f lo w  on these assemblages, 
and the t h i r d  p a r t  o f  the research was to  develop a seasonal model 
o f  temporal  and s p a t i a l  annual succession.

The temporal  and s p a t i a l  models rep resen t  the e f f e c t  o f  
seasons, stream o rd e r ,  s ubs t ra te  c h a r a c t e r i s t i c s ,  storm events ,  
and per iods  o f  l e s s e r  f lo w  on diatom assemblages.

A lso ,  a c o m p i la t io n  o f  the diatoms repo r ted  in  the Ozark 
Highlands i s  inc luded  along w i th  a d e te rm ina t io n  o f  the s i m i l a r i t y  
o f  the diatom f l o r a  in  the study reach on the Middle Fork o f  the 
White R ive r  and o th e r  reg iona l  streams.

Richard L. Meyer and J u l i a  Chr is tensen Eichman

Complet ion Report  to  the U.S. Department o f  the I n t e r i o r ,  Geo log i ­
cal  Survey, Reston, VA, June 1990.

Keywords- -Per iphy ton /Water  Q u a l i t y /S t re a m s /S u b s t ra te /F lo w
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INTRODUCTION

Flowing water  poses s i g n i f i c a n t  problems f o r  study because 

o f  i t s  cont inuum p r o p e r t i e s  (Cummins 1974; Vannote e t  a l . 1980), 

and i t s  pa tch iness  ( P r i n g l e  e t  a l . 1988).

S tud ies  i n v o l v i n g  wate r  q u a l i t y  and organism i n t e r a c t i o n  

have spanned several  decades (Myers 1898; F r i t s c h  1929; She l fo rd  

and Eddy 1929; Hustedt 1930; Preston 1948; Gumtow 1955; Blum 1956; 

Odum 1957; Douglas 1958; Hohn e t . a l  1963; P a t r i c k  and Reimer 1966, 

1975; Edwards 1972; Lowe 1974; Moore 1977; C la rk  1977; Jones 1978; 

Schoeman 1973; Weber and C o r l i s s  1978; Woomer 1986; DeSeve 1981; 

Ke i than 1988). I d e n t i f i c a t i o n  o f  the diatoms and a n a l y t i c a l  

techn iques  f o r  wa ter  q u a l i t y  parameters have improved du r in g  the 

l a s t  one hundred yea rs .  As e a r l y  as 1929 s tud ie s  recogn ized t h a t  

a permanent stream sub-community e x i s t s  and undergoes success iona l  

development.  Th is  sub-community a t t a i n s  and ma in ta ins  a q u a s i ­

s t a b le  c o n d i t i o n  approx imate ly  comparable to  land cl imaxes and 

m an i fes ts  seasonal and annual d i f f e r e n c e s  ( F r i t s c h  1929; Eddy and 

S h e l fo rd  1929).  The topography o f  the stream bottom and i n d i v i d u ­

al rocks were recognized as im po r tan t ,  but  on ly  as anchors,  and 

p r o t e c t i o n  f rom v a r i a b le  f l o w  ra te s  (Blum 1956). Flow r a te  

s tu d ie s  were im po r tan t  because scour ing  as a d is tu rba nc e  f a c t o r  

m ight  keep assemblages immature, o r  as p ioneer  sere (Douglas 1958; 

P a t r i c k  1962). Fu r the r  stream s tud ies  in t roduced  the idea t h a t  as
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water f lows over and through the landscape to  the stream channel 

i t  acqu ires and in te g ra te s  c h a r a c t e r i s t i c s  f rom the land,  espe­

c i a l l y  the s o i l s ,  topography, and v ege ta t ion  (Hynes 1970; Whi t ton  

1975; Likens and Borman 1974). Even w i th  the a v a i l a b i l i t y  o f  t h i s  

i n fo rm a t io n  the re  have been very few at tempts to  t r e a t  streams and 

r i v e r s  h o l i s t i c a l l y ,  as d i s c r e t e  e c o log ica l  systems. I t  i s  easy 

to  v i s u a l i z e  a pond, lake ,  o r  f o r e s t  as a d i s c r e t e  e n t i t y ,  but  i t  

i s  not  as easy w i th  a stream because i t  changes s ize  and covers a 

cont inuous area (Minsha l l  e t  a l . 1983).

A. Purpose and Ob jec t ives

The purposes o f  t h i s  research were focused p r i m a r i l y  on the 

in f l u e n c e  o f  geo log ica l  subs t ra te  c h a r a c t e r i s t i c s  on the a s s o c ia t ­

ed diatom assemblages, as we l l  as to  determine i f  f l o w  prov ided 

not  on ly  a cont inuous supply o f  n u t r i e n t s  and removal o f  waste,  

but  induces mechanical s t ress  so as to  ac t  as a s e l e c t i v e  fo rc e  on 

the assemblages. The pr imary o b je c t i v e  focused on de te rm in ing  the 

importance o f  geo log ica l  subs t ra te  c h a r a c t e r i s t i c s  on the a s s o c i ­

ated e p i l i t h i c  diatom assemblage. The secondary o b je c t i v e  was 

the development o f  a seasonal model o f  d iatom assemblages f o r  a 

f i r s t  through t h i r d  o rder  ecosystem. C o r r e la t i o n  o f  the seasonal 

assemblage s t r u c t u r e  w i th  f lo w  pa t te rn s  would pe rm i t  the d e te r m i ­

na t io n  o f  the importance o f  storm events and cessa t ion  o f  f l o w  on

2



the assemblages. The recovery  o f  the organisms may g ive  i n s ig h t  

i n t o  the r o l e  o f  s u r v i v i n g  p op u la t ions  in  secondary succession.

Th is  research concen t ra tes  on the in f l u e n c e s  o f  se lec ted  

chemica l ,  phys ica l  and geo log ic  parameters r e s u l t i n g  in  the 

d i f f e r e n t i a t i o n  o f  d iatom assemblages along a s p a t i a l  g ra d ie n t  

d u r in g  an annual c y c le .  A lso ,  a comparison o f  the stream diatom 

assemblages o f  t h i s  s tudy area w i th  those stream assemblages in  

o th e r  areas o f  the  Ozark H igh lands/Boston Mountains was compi led 

in  o rde r  to  p rov ide  a comprehensive survey o f  the diatoms from 

t h i s  ecoreg ion  (Rippey 1977; Woomer 1986).

B. Related Research and A c t i v i t i e s

The h o l i s t i c  approach brought  about the i n t r o d u c t i o n  o f  

ecoreg ions  (Lo tspe ich  1980). Ecoregions are de f ined  as areas o f  

r e l a t i v e l y  homogeneous types o f  la n d -s u r fa c e  form, s o i l ,  p o t e n t i a l  

n a tu ra l  v e g e ta t io n ,  and land use (Rohm e t  a l . 1987).

Th is  research was conducted in  the Ozark Highland ecoreg ion 

o f  Arkansas. The re fe rence  stream f o r  t h i s  area i s  the B u f fa lo  

R ive r  (Rippey and Meyer 1976),  because i t  i s  a stream w i th  minimal 

human p o p u la t io n s  and d is tu rb a n c e .  I t  has been suggested t h a t  

o th e r  streams should be se lec ted  f o r  a n a ly s i s  in  each o f  the eco­

reg ions  t o  in su re  the  rep resen ta t iven ess  o f  the re fe rence  stream 

(Rohm e t  a l .  1987).  Documentation shows t h a t  w i t h i n  a given
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reg ion  the re  are su b t le  d i f f e r e n c e s  t h a t  should be recogn ized,  not 

on ly  w i th  regard to  geology,  but water  q u a l i t y ,  n u t r i t i o n a l  

element a v a i l a b i l i t y ,  f l o w  ra te s ,  and seasonal changes as wel l  

(Kei than e t  a l . 1988).  A l l  o f  these parameters p lay  a p a r t  in  the 

community present  and the changes t h a t  may occur  i f  d is tu rbance  

increases (Hughes and Larsen 1988).

Diatoms were se lec ted  as the research organisms because they 

are dominant organisms o f  Ozark Highland streams, and in  the 

s tu d ied reach (Robinson 1951; Rippey 1977; Woomer 1986). Much is  

known about t h e i r  s p e c i f i c  n u t r i t i o n a l  needs, and t h e i r  assemblage 

response to  va r ious  changes in  the m ic ro-env ironment  (Fee 1967; 

Lowe 1972).  Hohn (1961) s t a te s ,  "The t o t a l  species observed in 

na tu ra l  " h e a l th y "  r i v e r s  o f  s i m i l a r  chemical q u a l i t y  i s  the same 

in  w id e ly  separated geographical  areas al though the number o f  

specimens observed in  secur ing these species may be q u i t e  d i f f e r ­

e n t . "  I f  the chemical q u a l i t y  i s  d i f f e r e n t  when comparing 

streams, then a judgement on t h e i r  r e l a t i v e  hea l th  p robab ly  should 

not be made (Hohn 1961).

The e f f e c t  o f  f l u c t u a t i n g  water  l e v e l s  and seasons on 

in v e r t e b ra te s  and f i s h  i s  we l l  documented (F is he r  e t  a l . 1982; 

Kroger 1973; Legendra e t  a l . 1984).  S tudies  o f  diatoms in d i c a te  

seasonal d i s t r i b u t i o n  so species tend to  f o l l o w  the same general 

p a t t e rn  year  a f t e r  yea r .  "The most im por tan t  g e n e r a l i z a t i o n s  we
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can make are t h a t  a f l o r a  a t  a p a r t i c u l a r  season i s  r e la t e d  more 

to  wa te r  q u a l i t y  (m in e ra l ,  c o n te n t ,  pH, e t c . . . )  and c u r re n t  speed 

than to  any o th e r  f a c t o r .  We can conclude t h a t  v a r i a t i o n  in  f l o r a  

w i t h  seasons r e s u l t s  c h i e f l y  f rom changes in  wa ter  tempera tu re ,  

but  changes in  t o t a l  i n c id e n t  l i g h t  are im po r tan t  f o r  some spe­

c ie s "  (W h i t fo rd  and Schumacher 1963). The h ighes t  p rodu c t ion  

ra te s  g e n e r a l l y  occur  in  s p r ing  o r  e a r l y  summer, and the lowest  

p ro d u c t io n  ra te s  occur  in  l a t e  summer, w i th  fewer species presen t  

(Castenholz  1960; Ho l land 1969; Main 1977, 1988; Mull er -Haecke l  e t  

a l . 1978; W h i t fo rd  e t  a l . 1963).

The M idd le  Fork o f  the White R ive r  i s  lo c a te d  in  Madison and 

Washington coun t ies  o f  nor thwest  Arkansas. I t  i s  a f i r s t - t o - t h i r d  

o rde r  stream lo c a te d  in  the Ozark High lands,  but  i t s  d ra inage i s  

f rom the Boston Mountains.  Th is  stream was se lec ted  as the study 

reach because i t  has s te e p - to - s h a l l o w  s lope ,  ephemeral p o r t i o n s ,  

r i f f l e  pool segments and t ra v e rs e s  seven g e o lo g ic a l  f o rm a t io n s .  

A lso  i t  i s  modera te ly  popu la ted ,  w i th  a minimal amount o f  d i s t u r ­

bance, and because p r e l im in a r y  obse rva t ions  in d ic a te d  s i g n i f i c a n t  

d i f f e r e n c e s  between i t  and the B u f f a lo  R ive r  (Meyer, personal  

communica t ion) .  A lso ,  the Middle Fork i s  one o f  the th re e  major 

d ra inage areas which supp l ies  Beaver Lake, the major  d r i n k i n g  

water  resource  f o r  nor thwest  Arkansas.

The dra inage bas in  i s  narrow and surrounded by rugged
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pla teaus (Bishop 1961; Tay lo r  1964). There i s  some a g r i c u l t u r a l  

d is tu rbance  in  the form o f  c a t t l e  pas tures ,  hog o p e ra t ions ,  and 

chicken o p e ra t ions .  Only minimal f i e l d  plowing i s  done in  the 

area. The a g r i c u l t u r a l  a c t i v i t i e s  occur a t  l e a s t  200 meters from 

the stream and the re  i s  u s u a l l y  r i p a r i a n  f o r e s t  40 meters wide 

along the stream marg ins.  The major steam-bed d is tu rbance  i s  

grave l  removal .  Dur ing high water  per iods  in  the sp r ing  and f a l l  

the stream i s  used f o r  r e c re a t i o n a l  a c t i v i t i e s  such as canoeing.

The study area was unique because the geomorpholgy o f  the 

area inc ludes  f i v e  d i f f e r e n t  fo rm a t ions ,  w i th  s i x  o f  t h e i r  mem­

bers ,  f rom two d i f f e r e n t  ages exposed to  the stream f lo w  (F igu re  1 

& 2 ) .  Seven d i s t i n c t  l i t h o l o g i c a l  fo rm a t ions  ( rock  types)  are 

exposed w i t h i n  the watershed.

The t y p i c a l  r i f f l e - p o o l  p a t te rn  a l lows f o r  m ix ing  o f  va r ious  

water  q u a l i t y  types .  The f lo w  pa t te rn s  were a l t e r e d  by bimodal 

annual r a i n f a l l  d i s t r i b u t i o n .  There were d ry  per iods  in  the 

summer and w in t e r  when obvious sur face f lo w  ceases. The s tand ing  

pools du r ing  these per iods  were through grave l  and/or  s p r i n g - f e d .

Previous s tud ies  have compared na tu ra l  versus a r t i f i c i a l  

subs t ra tes  (B l i n n  1980; Brown 1976; Cox 1988; Woomer 1986; Fon t ­

aine 1983; Lay e t  a l . 1987; Lowe e t  a l . 1980; S iv e r  1977; T ippe t  

1970; Tuchman e t  a l . 1980),  as we l l  as f lo w  ra te s  and succession 

(F is he r  e t  a l . 1982; F r i t s c h  1929; Guntow 1955; Jones 1978; Kroger
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1973). Seasonal cycles o f streams have been examined by Holland 

(1969); Main (1988); Mull er-Haeckel et a l . (1978); Whitford et a l . 

(1963). E a r l ie r  comparison o f water q u a l i ty  w ith diatom assem­

blages were conducted by Lowe (1974); Schoeman (1973); Weber et 

a l . (1978); Hustedt (1930); Dodd (1971). Only a few studies 

in tegrated a l l  o f these parameters in th e i r  research (Eminson 

1980; Tuchman et a l . 1979; Patr ick  1962; Pa tr ick  and Strawbridge 

1963). An analysis o f the in te ra c t io n  o f n u tr ie n t  composition of 

the water, the geological substrate to  which the organisms are 

attached and the flow ch a ra c te r is t ics  o f the stream system may 

provide a cha rac te r iza tion  o f the diatom community through an 

annual cycle , the diatom assemblage associated w ith each substrate 

type and the influence o f f low . One obstacle o f the p ro jec t was 

the shortage o f research done on low con duc t iv ity ,  low pH, low 

n u tr ie n t  streams (Christensen and Archibald 1976, Camburn et a l . 

1978, Winterbourne et a l . 1985).

METHODS AND PROCEDURES

A. S ite  Descriptions

Nine permanent r iv e r  c o l le c t io n  s ta t ions on the Middle Fork 

o f  the White River were selected fo r  analysis o f the diatom 

assemblage, selected physical measurements, chemical water q u a l i ty  

analys is , and id e n t i f ic a t io n  o f the geologic formations exposed to
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Figure 3 Middle Fork o f  the White River Drainage Basin, and Study S ites
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water flow. (Figure 3). The geological information about the area 

was obtained from U.S. Geological Survey 7 1/2' maps, and by on 

s i te  observations. Soil types and cha rac te r is t ics  were obtained 

from the Washington County, Arkansas Soil Survey (1969).

The r iv e r  drainage system bisects the north face of the 

Boston Mountain peneplain resu lt ing  in h i l l y  te r ra in  w ith va lley  

f la t s  along the streams. The va lley  f la ts  at the lower portion 

are b u i l t  o f a l lu v ia l  deposits several feet th ic k  which are 

probably post-Pleistocene in age (Taylor 1964). The e n t ire  basin 

is  composed o f the typ ica l "v" shaped valleys w ith the h i l l s  

widely forested and the rocks covered with so il and colluvium.

The sandstone and limestone of the lower h a l f  form b lu f fs  whereas 

the s i l ts to n e  and shale of the upper portions form gentle slopes.

The f iv e  geological formations with s ix  o f i t s  members are 

exposed along the r iv e r  course. Figure 4 depicts the s tra t ig raphy 

o f the substrate cha rac te r is t ics  with sampling loca tions along the 

stream p r o f i le .  Detailed descriptions are given fo r  each sampling 

s i te .

River Kilometer 2.6 [R28W, T14N NE 1/4 o f Section 4]

The exposed substrate at 602 meters is  very f r ia b le  shale, 

an unnamed member o f the Winslow Formation. The stream is  narrow, 

2 meters wide w ith exposed bedrock slabs. The r ip a r ia n  zone is 

pasture surrounded by oak-hickory stands o f the Ozark National

12



Forest.

River Kilometer 8.0 [R28W, T14N NE 1/4 o f Section 30]

Elevation has decreased to 472 meters. The sandstone 

bedrock is  the Woolsey member o f the Bloyd Formation. The four 

meter wide stream bottom is  covered by cobble and gravel. Pas­

tures and small chicken operations adjoin the western margin while 

the fo re s t is  adjacent to  the eastern rim.

River Kilometer 11.2 [R29W, T14N Center o f Section 24]

At 445 meters e levation the substrate is  composed o f slab 

shale from the Cane H i l l  Member o f the Hale Formation. The area 

adjacent to  the e ight meter wide stream is  wooded w ith minimal 

pasturing.

River Kilometer 16.6 [R29W, T14N SW 1/4 o f Section 11]

The area is  surrounded by limestone b lu f fs  o f the P itk in  

formation. The 20 meter wide stream is  exposed to the P itk in  

limestone formation and the e levation is  427 meters. The l i t t l e  

true  so i l  is  found only along the stream margin which supports 

minimal pasturing o f c a t t le .

River Kilometer 20.6 [R29W, T15N SW 1/4 o f Section 34]

At 405 meters the ten meter wide stream is  exposed to the 

sandstone slab o f the Wedington Member from the F a ye tte v i l le  

Formation. There are extensive pastures and several chicken 

operations, but forested stream margins are being maintained.
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River Kilometer 23.4 [R24W, T15N NE 1/4 o f Section 28]

This sampling area is  on massive sandstone slabs of the 

Wedington Member at an elevation o f 396 meters. On the east side 

of the ten meter wide stream at the top o f the b lu f f  is  a ceme­

te ry , and beyond the forested west margin is  a c a t t le  feed lo t .  

River Kilometer 26.6 [R29W, T15N SW 1/4 o f Section 16]

This area is  pasture at an elevation o f 381 meters. The 

bedrock formation is  the Loger limestone le n t i l  o f  the Fayette­

v i l l e  Formation. The 100 meter wide streambed is  gravel and 

cobble, w ith through gravel flow and during the dry periods.

River Kilometer 30.4 [R29W, T15N NE 1/4 o f Section 5]

The elevation of th is  heavily pastured 60 meter wide s i te  is 

373 meters. I ts  bedrock is  compose o f sandstone o f  the Wedington 

Member o f the F a ye tte v i l le  Formation and i t  is  covered w ith gravel 

and cobble; although flooding may expose i t  to water flow.

River Kilometer 35.2 [R29W, T15N NW 1/4 o f Section 33]

The elevation at th is  s i te  is  360 meters w ith the Fayette­

v i l l e  Formation buried under several meters of alluvium and 

cobble. This area is  o f very reduced slope, 60 meters wide and is 

used as a pasture fo r  c a t t le .  At the beginning o f th is  p ro jec t a 

beaver was a c t ive ly  maintaining a dam across the stream at th is  

po in t.
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B. Sampling and Data C ollection

Diatom samples were co llected by gathering plant m ateria ls , 

p ick ing up obvious grazers, and scraping rocks. Epipe lic  o f 

organisms on mud surfaces were co llected by p ip e tt in g .  A ll 

possible substrates at each sampling s i te  were included. These 

samples were placed in ind iv idua l v i rg in  glass v ia ls .

Raw samples were s p l i t .  Half o f the sample was observed 

untreated to estab lish  the l ive -to -dead ra t io ,  w ith 90% l iv e  

es tab lish ing  the sample's a cce p ta b i l i ty  (Slock 1979). This 

portion  was la te r  preserved and archived as a reference sample. 

The other portion  was cleaned by a modified Van der Werff (1958) 

method. The cleaned material was dried on covers lips and mounted 

on s lides  w ith Hyrax (n=1.65).

The mounted diatom material was observed w ith a Nikon l ig h t  

microscope containing a Nikon 100X plan achromat (1.30) o i l  

ob jec tive  and Nikon 10X occulars. Species were id e n t i f ie d  to 

species w ith the help o f the fo llow ing  works: Hustedt (1930, 

1937, 1949); Cleve-Euler (1951-1955); Camburn et a l . (1978); 

Petersen (1950); Czarnecki et a l . (1978); Hansmann (1973); Chris­

tensen (1969, 1976); Patr ick  and Reimer (1966, 1975). Nomencla­

ture  was updated using Vanlandingham (1973). To determine the 

proportional representation o f the diatom assemblages found at 

each s i te  1000 valves were id e n t i f ie d  and counted. Slides were
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scanned fo r  additional taxa.

Chemical and physical parameters were monitored in the f ie ld  

from September, 1989 through October, 1990. Fie ld measurement o f 

temperature was made using a f ie ld  thermometer, flow was measured 

w ith a General Oceanics, Inc. flow meter and pH using a Marksen pH 

meter. Water samples fo r  laboratory analysis were co llec ted  f iv e  

centimeters below the water surface, and maintained at or below 

stream temperature. In the laboratory tu r b id i t y  was determined 

w ith a Hach Turbidimeter Model 2100 using u n f i l te re d  water sam­

ples. Conductiv ity was ascertained w ith a YSI Model 54 conductiv­

i t y  meter. The determination o f orthophosphate, ammonia nitrogen, 

n i t ra te  n itrogen, a lk a l in i t y ,  and to ta l  hardness were done in 

accordance w ith Standard Methods, Edition 16 (APHA 1985).

Data compilation, graphs and ca lcu la tions were preformed by 

an IBM-XT computer using Lotus 123 (2.2) and Harvard Graphics 

(2 .3 ).

PRINCIPAL FINDINGS AND SIGNIFICANCE 

The resu lts  were compiled in f iv e  categories. F i r s t  the 

annual mean d is t r ib u t io n  o f each measured parameter was considered 

by r iv e r  k ilom eter. Second, physical and chemical parameters were 

analyzed fo r  each s i te .  Third, the general long itud ina l d is t r ib u ­

t io n  o f the diatom taxa was described. Fourth, a seasonal d i s t r i -
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bution o f diatoms fo r  each s i te  was examined. F i f th ,  a compre­

hensive l i s t  o f taxa fo r  the Ozark/Boston ecoregion was compiled.

A. Mean Annual Water Quality  Parameters

There is  a re la t ion sh ip  between the change o f the geomor­

phology, the stream order, and certa in  water chemistry at the 

study s i te s .  The stream order impact, however, may be a fa c to r  of 

the volume and q u a l i ty  o f water the t r ib u ta r ie s  con tr ibu te  to the 

system.

There is  a d ire c t  re la t ion sh ip  between hardness, a lk a l in i t y ,  

and conduc t iv ity  (Figure 5). The upper reaches o f the stream have 

low values, w ith a large change between RKm 8.0 and RKm 11.2 fo r  

each parameter (20 mg/l hardness, 20 mg/l a lk a l in i t y ,  and 20 uS 

conduc t iv ity  change). There is  a formation s h i f t  from the sand­

stone Woolsey member o f the Bloyd formation to the shale Cane H i l l  

member o f the Hale Formation at RKm 11.2 (Figure 4). A large 

change, o f 20 mg/1 hardness, 30 mg/1 a lk a l in i t y ,  and 30 uS, occurs 

between RKm 16.6 and RKm 23.4. The area at RKm 16.6 is  the P itk in  

limestone formation, before RKm 23.4 there are several t r ib u ta r ie s  

tha t drain th is  formation in to  the stream (Figure 3). There would 

be an increase in the calcium carbonate and an observed increase 

in associated parameters. The rest o f the s ites  reach a plateau, 

but at a s l ig h t ly  lower level o f 38.00 mg/1 a lk a l in i t y ,  31.00 mg/1
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Mean Hardness Parameters
S eptem ber 1989 - O c tobe r 1990

Figure 5
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hardness, and 75.0 uS.

There appeared to  be a greater bu ffe r in g  capacity exh ib ited 

in the lower reaches which was the re s u l t  o f extensive exposure 

to  the limestone at the midreaches (Figure 4). This area has one 

o f  the major t r ib u ta r ie s ,  Greasy Creek, entering in to  the system. 

This stream traverses the limestone exposure, and the ru n o ff  adds 

dissolved calcium carbonate to  the system. The pH o f the water 

also increases the a b i l i t y  o f the water to  leach ions from the 

exposed limestone (Wetzel 1983). There was also some e f fe c t  o f 

d i lu t io n  because the volume o f the stream was increased w ith  the 

increasing stream order.

There was not a s ig n i f ic a n t  va r ia t io n  in the quan tity  o f 

orthophosphate or ammonia nitrogen along the e n t ire  study reach. 

Both parameters averaged less than one m il l ig ram  per l i t e r  (Figure 

6). The n i t r a te  concentrations f lu c tu a te  w ith increased flow and 

corresponding ru n o ff  from the r ip a r ia n  area. There was a n o t ice ­

able increase in  association w ith add itiona l human disturbance.

RKm 2.6 surrounded by the Ozark National Forest had a mean n i t r a te  

n itrogen o f 1.34 mg/1 compared to  5.03 mg/1 at the RKm 35.2 which 

is  surrounded by a cow pasture.

Without the influence o f major volume increase due to ra in  

ru n o ff  from the e n t ire  basin, the tu r b id i t y  was normally less than 

10 NTUs at the lower end, w ith an average o f 5 NTUs (Figure 7).
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Mean Chemical Parameters
Septem ber 1989 - O c tobe r 1990
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Mean Turbidity
S eptem ber 1989 -  1990

Figure 7
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With minimal ru no ff  the upper reaches seldom had tu r b id i t ie s  more 

than 5 NTUs. As the order o f the stream changed so did the 

tu r b id i t y  load. This was associated w ith an increase in alluvium 

and debris transport, but algae and zooplankton had l i t t l e  or no 

e f fe c t  (Figure 3).

Mean flow rates were the most e r ra t ic  o f the parameters 

measured (Figure 8). They were affected by changes in the eleva­

t io n ,  r a in fa l l  amounts and the stream width and depth, as well as 

the number, volume and area of the drainage basins o f t r ib u ta r ie s .  

(Figures 3 & 4).

Temperature also followed the pattern o f the res t o f the 

parameters (Figure 9). The lowest mean temperature o f 14.2°C was 

at RKm 2.6 where the stream was narrow and f i r s t  order. When the 

order o f the stream changed from f i r s t  to second order before RKm 

11.7 the temperature rose to 16.4°C. The next change in order 

occurred a f te r  RKm 20.6 and again there was a sharp upward trend 

to 16.9°C. Temperature reached a plateau o f 17.8°C at RKm 30.4. 

Temperature was affected by seasons and also appeared to be 

affected by stream order. The temperature changes at the lower 

reaches were more gradual than those o f the upper reaches, and 

where volume and exposure increased while flow rate decreased.

Mean pH fo r  the study area was 6.52 at RKm 2.6 w ith a s l ig h t  

increase to 6.90 at RKm 8.0 (Figure 10). There was a change o f
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Mean Flow
S eptem ber 1989 -  1990
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Mean Temperatures
Septem ber 1989 - O c to be r 1990

Figure 9
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Mean pH
Septem ber 1989 - O c to b e r 1990

Figure 
10
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0.17 between RKm 8.0 and RKm 11.7. This was associated with 

change o f formations and stream order between those two s ite s .

The next large change from 6.77 to 6.87 occurred between RKm 16.6 

and RKm 20.6. This increase was associated w ith a formation 

change. A decrease of pH to 6.82 occurred at RKm 23.4. The next 

change was marked by an increase to 6.90 as the stream order 

changed from second to th i r d ,  and the formations are covered by a 

th ic k  layer o f cobble and alluvium. (Figures 1 & 2).

B. Temporal Analysis of Water Quality bv Site

A ll  o f the parameters at each s i te  appear to  have an annual 

cycle. This cycle may be an a ffe c t  o f the flow and seasonal 

climate changes, as well as length o f exposure to the various 

substrates.

A s i te -b y -s i te  descrip tion  o f the water q u a l i ty  parameters 

measured yie lded information necessary to suggest explanations fo r  

the diatom assemblages present. I t  also provided information 

about i f  and when microenvironments underwent seasonal change.

This in turn assisted in the development o f a seasonal model fo r  

diatom assemblages. The information also assisted in the explana­

t io n  o f why some taxa were present.
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RKm 2.6

Flow, T u rb id ity ,  Chemical, and Hardness Parameters

Conductiv ity , hardness, and a lk a l in i t y  (hardness parameters) 

were at the highest level in November o f 1989 (Figure 11). There 

was l i t t l e  or no flow and the tu r b id i t y  was 5 NTUs (Figures 12 & 

13, re sp e c t ive ly ) .  The chemical parameters were also low (Figure 

14). The December measurements were not co l lec tab le  because the 

stream was frozen s o l id .  The early  January measurements showed an 

increase in flow to , and the hardness parameters had dropped to 

4.00 mg/l hardness, 5.00 mg/l a lk a l in i t y ,  and 30.00 uS conduc­

t i v i t y .  In la te  January the parameters held r e la t iv e ly  steady 

w ith the exception o f tu r b id i t y  which had decreased from 6 NTUs to 

0 NTUs. The ra ins began in February. Conductiv ity dropped 

sharply to 1.00 uS, while tu r b id i t y  increased to l  NTU. The rest 

o f the parameters were constant. In March the flow increased to 

38.7 and the chemical parameters declined s ig n i f ic a n t ly  (0.04 mg/1 

n i t r a te  n itrogen, 0.00 mg/1 ammonia n itrogen, and 0.19 mg/1 

orthophosphate). The conduct iv ity  increased to normal leve ls  of 

15 uS qu ick ly . During A p r i l  through September there was a steady 

increase in the hardness parameters to 10.00 mg/1 a lk a l in i t y ,  8.00 

mg/1 hardness, and 20.00 uS, a gradual decline in f low to 7.0 

cm/sec, but the chemical parameters remained at constant leve ls
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Hardness Parameters
S eptem ber 1989 - O ctobe r 1990

Figure 
11
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Flow
Septem ber 1989 - O c tobe r 1990
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Figure 
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Turbidity
S eptem ber 1989 - O ctobe r 1990
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Figure 
13



Chemical Parameters
Septem ber 1989 - O c to b e r 1990

Figure 
14
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because o f the lack of human a c t iv i t ie s  above th is  po in t.  Between 

the sampling in September and October, 1990, the weather changed, 

l e a f - f a l l  occurred, and the f a l l  ra ins began. During th is  same 

period frame there was an increase in the hardness and chemical 

parameters while the flow and tu r b id i t y  remained constant at 7.00 

cm/sec, and 0 NTUs, respective ly .

Temperature and pH

The November sampling had the highest hardness parameters, 

but the lowest pH of 6.36 (Figure 11 & 15 re spec t ive ly ) .  In early  

January the pH had increased to 6.48 and the temperature had 

returned to 10 °C (Figure 16). The pH and temperature were the 

same in la te  January, but associated w ith mid-February ra ins the 

pH increased sharply to 6.50 and the temperature dropped to 7 °C. 

From March through September the temperature increased s te a d ily  to 

27 °C and the pH under went 0.02 s h i f ts  constantly . In October 

the temperature dropped sharply to 12 °C, but again the pH s h i f t  

was s l ig h t  at 0.01.

RKm 8.0

Flow. T u rb id ity .  Chemical. and Hardness Parameters 

A lk a l in i t y  o f 18.00 mg/l , and hardness o f 12 mg/l in la te  

October were the highest readings (Figure 17). A l l  o f the hard­

ness parameters began to decline w ith a lk a l in i t y  reaching i t s
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pH
S eptem ber 1989 -  O c to b e r 1990

Figure 
15
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Temperature
Septem ber 1989 - O c tobe r 1990

Figure 
16
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Hardness Parameters
Septem ber 1989 -  O c to b e r 199o

Figure 
17
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lowest po in t in la te  January at 3.00 mg/l , conductiv ity  reaching 

i t s  lowest po int o f 8.00 uS in February, and hardness at 3.50 mg/l 

in A p r i l .  A fte r  A p r i l  there was a general increase through the 

la s t  measurement in October, 1990 o f a lk a l in i t y  12.00 mg/l , 

hardness 8.00 mg/l , and conductiv ity  o f 40.00 uS.

Flow was a t r i c k le  t i l l  February when the spring rains 

produced rates as great as 61.1 cm/sec (Figure 18). I t  qu ick ly 

subsided to a more normal rate o f 7 cm/sec. I t  remained at tha t 

rate through October. 1991. T u rb id ity  was only increased to 28 

NTUs during November as a re su lt  o f the new bridge construction 

(Figure 19). The ammonia nitrogen, n i t ra te  n itrogen, and ortho­

phosphate remained low at less than 0.20 mg/l , 5.00 mg/l , and 0.30 

mg/l respective ly , from September, 1989, through October, 1990 

(Figure 20). There was l i t t l e  other anthropogenic a c t iv i t y  to 

have any impact on th is  area.

Temperature and pH

The highest pH o f 6.91 was in September, 1989 (Figure 21). 

The s i te  dried in early  October, but began to flow at a very low 

volume again by la te  October (Figure 18). The pH at tha t time was 

6.64 where i t  remained through November. In early  January the pH 

had increased to 6.30 and the temperature had returned to  12 °C 

(Figure 22). The pH increased to 6.43, but the temperature was 

the same at the end o f January. With the ra ins in February the pH
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Flow
S eptem ber 1989 - O c to be r 1990

Figure 18
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Turbidity
S eptem ber 1989 - O c tobe r 1990

Figure 
19
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Chemical Parameters
Septem ber 1989 - O c tobe r 1990

Figure 20
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pH
S eptem ber 1989 - O c to b e r 1990

Figure 21
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Temperature
S eptem ber 1989 -  O c to b e r 1990

Figure 22

41



increased sharply to 6.65 and the temperature dropped ju s t  as 

sharply to 8 °C. From March through September the temperature in ­

creased gradualy to 21 °C and the pH displayed only +0.02 va r ia ­

t ions . In October the temperature dropped sharply to 13°C, but 

the pH increased to 6.70.

RKm 11.2

Flow, Turb id ity , Chemical, and Hardness Parameters 

The a lk a l in i t y ,  hardness and conductiv ity  a l l  peaked at 

90.00 mg/l , 83.00 mg/l , and 215.0 uS respective ly, in November 

(Figure 23). Flow was unmeasurably low (Figure 24). The tu r b id i ­

ty  was 20 NTUs during period (Figure 25). In January the hardness 

parameters decreased to a lk a l in i ty  26.00 mg/l , hardness 26.00 mg/l 

and conductiv ity  35.00 uS, and flow increased to 28.4 cm/sec. The 

February rains increased the flow rate to a maximum of 53.9 cm/sec 

and the volume of the stream. A fte r the waters receded in March 

the hardness parameters increased s teadily  to a lk a l in i t y  26.00 

mg/l , hardness 26.00 mg/l , and conductiv ity  50.00 uS in October of 

1991. The n i t ra te  nitrogen was 4.41 mg/l in October with great 

f luc tu a t io n  through February, a fte r  which there was a sharp 

decline to 1.49 mg/l (Figure 26). The other chemical parameters 

remained constant at ammonia nitrogen less than 0.10 mg/l and 

orthophosphate at less than 0.31 mg/l .
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Hardness Parameters
S eptem ber 1989 - O c to be r 1990

Figure 23
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Flow
S eptem ber 1989 - O c tobe r 1990
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Figure 24



Turbidity
S eptem ber 1989 -  O c to be r 1990

Figure 25
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Chemical Parameters
S eptem ber 1989 - O ctobe r 1990

Figure 26
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Temperature and pH

The highest pH of 7.05 was in la te  October of 1989 (Figure 

27). The pH declined through the end of January reaching i ts  

lowest point o f 6.54. With the rains in February the pH increased 

to 6.77 and the temperature decreased to 8 °C (Figure 28). From 

March through September the temperature increased s teadily  to 24 

°C and the pH under went s l ig h t  0.04 s h i f ts .  In October the 

temperature decreased to 14 °C, but the pH s h i f t  caused a decrease 

to 6.7.

RKm 1 6 .6

Flow. T u rb id ity . Chemical, and Hardness Parameters 

This s i te  was dry mid-September, la te  October, and November 

(Figure 29). The a lk a l in i t y ,  hardness, and conductiv ity  were 

38.00 mg/l , 32.00 mg/l , and 72.00 uS respective ly in early Janu­

ary, but in la te  January decreased to an a lk a l in i ty  of 8.00 mg/l , 

hardness of 10.00 mg/1 and conductiv ity  o f 40.00 uS (Figure 30).

In February the flow was 25.68 and tu rb id i ty  was 6 NTUs (Figure 

31). The chemical parameters of ammonia nitrogen, n i t ra te  n i t r o ­

gen, and orthophosphate were 0.08 mg/l , 4.895 mg/l , and 40.00 uS 

(Figure 32). From March through October a l l  hardness parameters 

increased s tead ily , the tu rb id i ty  decreased to 5 NTUs and chemical 

parameters returned to th e i r  low, but steady levels o f less than 

5 mg/l .
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Figure 27
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Temperature
S eptem ber 1989 -  O c to be r 1990

Figure 28
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Figure 29
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Hardness Parameters
S eptem ber 1989 - O c to be r 1990

Figure 30
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Turbidity
S eptem ber 1989 - O c tobe r 1990

Figure 31
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Chemical Parameters
S eptem ber 1989 - O c tobe r 1990

Figure 32
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Temperature and pH

In early  October there was one small pool on a limestone 

she lf;  also there was a small seep along the stream margin. The 

pH was 7.30 (Figure 33), and the temperature was 22 °C (Figure 

34). The en t ire  area dried t i l l  early  January when the pH was 

6.80, and the temperature was 10 °C. The pH dropped to 6.68 but 

the temperature increased to 12 °C, in la te  January. The February 

pH was 6.75 and the temperature decreased to 7 °C. The pH dropped 

to 6.60 in March and remained there through A pril a f te r  which i t  

gradually increased to a plateau at 6.80 through September. 

Temperature began to increase in March and rose to 25 °C in 

September. In October the temperature and pH decreased to 17 °C 

and 6.70, respective ly .

RKm 2 0 .6

Flow, T u rb id ity ,  Chemical, and Hardness Parameters 

The hardness parameters were high in November, conduc t iv ity

105.00 uS, a lk a l in i t y  58.00 mg/l , and to ta l  hardness 42.00 mg/l 

(Figure 35). They reach th e i r  lowest in la te  January, con duc t iv i­

ty  40.00 uS, a lk a l in i t y  8.00 mg/l , and to ta l  hardness 10.00 mg/l . 

There was a gradual increase o f a lk a l in i t y  and conduc t iv ity  

through mid-October, but hardness reached a plateau in June at

42.00 mg/ l .
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Figure 33
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Temperature
S eptem ber 1989 - O c to be r 1990

Figure 34
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Hardness Parameters
S eptem ber 1989 -  O c to b e r 1990
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Figure 35



N itra te  nitrogen was measured to be 3.11 mg/l in November 

(Figure 36). I t  f e l l  s l ig h t ly  in early  January. There was a 

increase to 4.57 mg/l by la te  January. I t  remained high t i l l  May 

then i t  dropped to 1.66 mg/l . Measurements were low t i l l  Septem­

ber. The other chemical parameters remained constant.

Flow was not measurable t i l l  the end o f January when i t  was 

64.5 cm/sec (Figure 37). T u rb id ity  increased from 0 NTUs at the 

end of January to 12.5 NTUs in mid-May (Figure 38). Flow and 

tu r b id i t y  decreased to 10.0 cm/sec, and 5 NTUs respective ly  in 

June.

Temperature and pH

Late September, 1989, temperature and pH reached a peak of 

26 °C and 7.13 respective ly  (Figure 39 & 40 re sp e c t ive ly ) .  There 

was a general decline in both through January, when the pH was 

6.83, and the temperature was 10 °C. With the spring ra ins in 

February the temperature decreased to 8 °C and the pH decreased to 

6.68. The temperature from March through early  August gradually 

increased to peak at 24 °C. Late August the temperature began to 

decline. Mid-October i t  made a s ig n i f ic a n t  decline from 21 °C to 

14 °C. The pH began at 6.68 in March, and had increased to 7.0 by 

mid-October.
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Chemical Parameters
Septem ber 1989 - O c to be r 1990

Figure 36
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Flow
Septem ber 1989 - O c tobe r 1990

Figure 37
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Turbidity
S eptem ber 1989 - O c to be r 1990
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Temperature
S eptem ber 1989 - O c tobe r 1990

Figure 39
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pH
Septem ber 1989 -  O c to b e r 1990

Figure 40
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RKm 2 3 .4

Flow, T u rb id ity ,  Chemical, and Hardness Parameters

A lk a l in i t y  70.00 mg/l , hardness 48.00 mg/l , and conductiv ity  

were highest in November and lowest in February (30.00 mg/l , 23.00 

mg/l , and 45.0 uS, respective ly) (Figure 41). In March a gradual 

increase o f these parameters began and was maintained through mid- 

October when they were 80.00 mg/l , 54.00 mg/l , and 130.0 uS.

N itra te  nitrogen at 6.35 mg/l was high in la te  October, but 

decreased to 2.30 mg/l in mid-November (Figure 42). I t  peaked at 

6.68 mg/l in February, then decreased to 1.49 mg/l and lower 

through early  August when i t  began to increase. The other chemi­

cal parameter remained low throughout the study.

Flow ceased in la te  October, and d id n ' t  re turn u n t i l  la te  

January at which the maximum flow o f 46.0 cm/sec occurred (Figure 

43). I t  receded in March and maintained a constant 7.00 cm/sec 

flow through to mid-October. The tu r b id i t y  increased to 10 NTUs 

in February and did not decrease u n t i l  June when i t  was 5 NTUs 

(Figure 44).

Temperature and pH

The temperature in September, 1989 was 21 °C and maintained 

a general decline through early  January to 11 °C (Figure 45). In 

la te  January i t  increased to 15 °C, but i t  decreased in February. 

March through early  August the temperature increased gradually
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Figure 41
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Chemical Parameters
S eptem ber 1989 - O ctobe r 1990

Figure 42
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Figure 43
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Turbidity
S eptem ber 1989 -  O ctobe r 1990

Figure 44
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Temperature
S eptem ber 1989 - O c tobe r 1990

Figure 45
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from 11 °C to 24 °C. The temperature began to decline in la te  

August.

Late September, 1989, the pH reached a peak o f 7.10 (Figure 

46). From tha t po int there was a general decline to a pH o f 6.76 

at the end o f October. November the pH increased to 6.96, but 

returned to 6.75 in January. There was a s ig n i f ic a n t  increase in 

pH, to 7.00, at th is  s i te  during February, but i t  decreased to 

6.70 in la te  March.

RKm 2 6 .6

Flow. T u rb id ity .  Chemical, and Hardness Parameters 

Conductiv ity , a lk a l in i t y ,  and to ta l  hardness were 100.00 uS,

43.00 mg/l , and 36.00 mg/l respective ly  in November (Figure 47). 

These hardness parameters gradually decreased to 25.00 mg/l , 23.00 

mg/l , 58.00 uS, respective ly  in May. In July they began and 

continued upward to peak in October at 45.00 mg/l , 36.00 mg/l ,

100.00 uS, respective ly . Flow was not measurable u n t i l  la te  

January when i t  was 11.3 cm/sec (Figure 48). The flow increased 

s tead ily  to 25.9 in May, then i t  declined ju s t  as gradually  to

7.00 cm/sec in early  August. Measurable flow ceased in la te  

August. T u rb id ity  followed the same pattern as flow beginning at 

10 NTUs in January, increasing to 18 NTUs in A p r i l  and decreasing 

to 0 NTUs in October (Figure 49).
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Figure 46
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Hardness Parameters
S eptem ber 1989 - O c to be r 1989

Figure 47
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S eptem ber 1989 -  O c to be r 1990

Figure 48
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Turbidity
S eptem ber 1989 - O c tobe r 1990

Figure 49
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The n i t r a te  n itrogen, ammonia n itrogen, and orthophosphate 

were 6.35 mg/l , 0.127 mg/l , and 0.446 mg/l , respec tive ly , in la te  

October (Figure 50). They decrease in early  January, but n i t ra te  

n itrogen peaked at 6.54 mg/l in la te  January. In la te  February 

the chemical parameters began to decline, and maintained low 

leve ls  o f  n i t r a te  n itrogen 1.49 mg/l , 0.061 mg/l , and 0.524 

through mid-October 1990.

Temperature and pH

Late September, 1989, the pH was 7.10 (Figure 51). There 

was a general decline through la te  October to 6.87. In November 

i t  had increased to  7.01, but by la te  January i t  had declined to 

6.70. In la te  February i t  had increased to 6.97. In la te  March 

i t  dropped o f f  s l i g h t ly  to 6.80 and then i t  remained constant 

u n t i l  June. I t  reached a peak o f 7.00 in early  August. In la te  

August i t  had dropped to 6.80, but increased to 7.10 by mid- 

October.

The temperature f luc tua ted  a great deal (Figure 52). The 

trend from early  October, 1989, w ith a temperature o f  23 °C, was 

downward to  the lowest temperature o f 8 °C in February. March 

through early  August i t  increased to a peak temperature o f 25 °C. 

In la te  August the temperature began to dec line. I t  was 14 °C in 

mid-October, 1990.
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Figure 50
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Figure 51
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Figure 52
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RKm 3 0 .4

Flow, T u rb id ity .  Chemical. and Hardness Parameters

A lk a l in i t y ,  hardness, and conduct iv ity  were 52.00 mg/l ,

42.00 mg/l , 93.00 uS, respective ly  in mid-November, 1989 (Figure 

53). There was a general decline in February to 22.20 mg/l , 22.2 

mg/l , 45.0 uS, respective ly . These parameters remained re la t iv e ly  

constant u n t i l  Ju ly . Then each increased s tead ily  to 50.00 mg/l ,

40.00 mg/l , and 120.00 uS, respective ly  by mid-October.

The chemical parameters fluctuated a great deal but n i t ra te  

nitrogen remained less than 5.00 mg/l , ammonia nitrogen remained 

less than 0.20 mg/l , and orthophosphate remained less than 0.70 

mg/l (Figures 54). T u rb id ity  was 0 NTUs in January and had a peak 

o f 22 NTUs in A p r i l  (Figure 55). Flow was in te rm it te n t  t i l l  

January when i t  was 13.2 cm/sec (Figure 56). I t  peaked in Febru­

ary at 37.5 cm/sec and then declined to 7.0 cm/sec in September. 

There was an increase to 22.0 cm/sec in mid-October.

Temperature and pH

Late September, 1989, the pH was 7.40, but by early  October 

i t  had decreased to 6.81 (Figure 57). In la te  October i t  in ­

creased and continued to increase in November to 6.97. There was 

a general decline through January to 6.40. I t  returned to 6.90 in 

February, but decreased in March to 6.80. The pH remained re la ­

t i v e ly  constant t i l l  May. There was an increase in May, June, and
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Chemical Parameters
Septem ber 1989 - O c tobe r 1990

Figure 54
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Figure 55
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Figure 56
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Figure 57
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July  to 7.10. In August the pH was 7.00, but decreased to 6.80 in 

September. The f in a l  measurement in October was 7.10.

The temperature was 26 °C in  September, 1989 (Figure 58).

I t  had a gradual decline through January to 12 °C. The tempera­

ture  in February was 7 °C then i t  increased through ea rly  August 

to  a peak at 26 °C. By la te  August the decline pattern o f  the 

temperature had begun and the la s t  temperature measured was 14 °C.

RKm 3 5 .2

Flow, T u rb id ity .  Chemical. and Hardness Parameters 

A lk a l in i t y ,  hardness, and conduc t iv ity  were 54.00 mg/l ,

46.00 mg/l , 105.00 uS, respective ly , in November (Figure 59).

They began a general decline u n t i l  March. A gradual increase 

began in la te  A p r i l  and continued to mid-October when they were

52.00 mg/l , 44.00 mg/l , 120.00 uS, respec tive ly . N it ra te  nitrogen 

f luc tua ted  monthly, but remained less than 10.00 mg/l . The other 

chemical parameters remained constant and low w ith ammonia n i t r o ­

gen less than 0.20 mg/l , and orthophosphate less than 0.70 mg/l

(Figure 60). Flow wasn't measurable a f te r  ea rly  October when i t  

was 7.8 cm/sec (Figure 61). In early  January measurable flow 

returned to 7.0 cm/sec, and there were only minor f lu c tu a t io n s  

through October o f 1990. T u rb id ity  peaked at 44 NTUs in la te  

A p r i l ,  then gradually  declined to 1 NTU in la te  August. I t
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Figure 58
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Hardness Parameters
September 1989 - October 1990

Figure 59
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Chemical Parameters
September 1989 - 1990
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Flow Measurements
September 1989 - October 1990

Figure 61
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increased to  6 NTUs in October (Figure 62).

Temperature and pH

Late September, 1989, pH was 6.69, but in  ea rly  October i t  

dropped to  6.63 (Figure 63). There was an increase in  la te  October 

to  6.80 and i t  decreased through la te  January when i t  reached 

6.26. In February the pH was 6.92 and i t  remained between tha t 

reading and 6.80 through Ju ly . During August the pH increased to 

7.10, and dropped to  6.80 in September, and then increased to 7.40 

in October, 1990.

The temperature was 20 °C in September, 1989 (Figure 64).

I t  gradua lly  declined through January to  11 °C. The lowest 

temperature was in February when i t  was 8 °C, a fte r  which i t  

gradua lly  increased reaching a 25 °C plateau in Ju ly  which was 

maintained through September. The la s t temperature in  October was 

15 °C.
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Figure 62
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pH Measurements
September 1989 - 1990

Figure 63
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Temperatures
September 1989 - October 1990

Figure 64
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C. Longitudinal D is tr ib u tio n  o f Diatom Taxa

An examination o f the lon g itu d in a l d is tr ib u t io n  o f the 

diatom taxa w i l l  give a s ite  by s ite  overview o f assemblages 

located at each s ite .  I t  w i l l  also ind ica te  i f  there are any 

d iffe rences between those s ite s . (A complete taxa l i s t  is  in 

Meyer and Eichman, in  press).

RKm 2 . 6

At th is  s ite  there were f iv e  s ite  s p e c ific  genus species 

(Table 1). There were s ix  dominant taxa th a t occurred w ith  a 

frequency o f greater than 60%, and at some time during the annual 

cycle made up 10% o f the diatom assemblage at RKm 2.6 (Table 2). 

Four taxa occurred w ith  a frequency o f greater than 60%, but were 

present in less than 10% o f the assemblage during the study period 

(Meyer and Eichman, in press). No taxa had a frequency between 

18% and 60% and made up more than 10% o f the assemblage. There 

were f iv e  taxa w ith  a frequency o f between 18% and 60%, and tha t 

made up between 5% and 10% o f the assemblage at some time during 

the annual cycle . Nineteen taxa were present w ith  a frequency o f 

between 18% and 60%, and contribu ted greater than 1% but less than 

5% o f the assemblage. Nine taxa were present w ith  a frequency of 

between 6% and 18%, and contribu ted at lea s t 1% to  the diatom 

assemblage. There were seventy-eight taxa th a t occurred w ith  a
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T a x a  L i m i t e d  t o  a S p e c i f i c  S a m p l i n g  S i t e

Table 1

Taxa Location

Achnanthes coarctata RKm 2.6

Achnanthes marginulata RKm 11.2

Achnanthes saxonica RKm 35.2

Cymatopleura e l l ip t ic a RKm 35.2

Cymbella c is tu la  var gibbosa RKm 23.4

Cymbella lunata RKm 2.6

Cymbella n a v icu lifo rm is RKm 8.0

Eunotia maior var. ventricosa RKm 2.6

F ra g ila r ia  capucina var mesolepta RKm 35.2

Gomphonema acuminatum var elongatum RKm 30.4

Navicula longicephala RKm 11.2

Navicula luzonenis RKm 30.4

Navicula mutica RKm 11.2

Navicula pupula var rec tangu la ris RKm 11.2

N itzsch ia  t r y b l in e l la  var lev idensis RKm 35.2

P innu la ria  biceps RKm 2.6

P innu la ria  b reb isson ii var. dim inuta RKm 8.0

P innu la ria  maior var. transverrsa RKm 8.0

Rhizosolenia long ise ta RKm 35.2

Stauroneis anceps RKm 11.2

Stauroneis ignorata RKm 2.6
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N um ber o f  R e l a t i v e  D o m in a n t T a x a
River Kilometers

Frequency/ % o f Assemblage 2.6 8.0 11.2 16.6 20.6 23.4 26.6 30.4 35.2

>60% /  >10% 6 8 7 4 8 7 8 8 6

>60% /  <10% 4 9 7 3 9 11 14 15 21

>60% /  <1% 2 1 1

<60% >18% /  >10% 2 2 3 2 1 2 5

<60% >18% /  <10% >5% 5 4 4 8 4 3 8 2 3

<60% >18% /  <5% >1% 19 12 17 13 20 21 16 29 21
<18% >6% /  >1% 9 4 8 5 2 5 3 9

<60% /  <1% 78 68 67 54 63 55 50 75 72
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frequency o f less than 60%, and they were always less than 1% of 

the diatom assemblage fo r  th is  s ite .

RKm 8 . 0

At th is  s ite  there were two s ite  s p e c ific  taxa found (Table 

1). There were e igh t taxa th a t occurred w ith  a frequency o f 

g rea te r than 60%, and at some time during the annual cycle made up 

10% o f the diatom assemblage fo r  th is  s ite  (Table 2 ). Seven taxa 

occurred w ith  a frequency o f greater than 60%, but less than 10% 

o f the assemblage during the annual cycle (Meyer and Eichman, in 

press). Two taxa had a frequency between 18% and 60% and made up 

more than 10% o f the assemblage. There were fou r taxa w ith  a 

frequency o f between 18% and 60%, and th a t made up between 5% and 

10% o f the assemblage at some time during the p ro je c t. Twelve 

taxa were present w ith  a frequency o f between 18% and 60%, and a 

c o n tr ib u tio n  o f g rea te r than 1% but less than 5% o f the assem­

blage. Four taxa were present w ith  a frequency o f between 6% and 

18%, and con tribu ted  at lea s t 1% to  the diatom assemblage. There 

s ix ty -e ig h t taxa th a t occurred w ith  a frequency o f less than 60%, 

and were always less than 1% o f the diatom assemblage fo r  th is  

s ite .

RKm 1 1 . 2

At th is  s ite  there were f iv e  s ite  s p e c ific  taxa found 

(Table 1). There were seven taxa th a t occurred w ith  a frequency 

o f greater than 60%, and at some time during the annual cycle made
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up 10% o f the diatom assemblage fo r  th is  s ite  (Table 2). Seven 

taxa occurred w ith  a frequency o f greater than 60%, but less than 

10% o f the assemblage during the study period (Meyer and Eichman, 

in  press). Two taxa had a frequency between 18% and 60% and made 

up more than 10% o f the assemblage. There were fou r taxa w ith  a 

frequency o f between 18% and 60%, and tha t made up between 5% and 

10% o f the assemblage at some time during the p ro je c t. Seventeen 

taxa were present w ith  a frequency o f between 18% and 60%, and a 

co n trib u tio n  o f greater than 1% but less than 5% o f the assem­

blage. E ight taxa were present w ith  a frequency o f between 6% and 

18%, and contribu ted at lea s t 1% to  the diatom assemblage. There 

were sixty-seven taxa th a t occurred w ith  a frequency o f less than 

60%, and they were always less than 1% o f the diatom assemblage 

fo r  th is  s ite .

RKm 1 6 . 6

At th is  s ite  there were no s ite  s p e c ific  taxa found. There 

were fou r taxa th a t occurred w ith  a frequency o f g rea te r than 60%, 

and at some time during the annual cycle made up 10% o f the diatom 

assemblage fo r  th is  s ite  (Table 2). Three taxa occurred w ith  a 

frequency o f greater than 60%, but less than 10% o f the assemblage 

during the study period (Meyer and Eichman, in  press). Three taxa 

had a frequency between 18% and 60% and made up more than 10% o f 

the assemblage. There were e ight taxa w ith  a frequency o f between 

18% and 60%, and th a t made up between 5% and 10% o f the assemblage 

at some time during the p ro je c t. Thirteen taxa were present w ith
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a frequency o f between 18% and 60%, and a co n tr ib u tio n  o f greater 

than 1% but less than 5% o f the assemblage. Five taxa were 

present w ith  a frequency o f between 6% and 18%, and con tribu ted  at 

le a s t 1% to  the diatom assemblage. There were f i f t y - f o u r  taxa 

th a t occurred w ith  a frequency o f less than 60%, and they were 

always less than 1% o f the diatom assemblage fo r  th is  s ite .

RKm 2 0 . 6

At th is  s ite ,  there were no s ite  s p e c ific  taxa found. There 

were e igh t taxa th a t occurred w ith  a frequency o f g rea te r than 

60%, and at some time during the annual cycle made up 10% o f the 

diatom assemblage fo r  th is  s ite  (Table 2). Nine taxa occurred 

w ith  a frequency o f greater than 60%, but less than 10% o f the 

assemblage during the study period (Meyer and Eichman, in  press). 

Two taxa had a frequency between 18% and 60% and made up more than 

10% o f the assemblage. There were fou r taxa w ith  a frequency o f 

between 18% and 60%, and th a t made up between 5% and 10% o f the 

assemblage at some time during the p ro je c t. Twenty taxa were 

present w ith  a frequency o f between 18% and 60%, and a co n tr ib u ­

t io n  o f g rea te r than 1% but less than 5% o f the assemblage.

No taxa were present w ith  a frequency o f between 6% and 18%, and 

they con tribu ted  at lea s t 1% to  the diatom assemblage. There were 

s ix ty - th re e  taxa th a t occurred w ith  a frequency o f less than 60%, 

and they were always less than 1% o f the diatom assemblage fo r  

th is  s ite .

99



RKm 2 3 . 4

At th is  s ite ,  one s ite  s p e c ific  taxon, Cymbe ll a c is tu la  var. 

gibbosa was found (Table 1). Seven taxa occurred w ith  a frequency 

o f greater than 60%, and at some time during the annual cycle made 

up 10% o f the diatom assemblage fo r  th is  s ite  (Table 2 ). Eleven 

taxa occurred w ith  a frequency o f greater than 60%, but less than 

10% o f the assemblage during the study period (Meyer and Eichman, 

in  press). Only two taxa had a frequency greater than 60%, but 

they were less than 1% o f the assemblage fo r  the s ite .  One taxon 

had a frequency between 18% and 60% and made up more than 10% o f 

the assemblage. There were three taxa w ith  a frequency o f between 

18% and 60%, and th a t made up between 5% and 10% o f the assemblage 

at some time during the p ro je c t. Twenty-one taxa were present 

w ith  a frequency o f between 18% and 60%, and a co n tr ib u tio n  o f 

greater than 1% but less than 5% o f the assemblage. Two taxa were 

present w ith  a frequency o f between 6% and 18%, and con tribu ted  at 

le a s t 1% to  the diatom assemblage. There were f i f t y - f i v e  taxa 

th a t occurred w ith  a frequency o f less than 60%, and they were 

always less than 1% o f the diatom assemblage fo r  th is  s ite .

RKm 2 6 . 6

At th is  s ite  there were no s ite  s p e c ific  taxa found. There 

were ten taxa tha t occurred w ith  a frequency o f g rea te r than 60%, 

and at some time during the annual cycle made up 10% o f the diatom 

assemblage fo r  th is  s ite  (Table 2). Twelve taxa occurred w ith  a 

frequency o f greater than 60%, but never made up more than 10% o f
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the assemblage (Meyer and Eichman, in  press). At th is  s ite  there 

was one taxon w ith  a frequency greater than 60%, but i t  was less 

than 1% o f the assemblage. Two taxa had a frequency between 18% 

and 60% and made up more than 10% o f the assemblage. There were 

e igh t taxa w ith  a frequency o f between 18% and 60%, and they made 

up between 5% and 10% o f the assemblage at some time during the 

p ro je c t. Sixteen taxa were present w ith  a frequency o f between 

18% and 60%, and a co n tr ib u tio n  between 1% and 5% o f the assem­

blage. Five taxa were present w ith  a frequency o f between 6% and 

18%, and con tribu ted  at le a s t 1% to  the diatom assemblage. There 

were f i f t y  taxa th a t occurred w ith  a frequency o f less than 60%, 

and they were always less than 1% o f the diatom assemblage fo r  

th is  s ite .

RKm 3 0 . 4

There was one s ite  s p e c ific  taxon, Navicula luzonenis found 

(Table 1). E ight taxa th a t occurred w ith  a frequency o f greater 

than 60%, and at some time during the annual cycle made up 10% o f 

the diatom assemblage fo r  th is  s ite  (Table 2 ). F ifteen  taxa 

occurred w ith  a frequency o f greater than 60%, but less than 10% 

o f the assemblage during the study period (Meyer and Eichman, in 

press). At th is  s ite  there were no taxa w ith  a frequency greater 

than 60% and w ith  concentrations greater than 1% o f the assemblage 

fo r  the s ite .  No taxa had a frequency between 18% and 60% and 

made up more than 10% o f the assemblage. There were two taxa w ith 

a frequency o f between 18% and 60%, and th a t made up between 5%
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and 10% o f the assemblage at some time during the p ro je c t. 

Twenty-nine taxa were present w ith  a frequency o f between 18% and 

60%, and a co n trib u tio n  o f greater than 1% but less than 5% o f the 

assemblage. Three taxa were present w ith  a frequency o f between 

6% and 18%, and contribu ted at lea s t 1% to the diatom assemblage. 

Seventy-five taxa occurred w ith a frequency o f less than 60%, and 

they were always less than 1% o f the diatom assemblage fo r  th is  

s ite .

RKm 3 5 . 2

Rkm 35.2 had f iv e  s ite  s p e c ific  taxa found representing f iv e  

d if fe re n t genera (Table 1). There were s ix  taxa th a t occurred 

w ith  a frequency o f greater than 60%, and at some time during the 

annual cycle made up 10% o f the diatom assemblage fo r  th is  s ite  

(Table 2). Twenty-one taxa occurred w ith  a frequency o f greater 

than 60%, but less than 10% o f the assemblage during the study 

period (Meyer and Eichman, in  press). At th is  s ite  there was one 

taxon w ith  a frequency greater than 60%, but i t  was less 1% o f the 

assemblage fo r  the s ite .  Five taxa had a frequency between 18% 

and 60% and made up more than 10% o f the assemblage. There were 

three taxa w ith  a frequency o f between 18% and 60%, and th a t made 

up between 5% and 10% o f the assemblage at some time during the 

p ro je c t. Twenty-one taxa were present w ith  a frequency o f between 

18% and 60%, and a con tribu tion  o f greater than 1% but less than 

5% o f the assemblage. Nine taxa were present w ith  a frequency o f 

between 6% and 18%, and contribu ted at lea s t 1% to  the diatom
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assemblage. There were seventy-two taxa th a t occurred w ith  a 

frequency o f less than 60%, and they were always less than 1% o f 

the diatom assemblage fo r  th is  s ite .

D. Seasonal S truc tu re  o f Diatom Assemblages and D iv e rs it ie s

The seasonal data o f diatom assemblages must be taken in to  

considera tion  when developing an e n tire  diatom stream assemblage 

model. Past in fo rm ation  has shown some taxa o f to  be seasonal 

(Edward and Christensen 1972; Fisher e t. al 1982; Holland 1969; 

Main 1988; W hitford and Schumacher 1963) and in fluencd by c l im a t i­

c a lly  va ria b le  physical parameters (Hohn 1961; Cox 1988). The 

dominant taxa th a t occur in  grea te r than 60% o f the samples and 

whose population makes up grea te r than or equal to  10% o f the 

assemblage are used to  describe the seasonal d is t r ib u t io n  o f the 

assemblages at the research s ite s  and provide a generalized model.

RKm 2 . 6  a n d  RKm 8 . 0

RKm 2.6 and RKm 8.0 followed a p a ra lle l course o f seasonal 

development o f assemblages (Figure 65 & 66). In the f a l l  there was 

an increase in  Achnanthes deflexa u n t i l  la te  January when there 

was an increase in  flow  (Figures 11 & 18). During th is  same 

period o f time the Achnanthes minutissima increased as d id  the 

Eunotia. Gomphonema. and Meridion species (Meyer and Eichman, in 

p ress). By mid-May and June A. deflexa population returned to 

large numbers and the other taxa populations decreased. The 

temperature increased and the other parameters remained
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Figure 65



Dominant Taxa
>10% of Assemblage, >60% of Samples

Figure 66

105



constant (Figures 11 - 22). A. deflexa declined in  Ju ly and A. 

m inutissim a, Svnedra rumpens var. fra a ila r io d e s . and the Eunotia 

species increased. The temperature continued to  increase. In 

ea rly  August A. deflexa increased, but dropped o f f  when the 

temperature peaked in September. The A. minutissima population 

increased as did the Eunotia and Meridion species. When the 

temperature dropped in October, the hardness parameters increased 

as did the n itra te  n itrogen, and other chemical parameters. A. 

de flexa . Svnedra rumpens var. f ra o ila r io d e s . Eunotia, and Meridion 

taxa a l l  decreased during th is  time, but the A. minutissima 

reached a peak.

The d iv e rs ity  was low during the w in te r months (Figures 67 & 

68). Temperature and flow  increased in la te  January, and so did 

the d iv e rs ity .  The d iv e rs ity  dropped in  March, and the flow  

decreased. The d iv e rs ity  increased t i l l  Ju ly . The temperature 

increased and flow  was constant. D ive rs ity  increased in  la te  

August, and the temperature was decreased.

RKm 1 1 . 2  a n d  RKm 1 6 . 6

Rkm 11.2 and Rkm 16.6 fo llo w  a p a ra lle l course o f seasonal 

development. In the f a l l  there was an increase in  Achnanthes 

deflexa u n t i l  la te  January when there was an increase in  flow  

(Figures 69, 70, 24, & 29). During th is  same period o f time the 

Achnanthes minutissima increased as did the Gomphonema. N itzsch ia  

and Meridion taxa (Figures 69 & 70). By mid-May and June A. 

deflexa population returned to  large numbers and the other taxa
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Figure 67
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Figure 68
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Figure 69



Dominant Taxa
>10% of Assemblage, >60% of Samples

Figure 70
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populations decreased. The temperature increased and the other 

parameters remained constant (Figures 23-34). A. deflexa declined 

in Ju ly  and A. m inutissima. A. l anceolata. A. l anceolata var. 

dubia, S u r i re l la  l in e a r is  and the Cymbel1 a taxa a l l  increased.

The temperature continued to increase. In early  August A. deflexa 

and N itzschia denticu la  increased, but dropped o f f  in September 

and the temperature was at i t s  peak. The A. minutissima popula­

t io n  was increasing as were the Cvmbell a and A. l anceolata taxa. 

When the temperature dropped in October, the hardness parameters 

increased as did the n i t r a te  n itrogen, and other chemical parame­

te rs .  A. deflexa and A. minutissima reached a peak in October.

The d iv e rs i ty  was low during the w in te r months (Figure 71 & 

72). Temperature and flow increased in la te  January, as did the 

d iv e rs i ty .  The d iv e rs i ty  decreased in February and began increas­

ing in March while flow  decreased. The d iv e rs i ty  increased t i l l  

Ju ly . The temperature increased during th is  time while f low was 

constant. D iv e rs ity  increased in la te  August, and the temperature 

decreased.

RKm 20.6

In the f a l l  there was an increase in  Achnanthes deflexa 

u n t i l  la te  January and there was an increase in f low (Figures 73 & 

36). During th is  same period o f  time the Achnanthes minutissima 

increased as did the Amphora. Cocconeis. Navicula, Gomphonema, 

N itzsch ia  and Meridion taxa. By mid-May and June A. deflexa 

population returned to large numbers and the other taxa popula-
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Figure 71
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Figure 72
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t ions decreased. The temperature was increased and the other 

parameters remained constant in June (Figures 35 - 40). A. 

deflexa declined in July and A. minutissima. A. l anceolata. A.

l anceolata var. dubia. S u r i re l l a l i n e a r is . Gomphonema. Svnedra and 

Cvmbell a taxa a l l  increased. The temperature continued to in ­

crease. In early  August A. deflexa increased, but dropped o f f  in 

September as the temperature was at i t s  peak. The A. minutissima 

population increased as did the Cvmbell a and A. l anceolata taxa. 

When the temperature dropped in October, the hardness parameters 

increased as did the n i t ra te  n itrogen, and other chemical parame­

te rs .  A. de fl exa. A. minutissima and Svnedra rumpens var. 

f ra q i la r io d e s  reached a peak.

The d iv e rs i ty  was high during the w in te r months. Temperature 

and flow  increased in la te  January, but the d iv e rs i ty  declined 

(Figure 74). The d iv e rs i ty  increased in March as the flow was 

decreasing. The d iv e rs i ty  dropped t i l l  August. The temperature 

increased during th is  time while flow was constant. D ive rs ity  

increased in la te  August, and the temperature decreased.

RKm 23.6

In the f a l l  there was an increase in Achnanthes deflexa 

u n t i l  la te  January when there was an increase in flow (Figures 75 

& 42). During th is  same period o f time the Achnanthes minutissima 

increased as did the Cocconeis. Navicula. Gomphonema and N itzschia 

taxa (Meyer and Eichman, in press). By mid-May and June A. 

deflexa population returned to  large numbers and the other taxa

115



Number of Taxa
Septem ber 1989 - O c to be r 1990

Figure 74

116



Dominant Taxa
>10% of Assemblage, >60% of Samples

Figure 75

117



populations decreased. The temperature increased and the other 

parameters were remaining constant (Figures 41 - 46). A. deflexa 

declined in July and A. minutissima, A. lanceola ta. A. l anceolata 

var. dubia, S u r ire l la  l in e a r is . Gomphonema. Svnedra and Cymbell a 

taxa a l l  increased. The temperature continued to increase. In 

early  August A. deflexa increased, but dropped o f f  in September as 

the temperature was at i t s  peak. The A. minutissima population 

was increasing as were the Cvmbell a and A. l anceolata taxa. When 

the temperature dropped in October, the hardness parameters 

increased as did the n i t ra te  n itrogen, and other chemical parame­

te rs . A. de flexa. A. minutissima and Svnedra rumpens var. 

f r a gila r io des  reached a peak in October.

The d iv e rs i ty  was high during the w inter months. Temperature 

and flow increased in February, but the d iv e rs i ty  decreased 

(Figure 76). The d iv e rs i ty  increased t i l l  May, and the flow 

decreased. The d iv e rs i ty  dropped t i l l  August. The temperature 

increased during th is  time and flow was constant. D ive rs ity  

increased in la te  August, and the temperature decreased.

RKm 26.6 and RKm 30.4

RKm 26.6 and RKm 30.4 followed a pa ra l le l course o f seasonal 

development. In the f a l l  there was an increase in Achnanthes 

deflexa u n t i l  la te  January when there was an increase in flow 

(Figures 77, 78, 48, & 56). During th is  same period o f time the 

Achnanthes minutissima increased as did the Cocconeis. Navicula, 

Gomphonema. Meridion and N itzschia taxa (Meyer and Eichman, in
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press). By mid-May and June A. deflexa population returned to 

large numbers and the other taxa populations decreased with the 

exception fo Rhoicosphenia curvata and S u r i re l la  ovata. The 

temperature increased and the other parameters were remaining 

constant (Figures 47 - 58). A. deflexa declined in Ju ly  and A. 

minutissima. A. lanceo la ta . A. l anceolata var. dubia. S u r i re l l a 

l in e a r is . Gomphonema. Svnedra and Cvmbell a taxa a l l  increased.

The temperature continued to increase. In early  August A. deflexa 

increased, but dropped o f f  in September as the temperature was at 

i t s  peak. The A. minutissima population was increasing as were 

the Svnedra. Cvmbell a and A. l anceolata taxa. When the tempera­

ture dropped in October, the hardness parameters increased as did 

the n i t r a te  n itrogen, and other chemical parameters. Cvmbell a 

tu rq id u la  and A. minutissima reached a peak in October.

The d iv e rs i ty  was re la t iv e ly  constant during the w in te r 

months. Temperature and flow increased in February (Figures 79 & 

80). D ive rs ity  dropped sharply in June. The temperature in ­

creased during th is  time and flow was constant. D iv e rs ity  i n ­

creased in July and remained re la t iv e ly  constant.

RKm 35.2

In the f a l l  there was an increase in Achnanthes deflexa 

u n t i l  la te  January when there was an increase in flow (Figures 81 

& 61). During th is  same period o f time the Achnanthes minutissima 

increased as did the Melosira. Cocconeis. Navicula. Gomphonema. 

Meridion and Nitzschia taxa (Meyer and Eichman, in press). By
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mid-May and June A. deflexa population returned to large numbers 

and the other taxa populations decreased. The temperature in ­

creased and the other parameters remained constant (Figures 59 - 

64). A . deflexa declined in July and A. minutissima, A. l anceola-

ta , A. l anceolata var. dubia. S u r i re l l a l in e a r is . Gomphonema, 

Svnedra and Cvmbella taxa a l l  increased. The temperature was 

s t i l l  increasing. In early  August A. deflexa increased, but 

dropped o f f  in September as the temperature was at i t s  maximum.

The A. minutissima population was increasing as were the Svnedra, 

Cvmbell a and A. l anceolata taxa. When the temperature dropped in 

October, the hardness parameters increased as did the n i t ra te  

n itrogen, and other chemical parameters. Melosira taxa and A. 

minutissima reached a peak in October.

The d iv e rs i ty  was very high and re la t iv e ly  constant during 

the w in te r months (Figure 82). Temperature and flow increased in 

February. D ive rs ity  dropped sharply in February. The temperature 

increased during th is  time and flow was constant. D ive rs ity  

remained constant through the res t o f the study.
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E. Comparison o f Streams in the Ozark Highland/Boston 

Mountain Region

The taxa reported fo r  the Buffa lo River (Rippey 1977), 

I l l i n o i s  River (Woomer 1986), and Spring Creek (Woomer 1986) were 

compared fo r  d iv e rs i ty  and s im i la r i t y .  The Middle Fork o f the 

White River reported the greatest d iv e rs i ty  (195 taxa) (Figure 

83). In descending order the Buffa lo River, I l l i n o i s  River, and 

Spring Creek contained 104, 64, and 48 taxa respec tive ly .

A comparison o f the to ta l  diatom f lo ra s  was made to ascer­

ta in  s im i la r i t ie s  between these streams by ca lcu la t in g  a Jaccard 

s im i la r i t y  index (1912). Table 3 l i s t  the combined f lo ra s  and the 

streams in which each taxon occurs. The highest s im i la r i t y  index 

is  between the I l l i n o i s  River and i t s  t r ib u ta r y  Spring Creek (34%) 

(Figure 84). A comparison between a l l  other streams is  less than 

15%. The Middle Fork is  nearly equal in s im i la r i t y  to  the Buffa lo 

and I l l i n o i s  Rivers (11.5 and 13.0%, re sp e c t ive ly ) .  Also, the 

Buffa lo River versus the I l l i n o i s  River has an index (12.4%) 

w ith in  the range o f Middle Fork comparisons.
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Reported Stream Taxa fo r  the Ozark Highland/Boston Mountains Area 

Table 3

B-Buffalo, I - I l l i n o i s ,  S-Spring, W-Middle Fork White

Taxa

Achnanthes

a f f in is  Grun. var. a f f in is W

clevei Grun. var. c levei W

coarctata (Breb. in W. Sm.)Grun. var. coarctata W

deflexa Reim. var. deflexa W

exigua var. heterovalva Krasske W

hauckiana Grun. var. hauckiana B,W

hauckiana var. ro s tra ta  Schulz W

in fla ta (K u tz .)G run . B

lanceolata (Breb.) Grun. var. lanceolata B, I ,S,W

lanceolata var. dubia Grun. W

laceolata var. omissa Reim. I

l in e a r is  W. Sm. I

l in e a r is  var. pusil l a Grun. w
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marginulata Grun. var marginulata W

minutissima Kutz. var. minutissima b ,W

pinnata Hust. i , s

saxonica Krasske var. saxonica w

sp. 1 jke w

Amphipleura

pe lluc ida  Kutz. var. pe lluc ida B, W

Amphora

oval is  (Kutz.) Kutz. var. ova lis W

ova lis  var. pediculus Kutz. I

p e rp u s i l la  (Grun.) Grun. var. p e rpu s il la i , w

submontana Hust. var. submontana w

Anomoeoneis

serians var. brachysira (Breb. ex. Kutz.) Hust. w

v i t re a  (Grun.) Ross comb. nov. var v i t re a w
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Caloneis

bacillum (Grun.) Cl. var. bacillum I , W

ventricosa (Ehr.)Meist. var ventricosa B,W

ventricosa var. truncatu la  (Grun.) Meist. W

Camylodiscus

echeneis Ehr. W

Cocconeis

disculus (Schum.) Cl. B

pediculus Ehr. I

placentula Ehr. var. placentula B,W

placentula var. euglypta (Ehr.) Cleve i , s  i

p lacentula var. l in e a ta  (Ehr.) V. N. i,w

rugosa Sov. B

scutellum Ehr. B

C yc lo te lla

atomus Hust. B !
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glomerata Bachman B

meneghiniana Kutz. I,S,W I

michiganiana Skvortzow I

Cymatopleura

camplodiscus Bail B

e l l i p t i c a  (Breb.) W.Sm. B, W

solea (Breb.)W.Sm. B,I,W

Cymbell a

a f f in i s  Kutz. B,I

angustata (W. Sm.) Cl. var. angustata W

aspera (Ehr.) H. perag. var. aspera W

brehmii Hust. var. brehmii w

c is tu la  (Ehr.) Kirchn. var. c is tu la w

c is tu la  var. gibbosa Brun. w

cymbiformis Ag. var. cymbiformis w

cymbiformis var. nonpunctata Font. w

laev is  Nag. B
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lunata W. Sm. var. lunata W

mexicana (Ehr.) Cl. var. mexicana W

microcephala Grun. var. microcephala W

minuta Hilse ex. Rabh. var. minuta I,w

minuta f .  latens (Krasske) Reim comb. nov. w

minuta var. pseudogracilis (Choln.) Reim. w

minuta var. s i les iaca  (Bleisch ex Rabh.)Reim. s

m uelleri Hust. var. muelleri w

naviculaformis Auersw. ex. Heib. var. nav icu lifo rm is w

prostata (Gerk.)Cleve B,I ,S

sinuata Greg. var. sinuata B,I ,W

subaequalis f .  Krasskei (Foged) Reim. comb. nov. w

triangulum (Ehr.) Cl. var. triangulum w

tumida (Breb. ex. Kutz.) V. H. var. tumida B, I , W

tumidula Grun. ex. A. S. var. tumidula W

turg ida  (Greg.) Cleve B

tu rg id u la  Grun. var. tu rg idu la i , w

ventricosa Kutz. B
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Denticula

tenuis var. crassula (Naeg. ex. Kutz.) W. & G. S. West W

tenuis var. f r ig id a  (Kutz.) Grun. W

Diatoma

vulgare var. breve Grun. W

vulgare var. l in e a r is  V.H. W

vulgare Bory B.I.S

Diploneis

m arg inestria ta  Hust. var. m arginestriata W

ostracodarum (Pant.) Jur. B

puella  (Schus.) Cl. var. puella i,w

Epithemia

argus Kutz. B

sm ith i i  Carruthers var. sm ith ii W

sorex Kutz. B

turg ida(Ehr) Kutz. B
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Eunotia

acus Ehr. B

curvata (Kutz.) Lagerst. var. curvata W

curvata var. cap ita ta  (Grun.) Patr. comb. nov. W

fa l l ax A. C l . var. f a l l ax W

flexuosa Breb. ex. Kutz. var. flexuosa W

inc isa  Wm. Sm. ex. Greg. var. inc isa W

kocheliensis 0. Mull W

maj or var. ventricosa A.Cl. W

monodon Ehr. var. monodon w

naege lii Migula var. naege lii w

p a ra l le la  Ehr. var. p a ra l le la w

p e c t in a l is  var. minor (Kutz) Rabh. w

p e c t in a l is  (O.F. Mull?) Rhbh. var. p e c t in a l is B, W

s o le i r o l i i  (Kutz.) Rabh. var. s o le i r o l i i W

sudetica 0. M ull. var. sudetica W

te n e l la  (Grun) Cl. var te n e l la W

tr iodon  Ehr. var tr iodon W ;

vanheurckii var. intermedia (Krasske ex. Hust.) Patr. W
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F ra g i la r ia

b re v is t r ia ta  Grun. 

capucina Desmaz. 

capucina var. mesolepta Rabh. 

crontonensis K it ton  var. crontonensis 

intermedia Grunow

vaucheriae (Kutz.)Peters var. vaucheriae 

virescens Ralfs. var. virescens

Frus tu l ia

rhomboides var. amphipleuroides (Grun.) Cl. 

rhomboides var. cap ita ta  (A. Mayer) Patr. 

rhomboides (Ehr.) DeT. var. rhomboides 

rhomboides var. saxonica (Rabh.) DeT. 

vu lga r is  (Thwaites) Del. var. vu lgaris  

w e inho ld ii Hust. var. weinhold ii

Gomphonema

abbreviatum Ag.

B

B, I , S

s , w

B, I , W

B

W

W 

w

W 

B,W

W

B,S,W

W 

s
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acuminatum Ehr. var. acuminatum

acuminatum var. elongatum (W. Sm.) Carr.

a f f in e  Kutz. var a ff in e

angustatum (Kutz.) Rabh. var. angustatum

angustatum var. productum Grun.

augur Ehr. var. augur

clevei Fricke var. clevei

constrictum Ehr.

gibba J. Wallace var. gibba

g ra c i le  Ehr. emend. V. H. var. g ra c i le

in s ta b l is  Hohn & Hellerm. var. in s ta b l is

olivaceum var. calcarea (C l.)  Cl.

olivaceum var. minutissima Hust.

olivaceum (Lyng.) Kutz

parvulum (Kutz.) var. parvulum

parvulum var. micropus Kutz.

sphaerophorum Ehr. var. sphaerophorum

subclavatum (Grun.) Grun.

subclavatum var. commutatum (Grun.) A. Mayer

B,W

W

W

B, I ,S,W 

W

B,W

W

B

W

S,W

W

I

s

B , I , S 

I , s , w  

w

I , w

I

w
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tenellum Kutz. var. tenellum 

tergestinum (Grun.) Fricke var. tergestinum 

truncatum Ehr. var. truncatum 

ventricosum Greg.

Gyrosigma

k u tz in g i i  (Grun.) Cl.

scalproides (Rabh.) Cl. var. scalproides

spencerii (Quek.) G r i f f .  & Henfr. var. spencerii

Hantzschia

amphoixys (Ehr.) Grun. 

amphioxys fo . cap ita ta  M ue ll.

M astig lo ia

braun ii Grun.

Melosira

ambigua (Grun.) 0. Mull.

I, W

I,W

I, W

I,S

B 

B,W

B, W

B

W

B

I
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crenulata Kutz. 

distans

granulata Ehr. (Ral fs . )  

varians C. A. Ag.

Meridion

c i rcu la re  (Grev.) Ag. var. c i rcu la re  

c i rcu la re  var. constrictum (Ralfs) V. H.

Navicula

accomoda Hust.

arvensis Hust. var. arvensis 

baci l lum Ehr. 

bicephala Hust. 

caduca Hust. 

cap i ta ta  Ehr.

B

W

I

B , I , S,W

B,S,W

W

S

W

B

B

I, S

I

c incta  (Ehr.) Ralfs var. c incta W

cocconeiformis Greg. B

commutata (Grun.) A. Schmidt. B |
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contenta var. biceps (Arn.) V. H. 

contenta Grun.

cryptocephala Dutz. var. cryptocephala 

cryptocephala var. venta (Kutz.) Rabh. 

exigua Greg.

exigua var. cap ita ta  Patr. 

fe s t iv a  Krasske 

gastrum Ehr.

gregaria Donk. var. gregaria 

guatamalensis Cl. & Grun. 

gysingensis Foged var. gysingensis 

ha loph ila  (Grun.) C l . 

hambergii Hust. var. hambergii 

hungarica Grun. 

h u s te d t i i  Krasske 

la c u s tr is  Greg, var la c u s tr is  

lanceolata (Ag.) Kutz. var. lanceolata 

laevissima Kutz. var. laevissima 

longicephala Hust.

W

B

B,I,S,W

I , S , W

B

I ,  W

S

B

W

B

W

B

W

B

I  

W 

w

w
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luzonenis Hust. var. luzonensis 

menisculus var. upsaliensis (Grun.) Grun. 

minima Grun. var. minima 

mutica var. cohnii (H ilse) Grun. 

mutica Kutz. var. mutica 

mutica var. stigma Patr. 

mutica var. undulata (H i lse .)  Grun. 

pennata A. Schmidt

peregrina (Ehr.) Kutz. var. peregrina 

placentula Ehr. 

p ro trac ta  Grun.

pseudoreinhardtii Patr. var. pseudoreinhardtii 

pupula var. cap ita ta  Skv. & Meyer 

pupula var. e l l i p t i c a  Hust. 

pupula var. mutata (Krasske) Hust. 

pupula Kutz.

pupula var. rectangular is  (Greg.) Grun. 

pygmea Kutz. 

radiosa Kutz.

I , S , W

S

W

W

S,W

I , S

W

B

B,W

B

S

I , S , W

W

w

w

B, I , S

W

B

B
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radiosa var. te n e l la  (Breb. ex Kutz.) Grun.

re in h a rd t i i  (Grun.) V.H.

rhynchocephala Kutz. var. rhynchocephala

rhynchocephala var. germainii (Wallace) Patr.

salinarum Grun. var. sal inarum

secreta var. ap icu la ta  Patr.

seminulum var. intermedia Hust.

su b t i l is s im a  C l.

symmetrica Patr. var. symmetrica

tr ip u n c ta ta  (0. M u ll . )  Bory.

v ird u la  var. avenacea (Breb. ex Grun. V.H.

v i r id u la  var. l in e a r is  Hust.

v i r id u la  var. ro s te l la ta  (Kutz?) Cl.

v i r id u la  Kutz.

Neidium

a f f in e  (Ehr.) P f i t z .

a f f in e  var. amphirhynchus (Ehr.) Cl.

apiculatum Reim.

S

B

W

W

W

s

I , S

B

W

I

S

W

B,W 

B, I

B

W
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dubium (E h r.) C l .

N itzschia

a c ic u la r is  W. Sm. 

acuta Hust. 

amphibia Grun. 

ap icu la ta  (Greg.) Grun. 

c la u s i i  Hantzsch 

denticu la  Grun. 

disspata (Kutz.) Grun. 

fa sc icu la ta  Grun. 

f i l i f o r m is  (W. Sm.) Schutt 

fo n t ic o la  Grun. 

frustulum (Kutz.) Grun. 

frustulum var. minutula 

g r a c i l i s  Hantzsch 

ho lsa tica  Hust. 

ignorata Krasske

intermedia Hantsch ex Cleve et Grunow

B

B,I,S,W 

W

I ,w

W

I 

B,W

B,I,S,W 

E 

B 

B

I ,s

W

W

B

W

S,W
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lacunarum Hust. 

la n ce ttu la  0. M u ll . 

l in e a r is  W. Sm. 

palea (Kutz.) W. Sm. 

paleacea Grun. 

paradoxa (J.F . Gmel.) Grun. 

parvula W. Sm. 

sigmoidea (N i tz . )  W.Sm. 

sinuata var. ta b e l la r ia  Grun. 

s t r io la ta  Hust. 

su b in f la ta  Hust. 

sub linea r is  Hust. 

te r r ic o la  Lund

t r y b l in e l la  var. lev idens is  (W. Sm.) Grun.

P innularia

biceps Greg. var. biceps 

biceps f .  pe tersen ii Ross, 

bo rea lis  var. rec tangu la r is  Carlson

B

W

S,W

B,W

I, S

B

B,W

B

B,W

W

W

W

I

i,w

W

W

W

145



b ra s i l ie n s is  Hust.

brebissoni i  var. diminuta (Grun.) Cl.

brevicostata Cl. var. brevicostata

capi ta ta  var. pauc is t r ia ta  (Grun.) Cl.

divergens W. Sm. var. divergens

divergens var. b a c i l l a r i s  (M. Perag.) M i l l s

gibba (Kutz.) V.H.

maior var. transverrsa (A.S.) Cl.

microstauron (Ehr.) Cl.

nodosa (Ehr.) Wm. Sm. nodosa

subl inearis  (Grun) Cl. var subl inearis

sudetica Hilse

te rm i t ina  (Ehr.) Patr. comb. nov. var. te rm i t ina

Pleurosigma

delicatulum W .  Sm.

Rhoicosphenia

curvata (Kutz.) Grun. ex pabh. var. curvata

B

W

W

W

W

W

B,S

S

B

W

w

B

W

B

I ,  S , w
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Rhopalodia

gibba (Ehr.) 0. Mull var. gibba 

gibba var. ventricosa (Kutz.) H&M Perag.

Rhizosolenia

longiseta

Stauroneis

anceps Ehr. var. anceps 

anceps f .  g r a c i l i s  Rabh. 

c ruc icu la  (W. Sm.) Donk. 

ignorata Hust. var. ignorata 

l i v in g s to n i i  Reim. var. l iv in g s to n i i  

obtusa Lagerst. var. otusa 

phoenicenteron (N i tz . )  Ehr. 

sm ith i i  Grun.

Stenopterobia 

intermedia (Lewis) V.H.

B, W

W 

w

w 

w

B

W

W

B,W

B

B

W
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intermedia var. cap ita ta  Fontell

Stephanodiscus

astrea (Ehr.) Grun, 

niagarae Ehr. 

tenuis Hust.

S u r ire l la

angustata Kutz. 

b ise r ia ta  Breb. 

b r ig h tw i l l i  W. Sm. 

de lica tiss im a Lewis 

l in e a r is  W.Sm. 

l in e a r is  var. cons tr ic ta  

ova lis  Breb. 

ovata Kutz.

ovata var. pinnata (W.Sm.) Grun. 

robusta Ehr. 

splendida (Ehr.) Kutz.

W

B

W

I

B, I , S

B

B

W

W

W

B I 

B ,I,S , W 

E

B,W

B
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seucica Grun.

tenera var. nervosa Schmidt, 

tenera Greg, 

sp. 1 jke

Synedra

ac tinas tro ides  Lemm. 

acus Kutz.

amphicephala Kutz. var. amphicephala

inc isa  Boyer var. inc isa

rumpens var. f ra g i la r io d e s  Grun.

rumpens var. meneghiniana Grun.

socia Wallace

tabu la ta  (Ag.) Kutz.

ulna (N i tz . )  Ehr. var. ulna

ulna var. amphirhynchus (Ehr.) Grun.

ulna var. ramesi (Heribaud & Perogallo) Hust.

S

W

B

W

B

B

W

W

W

W

I

B

B,I,S,W

W

I
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DISCUSSION

The area o f the study has the geology o f two ages (Pennsyl­

vanian, and M ississ ipp ian) .  A review o f the water analysis, and 

diatom assemblages at the study s ites  ind ica te  the Middle Fork o f 

the White River basin area may be divided in to  two ecologic 

systems. The steeply sloped upper portion o f the r iv e r  including 

s ta t ions RKm 2.6, RKm 8.0, and RKm 11.2 are exposed to geologic 

formations o f the Pennsylvanian age. The lower portion o f the 

r iv e r  inc lud ing s ta t ions RKm 16.6, RKm 20.6, RKm 23.4, RKm 26.6, 

RKm 30.4, and RKm 35.2 are exposed to geologic formations o f the 

Mississippian age.

RKm 2.6 is  exposed to the unnamed f r ia b le  shale o f the 

Winslow formation, RKm 8.0 is  exposed to the sandstone Woolsey 

member o f the Bloyd formation, and RKm 11.2 is  exposed to the 

shale Cane H i l l  member o f the Hale formation (Figure 3). The 

chemical analysis o f the water from these s ites  ind ica te  these 

formations con tr ibu te  very l i t t l e  to the mineral content o f the 

water. The surrounding so i ls  are ac id ic  (Eichman unpublished 

report 1990) and there is  no limestone to bu ffe r the system. The 

area is  remote, and has very l i t t l e  human disturbance to  add to 

the n u tr ie n t  content. Therefore, in summary, the water at these 

s ites  have low hardness parameters, low pH, and low nu tr ie n t  

leve ls  in common. RKm 11.2 chemical and physical parameters were 

more va r iab le , but the temporary presence o f a beaver impoundment 

may account fo r  the v a r ia b i l i t y .

An analysis o f the diatom assemblages at these s ites  also
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ind ica te  greater d iv e rs i ty  and v a r ia b i l i t y  than the M ississippi 

segment. Forty taxa were exclusive to the Pennsylvanian segment 

(Table 4). The main complexes were composed o f the genera 

Eunotia, and P innu la r ia . The ecological d is t r ib u t io n  o f these 

genera are associated w ith low mineral content, low organic 

content, pH below 7.0, cool temperatures, and high oxygen content 

(Pa tr ick  & Reimer 1966, 1975; Schoeman 1973).

With the exception o f when the stream was frozen so lid  in 

December, 1989 there was flow, but sometimes i t  was below measur­

able v e lo c i t ie s .  Flow impacted on the area when the spring ra ins 

caused f lood ing . The stream channel is  narrow causing the water 

to r ise  and increase flow rate ra p id ly .  The influence o f in ­

creased volume and ve lo c ity  has been shown by Fisher et a l .

(1982), Reisen & Spencer (1970) to cause scouring. S im ila r 

impacts were observed during spring flooding only. Fall flow 

rates were below the threshold to move substrate and w ith minimal 

sheer. Observed assemblage changes are associated w ith decreas­

ing temperature. The lack o f alluvium at these upper reaches de­

creased the amount o f scouring tha t occurred. The assemblage 

d iv e rs i ty  was not as affected as in the lower reaches during 

flood ing (Figure 74-81).

The lower s ta tions were exposed to the M ississ ipp i age 

formations and have a reduced stream grad ient. RKm 16.6 s i te  is 

located at the beginning o f the P itk in  formation, RKm 20.6 s i te  is  

exposed to the sandstone Wedington member o f the F a ye tte v i l le
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Taxa Exclusive to  the Pennsylvanian Sites 

RKm 2.6, RKm 8.0, RKm 11.2

Table 4
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Achnanthes

coarctata (Breb. in W. Sm.)Grun. var. coarctata

marginulata Grun. var marginulata

Anomoeoneis

serians var. brachysira (Breb. ex. Kutz.) Hust.

v i t re a  (Grun.) Ross comb. nov. var v i t re a

Cymbel1 a

aspera (Ehr.) H. perag. var. aspera

brehmii Hust. var. brehmii

lunata W. Sm. var. lunata

naviculaform is Auersw. ex. Heib. var. na v icu l i fo rm is

Eunotia

curvata var. cap ita ta  (Grun.) Patr. comb. nov.

fa l la x  A. Cl. var. fa l la x
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flexuosa Breb. ex. Kutz. var. f lexuosa

incisa Wm. Sm. ex. Greg. var. incisa

kochel iensis 0. Mull

maior var. ventricosa A.Cl.

monodon Ehr. var. monodon

naegeli i  Migula var. naegeli i

pa ra l le la  Ehr. var. pa ra l le la

pec t ina l is  var. minor (Kutz) Rabh.

pec t ina l is  (O.F. Mull?) Rhbh. var. pec t ina l is

s o l e i r o l i i  (Kutz.) Rabh. var. s o l e i r o l i i

sudetica 0. Mull .  var. sudetica

Eunotia

tene l la  (Grun) Cl. var tene l la

tr iodon Ehr. var tr iodon

Frustu l ia

rhomboides var. saxonica (Rabh.) DeT.

vu lgar is  (Thwaites) Del. var. vu lgaris
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Gomphonema

a f f in e  Kutz. var a f f in e

Navicula

contenta var. biceps (Arn.) V. H.

laevissima Kutz. var. laevissima

longicephala Hust.

mutica Kutz. var. mutica

pupula var. rectangular is  (Greg.) Grun.

Pinnularia

biceps Greg. var. biceps

biceps f .  peterseni i  Ross.

borea l is  var. rectangular is  Carlson

brebissoni i  var. diminuta (Grun.) Cl.

brevicosta ta  Cl. var. brev icostata

cap i ta ta  var. pauc is t r ia ta  (Grun.) Cl.

maior var. transverrsa (A.S.) Cl.

nodosa (Ehr.) Wm. Sm. var. nodosa
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te rm it ina  ( Ehr.) Patr. var. te rm it ina

Stauroneis

anceps Ehr. var. anceps

anceps f .  g ra c i l is  Rabh.

ignorata Hust. var. ignorata

l iv in g s to n i i  Reim. var. l iv in g s to n i i



formation, the s i te  RKm 23.4 is  exposed to  the same member, s i te  

RKm 26.6 is  exposed to  the Loger limestone l e n t i l  o f  the Fayette­

v i l l e  formation, s i te  RKm 30.4 is  cobble overla id  on the sandstone 

Wedington member o f the F a ye tte v i l le  formation, and RKm 35.4 s i te  

is  exposed to cobble, alluvium and gravel several meters th ic k  

above the F a y e tte v i l le  formation.

The chemical parameters were d i f fe re n t  fo r  th is  portion when 

compared to the upper reach. The mean pH was 0.35 greater than 

those o f  the upper po rt ion . This represents a large d if fe rence  

since a 0.3 change in pH is  100% change in hydrogen ions. The 

mean hardness parameters fo r  these reaches were at leas t f iv e  

times greater at the lower portion than upper po rt ion .

There were 31 taxa tha t are not found in the upper portion 

o f the stream (Table 5). They are taxa th a t have an ecological 

d is t r ib u t io n  w ith  a greater need fo r  and/or to lerance to a higher 

n u tr ie n t ,  m ineral, and pH le v e l.  The stream changed to th i r d  

order in th is  po rt ion . There was less slope, the streambed was 

wider and the pools were much la rg e r.  These fac to rs  allowed fo r  

greater warming, reduced flow  ra te  and moderation o f chemical 

parameter v a r ia b i l i t y .  These environmental conditions are marked­

ly  d i f fe re n t  between the upper and lower portions . The d i f fe re n c ­

es are re f le c te d  by the seventy-one in d ica to r  taxa.

Flow was slow and scouring was not as great a fa c to r  in 

these lower reaches, unless a major flood ing event occurred and 

the t u r b id i t y  increased. The add itiona l nu tr ie n ts  were c o n tr ib u t ­

ed by the more numerous human a c t iv i t ie s  tha t occur in th is  lower
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Taxa exclusive to the Mississippian Sites

RKm 16.6, RKm 20.6, RKm 23.4, RKm 26.6, RKm 30.4, RKm 35.2 

Table 5
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Achnanthes

a f f i n i s  Grun. var. a f f i n i s

clevei Grun. var. clevei

hauckiana var. ros t ra ta  Schulz

saxonica Krasske var. saxonica

Amphipleura

pel luc ida Kutz. var. pe l luc ida

Caloneis

ventr icosa (Ehr.)Meist.  var ventricosa

Camylodiscus

echeneis Ehr.

Cymatopleura

e l l i p t i c a  (Breb.) W.Sm.
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solea (Breb.)W.Sm.

Cymbella

mexicana (Ehr.) Cl. var. mexicana

Diploneis

m arg inestr ia ta  Hust . var. m arg inestr ia ta

Epithemia

s m ith i i  Carruthers var. sm ith ii

F ra g i la r ia

capucina var. mesolepta Rabh.

virescens Ralfs . var. virescens

Gomphonema

acuminatum var. elongatum (W. Sm.) Carr.

sphaerophorum Ehr. var. sphaerophorum

tergestinum (Grun.) Fricke var. tergestinum
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Navicula

peregrina (Ehr.) Kutz. var. peregrina

pupula var. e l l i p t i c a  Hust.

pupula var. mutata (Krasske) Hust.

N itzschia

fasc icu la ta  Grun.

sub linearis  Hust.

t r y b l in e l la  var. lev idensis (W. Sm.) Grun.

Rhopalodia

gibba (Ehr.) 0. Mull var. gibba

gibba var. ventricosa (Kutz.) H&M Perag.

Rhizosolenia

longiseta

Stenopterobia

intermedia var. cap ita ta
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Stephanodiscus

niagarae

S u r i r e l l a

d e l i c a t i s s im a  Lewis

tenera  va r .  nervosa Schmidt

sp. 1 jk e



portion (Figures 74-81). RKm 35.2 s i te  had a number o f unusual 

s i te  sp e c if ic  taxa. Their presence may be explained by a well 

constructed beaver dam tha t was in place u n t i l  the spring floods 

(Table 1 and Figure 82).

There was a group o f cosmopolitan taxa tha t occurred in the 

e n t ire  stream, as indicated by the s im i la r i t y  in the dominant taxa 

(Figures 65-73). This group was unique because many o f them have 

an ecological d is t r ib u t io n  in waters o f low organic and high 

oxygen requirements (P a tr ick  & Reimer 1966, 1975; Schoeman 1973). 

This research gave support to th is  in formation, because o f the 

ecological condition o f th is  p a r t ic u la r  stream.

The th i r d  part o f th is  p ro jec t was to develop a model o f the 

seasonal assemblages. This stream in tha t regard was no d i f fe re n t  

than other streams. There were taxa which developed and dominated 

the assemblage w ith a p a ra l le l  reduction in d iv e rs i ty  by approxi­

mately 50%. Those taxa, Achnanthes deflexa and A. m inutissima. 

had a spring and f a l l  pulse. A fte r  they declined, other taxa, 

Cymbel1 a t u r gidu la  and Navicula cryptocephala, replaced them and 

d iv e rs i ty  increased.

As F r itsch  (1929) and Eddy and Shelford (1929) recognized, 

in those early  years, seasonal, and annual d iffe rences occur. 

Figures 74-82 show changes in d iv e rs i ty  through a seasonal cycle 

w ith associated conditions. Analysis o f dominant taxa f igu res  

also ind ica te  a change in population w ith in  the assemblages over 

time. Further research w i l l  be necessary to determine the caus­

a tive  fac to rs  in i t i a t in g  the observed changes.
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Flood events were a s ig n i f ic a n t  force re su lt in g  in  changes 

th a t occurred in the system during th is  research period. The 

changes were s im i la r  to  those reported by Whitford and Schumacher 

(1963), Fisher (1982), and Kroger (1973). There were beaver dams 

at RKm 35.2 and 11.2 which caused a large impoundment o f  water. 

This ha b ita t changed dram atica lly  a f te r  the spring floods during 

la te  January and ea rly  February when the dams were destroyed.

This resu lted  in the release o f  a large volume o f water w ith 

increased v e lo c i ty .  The drop in d iv e rs i ty  at RKm 11.2 was immedi­

ate, but returned to normal leve ls  qu ick ly  (Figure 68). The 

d iv e rs i ty  at RKm 35.2 dropped and never recovered to the high 

leve ls  observed during the months o f impoundment (Figure 80).

This would ind ica te  there were tychoplanktor taxa present at th is  

s i te  th a t are not usually  present in f low ing waters. The a typ ica l 

species found at the RKm 35.2 s i te  are unusual fo r  f low ing water 

according to  P atr ick  and Reimer (1966, 1975) and Schoeman (1973).

Catastrophic events such as the spring f lood ing  demonstrate 

the need fo r  the h o l is t ic  approach to  stream stud ies. The changes 

to the assemblages were dramatic and progressive. Those taxa at 

the upper portion  o f the stream were transported downstream. 

However, i f  the taxa were not normally a member o f the lower reach 

assemblage they disappeared and were not co llec ted  again at the 

next sampling date. The Eunotia complex fo r  example, was normally 

found at RKm 2.6, but a f te r  the floods large numbers o f  th is  taxa 

were found at several downstream s ite s  (Meyer and Eichman, in 

p ress).
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The Middle Fork o f the White River had a greater d iv e rs i ty  

than was reported fo r  the other stream o f th is  ecoregion (Figure 

83). The I l l i n o i s  r iv e r  and Spring Creek p ro jec t was a study of 

the impact o f a waste water treatment f a c i l i t y  (Woomer 1986).

These two streams, un like  the Buffa lo National River and the 

Middle Fork, had a great deal o f human disturbance. The d is tu r ­

bance included higher chemical parameter le ve ls , such as n i t r a te  

n itrogen (Woomer 1986; Rippey 1977).

S im i la r i ty  index comparisons o f the Middle Fork o f  the White 

River w ith studies o f  other streams located in the Ozark High- 

land/Boston Mountain Region were developed using Jacca rd 's im ila r-  

i t y  index (1912). The comparisons ind ica te  there is  very l i t t l e  

s im i la r i t y  among the streams o f the region tha t have been studied 

(Figure 82). The highest s im i la r i t y  occurred between the I l l i ­

nois River and Spring Creek. The low s im i la r i t y  indices support 

Rohm and his coworkers (1987) premise tha t more than one stream 

should be selected fo r  study as secondary references in an ecoreg­

ion because the primary reference stream may not be representative 

o f a l l  the geology, and water chemistry.

This p ro jec t expanded the l i s t  o f reported diatom taxa fo r  

th is  ecoregion by 131 (Table 4). The Middle Fork o f the White 

River had only those taxa which are generally  common in a l l  

streams i . e .  Achnanthes l anceolata, Cyc lo te l la  menegh in iana . 

Cymatopleura solea. Cymbell a sinuata C. tumida, Frag i l a r ia  

crontonensis. F rus tu lia  v u lg a r is . Gomphonema angustatum. G. 

parvulum. Melosira var ians. Meridion c i r c u la re . Navicula crypto-
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cephala. N. c ryptocephala var.venta, N. luzonenis, N . pseudorein- 

h a r d t i i , N itzschia a c ic u la r is . disspata and Rhoicosphenia 

curvata (Patr ick  & Reimer 1966, 1975; Schoeman 1973).

The data from th is  research lays the foundation fo r  fu ture 

studies. Further research is  required to select which o f the 

in fluencing factors  are most s ig n if ic a n t  and to determine th e i r  

importance. This research, however, suggests tha t ammonia n i t r o ­

gen, and orthophosphate are probably unimportant parameters fo r  

th is  area while the hardness parameters, pH, geomorphology, other 

stream b io ta , temperature, and flow rates should be considered in 

fu tu re  research. Perhaps the in te rac tion  o f a l l  the parameters 

including the external features o f surrounding topography, s o i ls ,  

and vegetation are so intertw ined there is not one most s i g n i f i ­

cant fa c to r .
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