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A B S T R A C T

EFFECTS OF SEWAGE POLLUTION IN THE WHITE RIVER, ARKANSAS 
ON BENTHOS AND LEAF DETRITUS DECOMPOSITION

R ecently th e re  has been much emphasis placed on the  im portance 
o f  le a f  d e t r i tu s  processing to  the  e n e rg e tic s  o f  stream in v e r te b ra te s . 
Th is s tudy was designed p r im a r i ly  to  assess the  e f fe c ts  o f  m un ic ipa l 
e f f lu e n t  on the  a b i l i t y  o f  a stream community to  u t i l i z e  le a f  d e t r i t u s ,  
and s e c o n d a rily  to  eva lua te  the  e x te n t o f  the  p o l lu t io n  o f  the  White 
R ive r by the  F a y e t te v i l le ,  Arkansas e f f lu e n t  d isch a rg e . Physica l and 
chemical w ater q u a l i t y ,  benthos, and f is h  were sampled p e r io d ic a l ly  
a t one s ta t io n  upstream and two s ta t io n s  downstream from  the  d isch a rg e , 
and in  the  R ichland Creek t r ib u ta r y .  Processing o f  le a f  d e t r i tu s  was 
s tud ied  a t  each s i t e  using 5 g packs o f  red oak (Quercus shumardi) 
leaves . D isso lved oxygen was f a r  below recommended le v e ls  which re 
su lte d  in  a f is h  k i l l .  S u b s ta n tia l increases in  o rthophospha te , ammonia, 
c h lo r id e s , c o n d u c t iv ity  and t u r b id i t y  were observed downstream. Only 
1 f is h  species (Morone chrysops) was c o lle c te d  downstream as i t  m ig ra ted  
th rough . The p a tte rn  o f  ben th ic  species (25 im m edia te ly  upstream , 8 
ju s t  downstream, 17 downstream 8 km and 20 in  a t r ib u ta r y )  in d ic a te d  
heavy p o l lu t io n .  D esp ite  t h is ,  le a f  d e t r i tu s  processing ra te s  were 
extrem e ly ra p id  (K = 0 .0 1 -0 .0 3 ) in d ic a t in g  th a t  le a f  decom position 
is  v i r t u a l l y  un a ffe c ted  by m a c ro in ve rte b ra te s .

A rth u r V. Brown, Lawrence D. W i l l i s ,  and Peter P. Brussock

Completion Report to  th e  O ff ic e  o f  Water P o lic y ,  Department o f  the  
I n t e r io r ,  W ashington, D.C. May, 1983.

KEYWORDS— *stream  p o llu t io n /*d e tr itu s /*d e c o m p o s it io n /* b e n th o s / 
physiochem ical p ro p e r t ie s / f is h /w a te r  p o l lu t io n  e ffe c ts /W h i te  R iv e r/ 
A rk a n s a s /c ity  p la n n in g .
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I .  INTRODUCTION

Discharge o f  tre a te d  m un ic ipa l wastewater in to  a stream always 

a l te r s  the  s tre am 's  p h y s ic a l,  chem ical and b io lo g ic a l c h a ra c te r is t ic s .  

The e x te n t o f  the  a l te r a t io n  is  governed by the  q u a l i t y  and q u a n t ity  

o f  the  e f f lu e n t  and the  a b i l i t y  o f  th e  re c e iv in g  stream to  a s s im ila te  

and m e tabo lize  the  w astes. D egradation o f  th e  b io lo g ic a l community 

is  recogn ized to  be th e  most im p o rta n t r e s u l t  o f  stream p o l lu t io n .

The p rim a ry  reasons most ph ys ica l and chemical da ta  are ob ta ine d  f o r  

re c e iv in g  streams are to  enable e s tim a tio n  o f  the  e f f e c t  o f  t h e i r  

changes on organism s in h a b it in g  th e  stream and to  de term ine  the  q u a l i ty  

o f  th e  w ate r re g a rd in g  i t s  v a r io u s  uses by man. Several physiochem ical 

s tu d ie s  o f  t h is  type  have been performed in  th e  upper W hite R ive r 

(E ley  1969, B a y lis s  1971, Stone 1971, Carahan 1973, G earhart 1973,

Reed 1973, Rowe 1973). The o n ly  way to  a c tu a l ly  assess the  e f fe c ts  

o f  an e f f lu e n t  on a s tre a m 's  l i v in g  community is  by d i r e c t  b io lo g ic a l 

s tu d ie s  (Hynes 1960, C a irns and D ickson 1971). However, methods used 

in  c o l le c t in g  and a n a lyz in g  p h ys ica l and chem ical da ta  to  assess 

p o l lu t io n  a re  f a i r l y  w e ll s tan da rd ized  and w id e ly  p ra c tic e d  (see 

U n ited  S ta tes  Environm ental P ro te c tio n  Agency 1974, American P u b lic  

H ea lth  A s s o c ia tio n  1975), w h ile  b io lo g ic a l procedures f o r  d e te rm in in g  

w ater q u a l i t y  a re  n o t as s ta n d a rd ize d  d e s p ite  c o n s id e ra b le  e f f o r t  to  

do so ( e .g . ,  Hynes 1960, Wilhm and D o rr is  1968, Wilhm 1970, C airns 

and D ickson 1971, Weber 1973). T h e ir  ve ry  e c o lo g ic a l n a tu re  o fte n  

p rec ludes r i g id  s ta n d a rd iz a t io n  o r  re d u c tio n  to  m eaningfu l m athem atica l
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expressions which would be use fu l to  eng ineers. The d i f f i c u l t i e s  

o f  sampling and ana lyz ing  aq ua tic  community s tru c tu re  do no t outweigh 

the  need fo r  these da ta .

B io lo g ic a l assessment o f  w ater q u a l i t y ,  in  a d d it io n  to  being a 

more d ir e c t  method, has several advantages over physiochemical analyses. 

Stream organisms a c t as a continuous m on ito r o f  w ater q u a l i ty  because 

the  water must c o n t in u a lly  exceed th e i r  minimum requirem ents fo r  them 

to  remain l iv in g  in  a g iven lo c a t io n  (Wilhm 1967). Physiochemical 

data can o n ly  rep resen t the  water q u a l i ty  a t the  s p e c if ic  time the 

samples were taken. As stream co n d itio n s  are con tin u o u s ly  changing, 

physiochemical data seldom rep resen t average c o n d it io n s . As Wilhm 

(1967) has po in ted  o u t,  the  samples m ight miss a b r ie f  pe riod  o f  

p a r t ic u la r ly  bad water q u a l i ty  th a t  would k i l l  many aqua tic  species 

o r the  samples m ight be c o lle c te d  du ring  te m p o ra r ily  bad co n d itio n s  

th a t the  organisms could endure fo r  a b r ie f  p e rio d . In  e ith e r  case 

m is in te rp re ta t io n  would r e s u lt  i f  based o n ly  on physiochemical da ta .

Less m obile  organisms l ik e  ben th ic  m acro inve rteb ra tes (e s p e c ia lly  

m o lluscs) are most use fu l in  t h is  rega rd . Aquatic  species vary con

s id e ra b ly  in  t h e i r  p o llu t io n  to le ra n c e . For example, Psychodidae 

la rva e  (sewer f l i e s )  th r iv e  on t r i c k l in g  f i l t e r s  and some Chironomidae 

la rva e  (bloodworms) and O ligochaeta (s ludge worms) grow to  tremendous 

popu la tions  in  streams and ponds re c e iv in g  raw sewage, w h ile  most 

T rich o p te ra  ( c a d d is f l ie s ) ,  P lecoptera ( s to n e f l ie s ) , and Ephemeroptera 

(m a y flie s ) are unable to  w iths tand  moderate degradation in  water

2



q u a l i t y  (Hynes 1960, Roback 1974, Davis 1975). S im ila r  d if fe re n c e s  

have been recorded f o r  f is h  (Tsa i 1973, Coble 1982), p ro tozoa  (Lackey 

1938, Mohr 1952) and o th e r  groups o f  o rgan ism s. The range o f  sen

s i t i v i t y  a llo w s  some d iscernm ent o f  th e  degree and downstream e x te n t 

o f  p o l lu t io n ,  bu t a n a ly s is  o f  b io lo g ic a l da ta  must transcend s im p le  

use o f  in d ic a to r  organism s c la s s i f ie d  as to le r a n t ,  in to le r a n t  o r  

f a c u l ta t iv e  as o fte n  proposed, and in v o lv e  as com plete a community 

a n a ly s is  as p o s s ib le  (see Hynes 1970).

Streams re c e iv in g  tre a te d  m un ic ipa l wastes should be th o u g h t o f  

as ex tens ions  o f  t h e i r  sewage tre a tm e n t p la n ts  because th e  streams ac

com plish  f in a l  p u r i f ic a t io n  o f  th e  wastes. T h e re fo re , a re c e iv in g  

stream should be c a r e fu l ly  m on ito red  and m a in ta in ed  much th e  same as 

the  mechanical f a c i l i t i e s  in  th e  sewage tre a tm e n t p la n t  to  o p tim iz e  

i t s  e ffe c t iv e n e s s . In  o rd e r to  s u c c e s s fu lly  manage such stream s 

we must f i r s t  understand t h e i r  e c o lo g ic a l s t ru c tu re  and how the y  

fu n c t io n .

A genera l th e o ry  concern ing  th e  community o rg a n iz a t io n  and 

fu n c t io n a l dynamics o f  l o t i c  ecosystems has re c e n t ly  been developed 

(see Cummins 1977, M c ln t ir e  and Colby 1978, Vannote e t  a l . 1980, 

M in sh a ll e t  a l . 1983). The model i s  p r im a r i ly  based on th e  se q u e n tia l 

u t i l i z a t io n  o f  decomposing o rg a n ic  d e t r i t u s  th a t  e n te rs  streams from  

t h e i r  watersheds p r im a r i ly  in  th e  fo rm  o f  autumn shed lea ve s  (M in s h a ll 

1967, Coffman e t  a l . 1971, Cummins 1974). The ra te s  and mechanisms 

in v o lv e d  in  th e  p rocess in g  o f  lea ves  by stream  in v e r te b ra te s  and
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decomposers has been ra ther extensive ly studied in  unperturbed 

streams (e .g .,  See Petersen and Cummins 1974, Suberkrop and Klug 

1976, Anderson and Sedell 1978, Brown and Ricker 1983), but no studies 

previous to  th is  one have addressed le a f decomposition in  a stream 

rece iv ing municipal wastes.

The primary ob jec tive  o f th is  study was to assess the e ffec ts  

o f p o llu tin g  a stream w ith  treated municipal wastewater on i t s  capacity 

to  process natural allochthonous d e tr itu s  inpu ts . This included an 

assessment o f the mechanisms and rates o f le a f  processing, determina

tio n  o f the benthic macroinvertebrate community s tructu re  and analysis 

o f the physiochemical water q u a lity . Additiona l benthic community 

samples were taken in  the I l l i n o is  R iver, Arkansas (an adjacent 

drainage basin) fo r  comparison. I t  was decided to perform a pre lim 

inary  assessment o f  the e ffe c ts  o f the e ff lu e n t on the f is h  community 

o f the White River a lso .
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I I .  STUDY SITE DESCRIPTION

The headwaters o f the White River flow  northward through the 

Ozark Mountains in  northwest Arkansas in to  Beaver Reservoir (Figure 1 ). 

There are three major t r ib u ta r ie s  w ith  the White River mainstream in  

the southeastern po rtion  o f the water shed and the Middle Fork and 

West Fork in  the remaining po rtion s . The White River and Middle Fork 

are impounded ju s t  above the confluence w ith  West Fork to  form Lake 

Sequoyah, which is  owned and managed by the C ity  o f  F a y e tte v ille . 

Downstream from the confluence the r iv e r  i f  a f i f t h  order stream and 

remains so downstream to  Beaver Reservoir. The r iv e r  meanders fo r  

approximately 15 km below Lake Sequoyah before reaching Beaver Reser

v o ir .  The headwater streams flo w  through the sandstones and shales 

o f the Boston Mountains. Downstream from the lake i t  flows through 

cherty limestone o f the S p rin g fie ld  Plateau. The d if fe re n t  substrata 

have l i t t l e  in fluence  on the physiochemistry o f  the r iv e r  (Horn and 

Garner 1965). Numerous springs co n trib u te  to  the r iv e r  flow  along i t s  

course.

The White R iver is  used fo r  many purposes in  ad d ition  to  rece iv ing  

trea ted wastewaters. These uses include ir r ig a t io n  o f farm land, 

watering liv e s to c k  and w ild  game, and as recrea tion  by fishemen, 

canoeists and swimmers. The most s ig n if ic a n t aspect o f  i t s  f is h e ry  

is  the annual white bass (Morone c hrysops) spawning m igra tion from 

Beaver Lake each spring . However, there is  year around f is h in g  fo r  

o ther species inc lud ing  crapp ie , various c a t f is h ,  sun fish , black 

bass, and walleye. The in take  fo r  the municipal water supply fo r

5



Figure 1. Map o f the headwaters region o f the White R iver, Arkansas

w ith study areas indicated.
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F a ye tte v ille  and several other communities is  located in  Beaver 

Reservoir approximately 42 km downstream from the e ff lu e n t discharge.

The headwaters downstream to Beaver Reservoir have been placed 

in  use-class A by the Arkansas Department o f P o llu tio n  Control and 

Ecology (1975, 1981). This ind ica tes th a t these streams are c la s s i

f ie d  as su ita b le  fo r  primary contact re c re a tio n , propagation o f 

desirab le  species o f f is h ,  w i ld l i f e  and other aquatic l i f e ,  raw 

water source fo r  pub lic  water supp lies, and o ther compatible uses.

In a d d itio n , the stream is  c la s s if ie d  as a smallmouth bass f is h e ry . 

The study section o f the r iv e r  downstream from the sewage p lan t has 

a c tu a lly  experienced ra the r extensive f is h  k i l l s  during the summers 

o f 1978, 1979, 1980, and 1982.

Locations o f the sampling s ta tio n s  are ind ica ted  on Figure 1. 

Three s ite s  were selected in  the White River and one in  Richland 

Creek, a t r ib u ta ry .  The f i r s t  s ta tio n  (WR 1) was chosen to  represent 

the environmental q u a lity  o f  the r iv e r  before rece iv ing  secondary 

trea ted e ff lu e n t from the F a y e tte v ille  sewage treatm ent p la n t. The 

Richland Creek s ite  (RC) s im ila r ly  provided comparative data from a 

re la t iv e ly  unpolluted t r ib u ta ry .  S ta tion  WR 2 was about 250 m below 

the e ff lu e n t discharge and s ta tio n  WR 3 was about 8 km fu r th e r  

downstream.
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I I I .  MATERIALS AND METHODS

Leaf packs were prepared, deployed, re trie ved  and analyzed 

s im i la r i ly  to  the the methods o f Petersen and Cummins (1974) a t each 

s ta tio n . Small (5.0 g) packs o f a ir  dry Shumard's Red Oak (Quercus 

shumardi) leaves were sandwiched between small p la s tic  tabs and 

stapled together. This species does not shed i t s  leaves u n t il spring. 

The leaves were a l l  co llec ted  from one tree  during la te  January 1982 

to ensure comparable le a f packs among s ite s . Instead o f lashing the 

packs to bricks as recommended by Petersen and Cummins (1974) we 

secured them to the surface o f the substrate using a 60d common na il 

through the center o f each. This avoided the nuisance o f having 

our experiments ruined by removal o f the packs by curious passers by, 

as we have experienced during other s im ila r  s tud ies. The leaves were 

placed in  areas o f s im ila r depth, current and substrate type a t each 

s ta tion  in  an e f fo r t  to  hold these fac to rs  constant. Three le a f 

packs were c a re fu lly  removed a fte r  days 3, 8, 20, and 37 from each 

s ta tio n . Invertebrates were removed and preserved, a fte r  which the 

remaining le a f m aterial was dried a t moderate temperature (50° C), 

allowed to  a ir  dry in  the labora tory fo r  several days, and then 

weighed. Four q u a n tita tive  substrate samples o f benthic macroinverte

brates were co llected  using a Surber Square fo o t sampler (250 μm 

mesh) a t each s ta tio n  each month from A p ril 1982 through October 1982. 

Sites fo r  these samples were chosen to best represent the va rie ty  o f 

habitats ava ilab le  a t each s ta tio n . These invertebra te  samples were 

preserved in  75% ethanol and returned to the laboratory where they
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were hand picked, sorted, id e n tif ie d  and counted. Selected physio

chemical analyses were performed a t each s ta tio n  p e rio d ic a lly  from 

A p ril 1982 through March 1983. These tes ts  included flo w , dissolved 

oxygen, tu r b id i ty ,  c o n d u c tiv ity , ch lo rin e , n itra te  n itrogen , ammonia 

n itrogen , orthophosphate, and f in e  p a rtic u la te  organic matter (FPOM). 

The FPOM was co llec ted  by f i l t r a t io n  o f 500 ml o f  water on Whatman 

GFF f i l t e r s .  The other te s ts  were performed according to  standard 

methods (American Public Health Association 1975). Processing ra te  

c o e ffic ie n ts  (k) fo r  the le a f  packs were ca lcu la ted by the method 

developed by Petersen and Cummins (1974) using the equation:

-k = loge (%R/100) /  t  where %R is  the percent le a f m ateria l remaining 

a f te r  the time in  days ( t )  o f  exposure.

A dd itiona l inve rteb ra te  samples were co llec ted  from a comparable 

study s ite  in  the f i f t h  order reach o f the I l l i n o is  River ( IR ), Ar

kansas during A p r i l ,  Ju ly  and October. Three samples were taken each

date using a 0.05 m2 vaccuum sampler and the same mesh size (250 μm).

The I l l i n o is  is  qu ite  s im ila r  to  the White in  o ther respects, but i t

received less municipal sewage.

Species d iv e rs ity  was ca lcu la ted  by the Shannon-Weaver index:

S.D. =  n∑ n i/n  ( lo g e n i /n ) ,  where n i/n  is  the ra t io  o f  the number o f 
i = 1

in d iv id u a ls  in  the i th species to  the to ta l number o f organisms in  

the sample. Fish were sampled by deploying g i l ln e ts  (2 in .  bar mesh, 

100 f t .  long) a t each study s ite  fo r  one n ig h t during the period 

from 12 A p ril 1983 through 23 A p ril 1983. High water made i t

9



impossible to successfully seine or electroshock in  the study 

areas. (Analysis o f f is h  populations was not id e n tif ie d  as one o f 

the ob jectives o f the study in  the proposal. However, th is  pre

lim ina ry  assessment was attempted la te  in  the study.)

10



IV. RESULTS AND DISCUSSION

A. Leaf Processing

Apparently weight loss o f the le a f packs was dram atica lly 

affected by the sewage e fflu e n t (see Figure 2). The fas tes t decom

position rate was observed at the second s ta tion  (WR 3) downstream 

from the sewage o u tfa ll (k = 0.0346). The slowest rate was at the 

s ite  immediately below the plant (k = 0.0108) but was not very d i f 

ferent from those observed upstream (k = 0.0140) or in  Richland 

Creek (k = 0.0129). The observed differences in  le a f processing 

rates cannot be explained by the numbers o f macroinvertebrates which 

colonized the le a f packs (Figure 3 ), or by the functional groups 

(sensu Cummins 1974, M e rr itt  and Cummins 1978) associated with them. 

Shredders were conspicuously absent from the le a f packs at a ll s ite s ; 

only co llec to rs  and predators were on them.

Figures 2 and 3. Figure 2. Leaf pack weight loss a t four s ites  in 
the White R iver, Arkansas. WR1 = ■  , WR2 = ●, WR3 =◯ ,
RC = ▲. See Figure 1 fo r  loca tion  o f study areas.
Figure 3. Benthic macroinvertebrates which colonized le a f packs 
(n/pack) at four s ites  in the White R iver, Arkansas.

Figure 2 Figure 3
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Even the slower le a f processing rates would be c la ss ifie d  

as fa s t ( i . e . ,  k > 0.010) by Petersen and Cummins (1974) even though 

oak leaves are generally slow ( i . e . ,  k < 0.005) to decay. The 

processing rate at s ta tion  WR 3 was fas te r than tha t recorded fo r 

the same species in a s im ila r study in the nearby I l l in o is  River 

(k = 0.025, Brown and Ricker 1983). The fas te r processing rates 

must be due to a greater density and/or a c t iv i ty  o f the microbial 

organisms responsible fo r decomposition (bacteria and fungi) and 

perhaps higher stream temperatures experienced during the studies in 

Arkansas. The highest processing rate reported by Petersen and 

Cummins (1974) (k = 0.0305) was obtained from a study performed during 

the summer in Michigan. Summer stream temperatures in Michigan may 

be equivalent to Arkansas spring time temperatures during th is  study 

(9-14° C). In any case the le a f processing rates were d e f in ite ly  

fas te r than any previously reported. This fa c t along with the paucity 

o f invertebrates associated with the le a f packs ( < 8 spp) and the 

absence o f shredders indicates tha t invertebrates have l i t t l e  e ffe c t 

on le a f processing ra tes. This agrees with the conclusion from a 

le a f processing study in an Ozark cave stream (Brown and Schram 1983).

B. Benthic Macroinvertebrate Community

The most diverse invertebrate fauna was found above the e fflu e n t 

discharge with a to ta l o f 25 species (see Table 1). Twenty species 

were present in Richland Creek, 17 species were collected at WR 3 

about 8 km downstream and only 8 species could be found 250 m below

12



Table 1. Benthic macroinvertebrate d is tr ib u tio n  and abundance (N/M2 ) 
in  the White R iver, Arkansas upstream and downstream from the 
F aye ttev ille  sewage discharge and at a comparable s ite  in  the 
I l l in o is  River, Arkansas. See Figure 1 and the te x t fo r  s ta tion  
lo ca tio ns .

TAXA WR 1 WR 2 WR 3 RC IR

Insecta 
Ephemeroptera 

B a e tis  
C aenis  
Chor o te r pes  
Ephemera 
Ephemerel l a 
Ephoron  
Hexagenia  
Is o n y c h ia  b ico l o r  
L e p to p h l e b ia  
P a ra l e p to p h l e b ia  
Potam anthus  
R h ith ro g e n a  
Stenonema sp .
S. b ip u n c ta tu m  
S. pu l l c hel l um 
S. te rm in a tum 
S. t r ip u n c ta tu m  
S. fem ora tum  
S. n e p o te l l um 
T r ic o ry th o d e s  a t t r a t u s  
S tenacr on in t e r pun c ta tum

9.99

5.38

1 .15

6.15 
1.54
1.92

0.38
1.92

14.60 
0.38

3.46

14.60 

1.54

8.84

50.34

1 .15

4.23

24.59

0.77

6.15
4.99
0.77

2384.40
182.19

2.20
68.90
35.57
6.67 
3.73

217.80
8.67 
2.20

1035.67
20.20

886.67
164.40
144.40 

91.09 
86.67
8.67

55.53
120.00

Tricoptera 
Chim arr a 
Cheuma to p  syc he 
Hydr opsyche  
M a r il ia  
Po ta m y ia

5.38
8.07

13.83

0.77

3.07

0.38
2.31
6.92

98.76
19.98

17.68

1602.22
3273.31

2.20
2.20
2.20

Diptera
Chironimidae 
Simuli idae 
Pupae 
A th e r ix  
T ip u l a

22.67
9.22

1.54

64.18
14.22

80.70
80.70

0.38

27.67
32.28

0.77

1511.11

68.96
4.44
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Table 1. Continued

TAXA WR 1 WR 2 WR 3 RC IR

Plecoptera 
Acroneur i a  
Al l o ca p n ia  
Ne o p e r la  clym ene  
Phasganophora

13.45

6.15

0.77 0.77 4.99

0.77

102.20
4.43

260.00
22.21

Megaloptera
C oryda lus  c o rn u tu s  
S ia l is

11 .91 7.69 30.70 2.31 19.97
2.20

Coleoptera 
E c to p r ia  
P sephen is  
S te n e lm is  larvae 
S te n e lmis  adults

3.46 1 .15 4.99
0.38
0.77

6.67
695.53

1073.33
46.66

Hemiptera
G e r r is  re m ig is 6.53

Odonata
A rg ia  emma 6.60

Crustacea
Decapoda

Or c o n e c te s  nana 0.38 8.93

Isopoda 
L ir ceus  
C aecido te a  
Unidentified sp.

1 .15 1 .15 0.38 471.07 
6.60 
6.70

Amphipoda
Stygobrom us 33.31

Arachnida
Acarina

Acar in a 33.55

Mollusca
Gastropoda

C o rb ic u la  f lu m in e a  
Tr ito g o n ia  v e rru c o s a  
L a m p s ilis  v e n tr ic o s a

443.08
0.38
0.38
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Table 1. Continued.

TAXA WR 1 WR 2 WR 3 RC IR

Mollusea
Gastropoda (continued) 

A nodonta g ra n d is  
Physa g y r in a  
Fer r is s ia  r iv u la ru s  
Sphaer ium  s t r i a t i num

0.38
0.77

2.20
4.47

Annelida 
Hirudinea 
Oligochaeta 1.15 0.77

2.20
26.67

Platyhelminthes
Turbe lla ria
Nematomorpha

15.56
6.60

Nematoda 26.67

TOTALS 561.79 93.00 253.19 305.83 15,093.83

Species D ive rs ity 1.10 1 .05 1.60 2.05 2.49
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the o u t fa l l .  May f l ie s  and molluscs were f a i r ly  abundant upstream 

but were conspicuously absent immediately below the sewer p lan t.

Gordon (1976, 1982) in  studies o f the Mollusca o f the White River 

reported 47 species from the headwaters and noted the complete e x t ir 

pation o f species from below the F aye tte v ille  sewage o u tfa ll to the 

headwaters o f Beaver Reservoir. When he co llected in  th is  area the 

A s ia tic  clam, Cor b icu la , was in  Beaver but not above i t  in  the 

headwaters. I t  was very abundant during th is  study upstream from the 

sewage p lan t (WR 1) but was absent from the other sampling stations 

(Table 1 ). Perhaps fishermen who use them fo r  b a it have un in ten tiona lly  

introduced them a t th is  s ite .

The macroinvertebrate fauna was not very r ic h  in  species or numbers 

a t any o f the sampling sta tions which indicates a generally depauperate 

s itu a tio n  w ith in  th is  reach o f the stream. This observation is  sup

ported by the low species d iv e rs ity  indices given in  Table 1. Wilhm 

and Dorris (1968) considered streams w ith a d iv e rs ity  index between 1 

and 3 to  be moderately po llu ted . Considering the other fac ts  fo r  th is  

stream, includ ing the absence o f Mayflies and molluscs below the 

sewage o u tfa ll and the recurrent f is h  k i l l s ,  we would suggest tha t i t  

is  heavily po llu ted a t the other s ite s . The Richland Creek s ite  was 

p rim a rily  bedrock w ith l i t t l e  su itab le  hab ita t fo r  benthos or i t  may 

have had a higher d iv e rs ity .  The Shannon-Weaver index is  qu ite  re 

sponsive to evenness (Wilhm 1967) so the large number o f Corbicula 

a t the upstream s ite  depressed the value there.
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A comparable s ite  on the I l l in o is  River had 53 species and a 

species d iv e rs ity  index o f 2.49 despite the fa c t th a t only 9 samples 

were represented compared w ith 28 a t each s ite  from the White (see 

Table 1 ). The abundance o f m ayflies (Ephemeroptera) a ttes ts  to  the 

re la t iv e ly  unpolluted status o f the I l l i n o is .  The r iv e rs  have very 

s im ila r watersheds regarding th e ir  topography, geology and the 

a g ric u ltu ra l practices w ith in  them.

C. Physical and Chemical Water Q ua lity

The physical and chemical analyses d e fin te ly  ind ica te  tha t the 

e ff lu e n t from F a y e tte v ille 's  sewer p lan t is  degrading the water 

q u a lity  o f  the White River and exceeding the standards set by the 

Arkansas Department o f P o llu tion  Control and Ecology (1981) (see 

Table 2 ). The abuses are espec ia lly  severe during times o f normal 

o r low flow  cond itions. Substantial increases in  orthophosphates, 

ammonia n itrogen , ch lo rid e s , con du c tiv ity  and tu rb id ity  were observed 

downstream from the p la n t. Dissolved oxygen (DO) was considerably 

below recommended le ve ls  fo r  th is  stream a t the second s ta tio n  down

stream during the August and September samples. The f i r s t  s ta tio n  

downstream may have been too near the o u t fa ll (250 m) to  have been 

maximally e ffected  regarding DO le v e ls . During normal flo w , oxygen 

depletion was ju s t  beginning as the water passed th is  s ta tio n  and 

was always lower a t the second s ta tio n  except in  A p ril 1982 when the 

flow  was above average. During the week o f 12 September the DO 

con s is ten tly  ranged from less than 1 to  a maximum o f 3 mg/l  fo r
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Table 2. Physical and chemical characteris tics o f the White River, Arkansas upstream and
downstream from the Fayetteville  sewage plant e fflu e n t discharge from A pril 1982 through 
March 1983. See tex t fo r station locations (WR 1, 2, 3, and RC).

April 23
WR1 WR 2 WR 3 RC

June 8 June 29
WR 1 WR 2 WR 3 RC WR 1 WR 2 WR 3 RC

DO
(mg/l ) 9.9 9.5 9.6 11.4 8 .2 8.1 7.8 9.3 7.6 6 .8 6 .6 8.4

Conductivity
(μmho/cm) 60 95 65 n o 82 122 82 112 60 140 140 150

Turb id ity
(NTU) 24 26 29 8 30 32 33 19 38 36 42 22

Temperature
(°C) 13 14 14 14 23 28 23 23 23 23 23 21

0-Phosphate
(mg/l ) .05 .05 - <.05 <.05 <.05 <.05 <.05 .30 .30 .68 .39

NH3
(mg/l ) 0 0 0 0 0 0 0 0 .35 .52 .58 .20

NO3
(mg/l ) .60 .60 .50 2.2 .80 <.05 .20 0 .60 3.6 8.3 .40

Cl- 
(mg/i ) 25 38 25 25 25 25 25 25 25 25 25 25

FPOM 
(mg/l ) .0064 .0084 .0091 .0027 .0111 .0109 .0119 .0053 .0217 .0319 .0110 .0025
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Table 2. Continued.

July 20 August 24 September 21
WR  1 WR 2 WR 3 RC WR 1 WR 2 WR 3 RC WR 1 WR 2 WR 3 RC

DO
(mg/l ) 6.9 6.6 6.0 9.0 6.7 6.3 4.3 7.7 6.6 6.2 3.9 6.9

Conductivity
(μmho/cm) 192 183 300 200 8.3 233 210 197 60 260 180 195

Turb id ity
(NTU) 17 16 20 11 21 22 24 12 22 23 28 14

Temperature
( ° c ) 21 29 28 25 29 29 26 26 28 28 25 26

O-Phosphate 
(mg/l ) .32 .37 .30 .40 .22 .73 .47 .41 .24 .25 .38 .50

NH3
(mg/l ) .22 .10 .50 .05 .10 .50 .50 .10 .22 2.0 3.5 .10

N03
(mg/l ) .40 .40 .60 .40 .60 .30 .50 .80 2.9 5.2 4.1 2.0

CL- 
(mg/l ) 25 25 63 25 .25 .85 .62 .72 25 88 75 25

FPOM 
(mg/l ) .0076 .0070 .0087 .0014 .0069 .0072 .0083 .0031
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Table 2. Continued.

October 21 January 5 March 26
WR 1 WR 2 WR 3 RC WR 1 WR 2 WR 3 RC WR 1 WR 2 WR 3 RC

DO
(mg/l ) 9.1 7.3 6.5 8.8 11.4 11.4 11.1 11.8 12.5 12.3 11.6 13.6

Conductivity
(μmho/cm) 120 260 460 241 72 58 63 71 60 92 90 76

Turbidity
(NTU) 14 14 16 7 17 16 19 15 20 18 17 5

Temperature
(°C) - - - - 12 13 12 12 10 11 11 11

0-Phosphate
(mg/l ) .40 5.5 .70 .70 0 .12 .15 0 .12 .20 .17 .03

nh3 
(mg/1) 0 2.0 2.0 0 .05 .08 .10 .06 .22 .47 .32 .32

N03
(mg/l ) - - - - .30 .40 .40 .30 .14 .19 .17 .13

Cl-
(mg/l ) 25 75 125 38 25 25 25 25 25 25 25 25

FPOM
(mg/l ) .0096 .0102 .0109 .0041 .0075 .0081 .0097 .0038 .0072 .0068 .0084 .0036
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several kilometers below the o u tfa ll and resulted in a f is h  k i l l .

We observed tha t most o f the f is h  k il le d  were carp (Cypr in u s  ca r p io )  

and green sunfish (Lepom is c y a n e llu s ) which are p o llu tio n  to le ra n t 

species, although other less to le ra n t species were included. This 

could indicate tha t the reach o f r iv e r  no longer produces many game 

f is h , or tha t the poor water q u a lity  developed gradually and the more 

sensitive species le f t  before the conditions became le th a l.

D. Fish Community Structure

The sparse data which we were able to obtain during th is  study 

d e f in ite ly  ind icate tha t the sewage p o llu tio n  from the C ity o f 

F aye ttev ille  is  harming the f is h  community o f the White River (see 

Table 3). Six species o f f is h  including p o llu tio n  to le ra n t species 

such as small mouth bass (M icr o p te ru s  d o lo m ie u i) and black and r iv e r  

redhorse (Moxo stoma duque s n e i and M. ca r in a tu m  respective ly) were 

collected about 1 km upstream from the sewage discharge. Only one 

species, white bass (Mor one c h ry s o p s ) was collected approximately 1 

km downstream from the e fflu e n t dishcarge. These f is h  were probably 

moving through the area on th e ir  annual spawning m igration to upstream 

areas. With the exception o f 2 channel ca tfish  ( I c t a lu r us  punc t a t u s ), 
white bass were the only f is h  collected at the s ta tion  8 km downstream.
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Table 3. Fish d is tr ib u tio n  and re la tiv e  abundance in the White River, 
Arkansas upstream and downstream from the F aye ttev ille  sewage 
discharge. See Figure 1 and the te x t fo r  s ta tion  locations.

TAXA WR 1 WR 2 WR 3 RC

Morone c h ryso p s 8 28 165 18

Lep i s o s te u s  osseus 4

M icr o p te r a s  d o lo m ie u i 2

Moxostoma duquesne i 2

Moxostoma car i natum 2

I c t a lu r u s  punc ta tu s 1 2
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V. SUMMARY AND CONCLUSIONS

Results o f th is  study indicate tha t the headwaters portion o f 

the White River in the v ic in ity  o f the F a ye tte v ille , Arkansas sewage 

treatment f a c i l i t y  has rather poor water q u a lity  and supports very 

few species of benthic macroinvertebrates compared with an adjacent 

stream, the I l l in o is  River. E ffluent from the sewage treatment plant 

fu rth e r degrades the stream at least as fa r  as the upper reaches o f 

Beaver Reservoir. Oxygen depletion caused by the e fflu e n t resulted 

in a f is h  k i l l  in September 1983 and s im ila r conditions probably 

caused the f is h  k i l ls  in previous years in th is  stream.

The depauperate condition o f the aquatic invertebrate fauna 

upstream from the e fflu e n t discharge could be the re s u lt o f nonpoint 

source a g ricu ltu ra l p o llu tio n , fa u lty  septic tanks and run o f f  from 

small towns in the watershed. However, the fauna upstream could have 

been depleted by the harsh conditions downstream. Aquatic in ve rte 

brates d r i f t  downstream in large numbers (see Waters 1967, 1972; Muller 

1974) and the adults o f aquatic insects then f l y  upstream to complete 

what Muller (1954, 1981 ) has called th e ir  reco lon iza tion cycle. I f  

they are k il le d  as they disperse downstream they can not subsequently 

recolonize upstream locations.

The benthic macroinvertebrate community s tructure  and f is h  species 

collected d is t in c t ly  indicated the water q u a lity  conditions at each 

s ta tio n . Despite the poor water q u a lity  and the depauperate benthic 

fauna, the le a f d e tr itu s  decomposition rates were very high, in  fa c t
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there was some ind ica tion  tha t the decomposition (processing) rate 

was enhanced by the e ff lu e n t. This re su lt was unexpected because 

benthic macroinvertebrates, especia lly  shredders, are generally thought 

to strongly influence le a f decomposition rates (see Cummins 1974, 1977; 

Vannote e t a l . 1980; and Minshall et a l . 1983).

I t  was feared tha t le a f decomposition rates would be depressed 

by sewage p o llu tio n  o f streams and re su lt in an accumulation o f a lloch

thonous le a f d e tr itu s . This would aggravate the s itua tion  concerning 

organic loading o f receiving streams. This study indicated tha t while 

there was some suppression o f decay rates immediately downstream, they 

were accelerated fu rth e r downstream. Except in cases o f severe 

p o llu tio n , depression o f le a f processing rates w ill probably not be 

a problem.
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