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Introduction 

Water is e s s ential for life as we know it on this plan­

et. Because of this fact the necessity for clean water is 

obvious. Without clean usable sources of water, life would 

disappear from the face of the Earth. 

Wilbur ( 1969 )  estimates that there are 273 liters of wa­

ter per square centimeter of surface on this planet. He al­

so states that, of this amount, the maj ority or 269 liters 

per square centimeter is seawater. The remaining 4 liters 

exist as freshwater, continental ice, and water vapor. The 

freshwater is of utmost importance to man for this is the form 

readily av�ilable for his use. 

Water is involved in a definite cycle of evaporation and 

precipitation. This sequence of events is termed the hydro­

logical cycle. During this cycle water is evaporated from 

large bodies of water and from the land. The sun's energy acts 

as the driving force which brings about evaporation and puri­

fication of the water vapor. It is then condensed or precip­

itated in the form of rain, dew, and mist. After reaching the 

ground, a portion o f  the water returns to the atmosphere via 

evaporation and transpiration from plants. The remainder ei­

ther soaks into the s oil and becomes ground water or runs .off 

as surface water. 



During thi s  cycle the quality of wate r change s drasti ­

cally and man plays a very i mportant role i n  t hat change. 

2 

Wat er from vari ous source s i s  utili z ed by man and then c ontin­

ue s on through the cyc l e  in the form of s ewage or industri al 

effluent . The next user mus t  reali z e  it s c ondition and attempt 

t o  alter it into a usabl e form by purificat i o n .  C l ean wat er 

is e s s ential not only for man but also for a healthy aquati c 

communi ty . 

Many r e s e archers have long b e en aware of the importanc e 

of c l ean water .  Forb e s  ( 1893), Kofoid (1898), and Agassiz 

(1850) were a few of the fi rst authors to c ondu c t  s eri ous lim­

nological s tudi e s . In re c ent years th e numb e r  o f  lake , rive r , 

and stream studi e s  has increas e d  at a rapid rate. 

The ne ed for such s tudie s i s  apparent . Man utili z e s  wa­

ter di rect ly , in industry and agri culture . C o p i ous amounts 

of clean water are nec e s s ary to me e t  such requi rements . Wat e r  

quality criteria have b een re commended b y  t h e  Federal Govern­

ment in ord e r  to e s tablish a b a s e  from which to work in main­

taining and c l eani ng our streams and lak e s  ( Anon . ,  1968). Many 

state s have foll owed sui t  and e s tabli shed the i r  own standards 

which work in conjunction with tho s e  set up by the federal 

government. Such c ri t e ri a  provide the r e s e archer with an in­

dex which can b e  compared with hi s own results in determining 

water quali ty . 

Flood control ,  irri gati on , power produ c t i o n , and fish and 

wildfowl product i on are a few of the many rea sons s tream stud­

i e s  are conducted . Ki ttrell ( 1969) fe e l s  mos t  studi e s  fall 

into one of two general categori e s . The first of thes e are 



studi e s  d e signed to d e termine water quali ty at a singl e point 

or at i solated points . Sampling o c curs at vari ed i nt ervals 

and at one or more unre lated sampling stati ons over a pro� 

tra cted period of time . The s e c ond general cat egory i s  de­

signed t o  d e t e rmine changing wat er quali ty in a stream system 

as the water moves downstream .  This i nvolve s a seri e s  of re­

lated s ampling stations whi ch are s elec ted to reflect instan­

taneous change s i n  water quality .  Water samples are col l e cted 

at fre quent intervals for a limit ed peri od of time . 

Ac co rding t o  Kittrell ( l969 ) there have probably b e e n  as 

many obje ct i ve s  of water quali ty s tudie s as there have b e en 

studi e s . Among the many ob je ctive s li sted are: 

1) e st abli shment of a base line re cord of water qual i ty 

2) investi gati on of sui tab il i ty for propagation of aquat­

i c  life 

3) survei llan ce to det e c t  adherence to or violation of 

wat er quali ty standards 

4) det e rmination of cau s e s  of fish kills or other disas­

ters involving d e t e ri orati on i n  wat er qual i ty 

5) re s e ar ch on methods of s tream studi es. 

The s e  repre s ent only a few of the po ssible ob je ct i ve s  of. 

stream stud i e s . 

The chemi stry of water i s  of major importan ce in deter­

mining wate r  quality.  The effect certain water chemi stry pa­

rameters have upon aquati c e c osystems warrants that i nve sti­

gators monitor them . Such parameters as pho sphat e and ni trate 

l evel s , temperature, d i s solve d  oxygen , and turb i di ty are usual­

ly components of wat e r  chemi stry studi es. Many other param-



4 

eters are als o  monitored dep ending upon the circumstances and 

ob jecti ve s  of ea ch individual study . Elli s, We stfall, and 

Ellis ( 194$) give a rather compl e t e  l i s ting of the mo re common 

wat er chemi stry parameters whi l e  Standard Methods ( Anon . , 197lb) 

outlines the most recent analyti cal pro c edures . 

Detai l ed chemi cal studi e s  of st ream syst ems are qui te c om­

mon. Harme son and Larson ( 1969) publis hed a '.10. year c ont inu­

ing study whi ch i n c luded 33 Illinoi s streams and rivers . 

Inventori es o f fi sh spe c ie s  pre s e nt in a s tream system 

often a c c ompany water chemi stry data i n  det ermi ning relative 

water quality . The earl i e s t  c ensu s e s  of Il linoi s  stre ams were 

mad e  by Jordan (1$ 7$) and Forb e s  and Ri chardson ( 19 20) .  The 

early work of the s e  pi one ers in the i r  field proved invaluab l e  

during later years when Illino i s  streams were re surveyed . 

Smith ( 1971) noted the ab s e n c e  of s everal spe c i e s  formerly re­

ported in Illi noi s  streams . 

Water chemistry and biologi cal indi c e s  are major factors 

in determining wat e r  quality of a stream syst em .  I t  was with 

the s e  fa ctors in mind that a limno logi cal and i chthyo�aunal 

study of Ro cky Bran c h, C lark C ounty, I llinois was unde rtaken . 

� Study � 
Ro cky Branch Nature Pre s e rve i s  l o cated approximately 9 . 7  

kilomete rs northwe st o f  Marshall, I llinoi s  ( Fig. 1) . The Pre­

s e rve, whi ch i s  owned by the I llinois Nature C onservancy and 

administered by Eastern I llinoi s Universi ty, is l o c ated in 

secti on 29 and JO, T 12 N ,  R 12 W, of C lark County , I llino i s  

( Anon., 1971c ) . The Pre s e rve encompasses approximately 300 
acre s� H e llinga a nd Ebinge r ( 19 70) state that Rocky Branch 
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2 -

-·-·-· 1ntermittent 
stream 

� Bridge 

===Road 

Figure 1. Location of Rocky Branch Preserv e , Clark County, 
Illinois and sampling stations I - IV for the study con­
ducted from S eptember 15 , 1972 to May 8, 19 73 . 

VI 
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. i s  situated on the t i l l  of the I llinoian gla c i er about 16 

ki lome t ers s outh of the Shelbyvi l l e  Moraine, the terminal mo­

raine of the Wi s consin gla cier .  The Rocky Bran ch area i s  char­

acterized by ste ep- sided sandstone out croppings and hi l l s i de s , 

many o f  whi ch are 15 t o  18 meters from base t o  top . During 

flood stage Stover (1930) r eport s  that water in Rocky Branch 

may rise as mu ch as 2.5 meters above i ts gravel and s andstone 

b ed. This author has ob s e rved wat er l evel s  as high as 1.2 to 

1.5 meters above the stream bed. Rocky Branch, the main creek 

running through the Pre s e rve , and its tributari es have c arve d  

the sandstone c li ffs into a beautiful gorge cove red with mosses 

and l i verwort s . 

Hel linga and Ebinger (1970) report that the area i s  a rem­

nant of the typi cal forest ass o ci ate d with the deep vall eys of 

east-c entral I llinois l ocated on Illinoian till . They report 

445 sp ecies of vascular plants in 97 famil i e s . Of this number 

120 taxa reporte d  had not p revi o usly b e en rec orded from Clark 

County. 

Evers (1963) includes Ro cky B ranch Pre s e rve i n  a list of 

unusual and unique sites in I llinois . He describes the are a  

as being c hi efly d e c i duous fore s t  with the upland areas con­

sisting of oak and hicko ry. The vegetati on of the drier ra­

vine slopes is c ompos e d  of black oak, red oak, and shagbark 

hickory whi l e the moist ravine slopes sustain a b e e ch ,  hard 

maple , and dogwood fore s t .  C onoc e phalum c oni cum is a s p e c ies 

of liverwort typi cally abundant on the sandstone c l iffs ( Evers , 

1963). 
Ro c ky  Branch has long been consi dered unique from a bo-
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tani cal standpoint .  Stove r ( 1930 ) published the first floral 

list for the Pre s e rve . S i n c e  that time s e veral other authors 

·have studi ed the flora of the area. Vaughan ( 1941 ) c ondu c t e d  

an extensive survey of t h e  area's bryophyt e s  while Wi edman 

( 1971 ) surveyed the li chen flora . He llinga and Ebi nger ( 19 70 ) 
made an ext ens i ve survey of the Pre s e rve's vas c ular plants . 

Rocky Branch , the small stream running through the Pre­

s e rve, is approximately 2 . 4  kilome t ers i n  l ength . I t  has i t s  

origin i n  t h e  eas t e rn half of s e ction 30, !. 12 R, R,12 W>and 

empti e s  into the We st Fork of B i g  C re ek in se cti on 29 of the 

same township (Anon., 1971c ) . The stream is relatively shal­

low throughout i t s  c ourse , averagi ng approximat e ly 2 5  c enti­

meters i n  depth . . The de epest s e cti o n  o f  the s t ream i s  a pool 

approximate ly 1. 7 meters de ep near the we st edge o f  th e Pre­

serve. The stream's average width i s  1.5 meters wi th the widest 

section o c c urring near its confluenc e with the West Fork of 

Big Cre ek, tpe Pre s erve's northwe st boundary. The stream's 

velo city i s  fai rly rapid with many ri ffl e s  and pools , whi l e  

the bottom i s  composed o f  fine-grained sand and gravel . 
The northwe st boundary o f  Ro c ky Branch i s  delimit e d  by 

the We st Fork of B i g  C reek. The West Fork i s  generally larger 

t han Ro cky Branch with an average width of 6 me ters and a depth 

of 42 c entimeters . Many small fal l s  and l�rge riffles tend 

to make the stream's ve l o c i ty somewhat greater than that of 
J 

Ro cky B ranch . The stream b ed i s  composed of fi ne-grained to 

course sand, large pebble s , and ro c k .  The We st Fork eventually 

joins with Bi g Cre ek whi ch i s  a tributary of the Wabash River . 

The general drainage area, whi ch i n clude s the Wabash Riv-
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er, c ontains s everal unc o mmon spe c i e s  of fish , a c cording to 

Smith ( 19 71 ) . To the pre s ent no studi e s  o f  water quality nor 

recent stud i e s  o f  the fi sh spe c i e s  found in Rocky B ranch had 

b een made.  It i s  the author's hope that thi s s tudy will c on-

tribute to the information already c ollect e d  c o n c erning Ro cky 

Branch Nature Pre serve and increas e  the knowle dge nec e s sary 

to c onserve the uni que resour c e s  of the are a . 
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Methods 

Water sampli ng stations we re e s tabli shed at four points 

within the study area . Two stations were lo cated at 1 . 2  kilo­

meter intervals on Rocky Bran c h  C reek just b e low the jun cture 

of small inte rmittant tributari es . The remaining two s tations 

were l o cated about 1 . 2 kilome t e rs upstream and downstream from 

the c onfluence of Rocky Branch with the We s t  Fo rk of Big Cre ek . 

Water samples were c ollec ted at two we ek intervals from S eptem­

ber 9 ,  1972 to May S, 1973. During September and May only one 

sample was taken . 

Plasti c  1 l i t e r  b ottl e s  were used to colle c t  water samples 

at each site . A l l  of the sample s  we re returned to the Eastern 

Illino i s  Univers i ty Water Quality Lab for analysis . Total pho s ­

phate s ,  orthopho sphate s , c ondensed pho sphate , nitrate ,  total 

iro n ,  turb idity, and sulfates were determined according to Hach 

C olormetric Me thods (Anon . , 1967b). For these parame t e rs a 

Hach AC-DR Colorime ter was used . Hach (Anon. , 1967b) titrame t­

ri c methods were used to de termine total hardne s s  and alkalinity . 

A Sargent-Wel ch Mode l  LS Me ter was employed to d etermine 

pH of each s ample.  The condu ctivity of each sample was re c orded 

by a Hac h  Model 2200 Condu ctivi ty Me te r  (Anon . , 1971a). 

Di s s o lved oxygen for e a ch sampling station was initially 

determined by the Winkl e r  Method while late r in the s tudy a 
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YSI Model 54 Oxygen Met er and Probe were used . Checks were 

made periodi cally to ensure the ac curacy of the YSI M eter by 

running a Winkler dissolved oxyg en and comparing the results . 

Temperature was re corded at each sampling station by sus­

pending a standard laboratory thermometer in the stream for 

no less  than 15 minutes . 

Fish collections were made by trapping and seining .  A 

standard minnow trap containing various baits  was left over 

night in th e deeper hole s  along the stream .  Seining was ac­

complished by a three man team dragging a 2.4 m eter by .9 m e­

ter ,  .2 centimeter mesh net upstream .  Two men hauled the seine 

whil e the third walked toward th e seine ki cking up the riffles . 

Du e to the length of  the cre ek i t  was possible to  seine the 

entire stream several time s . A total of 10 s eining trips was 

made to the area . 

A representative of each spe cies  en countered was removed 

from the stream and preserved in 10� formalin . No attempt was 

mad e to preserve the entire cat ch for later calculations of 

relative abundance . It was felt that the removal of large 

numbers of fish from the Nature Preserve was not warrant ed .  

However , the author did not e  the more comm on spe ci e s . Fish 

sampling was conducted only on Ro cky Branch and not on the 

West Fork of Big Creek. 

Trautman (1957), Eddy (1969), and Hubb s and Lagl er (1958) 

hav e publi shed keys whi ch aided in the identification of the 

fishes from Ro cky Branch . 
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Description of Sampling Stations 

Station I 

Station I (Fig. 1 )  was located at the extreme western 

edge of the Rocky Branch Nature Preserve. Samples were taken 

on the creek five meters below a small tributary which drained 

farm and pasture lands located to the southwest. At thi s  lo­

cation the creek is approximately 2.1 meters in width and usu­

ally 20 to 25 centimeters in depth. Stream velocity at the 

sampling point is fairly rapid due to an upstream riffle area. 

Bottom sediments are composed of a 'fine-grained sand and grav­

el mixture as well as what appeared to be large slabs of slate 

which were scattered intermittantly. The south bank of the 

�reek is an extremely steep sandstone cliff supporting numer­

ous bryophytes while the north bank i s  relatively flat and 

covered with a dense shrub-sapling community. The north bank 

is an old abandoned fie ld undergoing an early stage of plant 

succession. 

Station II 

Station II ( Fig. 1) was located approximately 1.2 kilo­

meters downstream from Station I. At thi s  point a small inter­

mittant stream drains a large, steep forested area located on 

Rocky Branch's south bank. The north bank is a flat, heavily­

forested floodplain area. Fine-grained sand and gravel make 
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u p  the bottom s ediment. A t  thi s poi nt, the stream is approx-

imately 1.8 meters wide and 12 to 18 centimet ers d e e p .  Stream 

velocity is fairly rapid due to upstream ri ffle areas. 

Stati on III 

Stati o n  III (Fig. 1) was locat ed about 1.2 ki lome t e rs up­

stream from the confluence of Rocky Branch with the We st Fo rk 

of Bi g C re ek. A t  thi s station the We st Fork is approximat ely 

5.5 meters wide and 45 centimet e rs deep . The stream bottom i s  

c omposed of coars e gravel and pebbles as well as fine sand . 

Due to the ab s ence of riffles near thi s stati on , the stream's 

veloci ty i s  rather slow. The s outhwes t  bank of the West Fork 

i s  a heavi ly-wooded ste ep hill whi l e  the northeast bank i s  a 

gently rolling plowed field . Only a small green b e lt of grass e s  

and a few sycamores s e parat e s  the fi eld from the stream .  

Station IV 

Stati on IV. ( Fig. 1) wa s l o c ated approximately 2.4 kilo­

meters downstream form Station III and approximat e ly 1.2 kilo­

meters from the mouth of Rocky Branch. The We st Fork of Bi g 

Creek i s  7.6 to 9 meters wi d e  and 45 to 60 c enti met e rs deep 

at thi s sta ti on. The cre e k  i s  crossed by a concre t e  bridge 

and road whi ch make s  it ea s ily a cce s s i ble.  A large ri ffle 

area whi ch i s  located just upstream from the sampling site 

caus es a marked increas e in stream ve loci ty . The bottom i s  

composed of c oars e gravel ,  pebbl e s , and fine-grai ned sand. 

Both stream banks are somewhat s t e e p  and lined with vari ous 

shrub s and gras s e s . The bank area has the appearance of hav­

ing b ee n  cl eared at one time. 
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Re sults 

The data colle cted for the vari o us chemical and physi cal 

parame t e rs which were considered are pre sented in Figure s 2 

through 14. 

Mean value s and the range s for the physical and chemical 

paramete rs at each sampling station are recorded in Tab l e  1-

Tab l e  2 relates biochemi cal oxygen d emand data c olle cted 

on six date s .  Tab l e  3 l i s t s  the dat e s  and re sults o f  turb id­

ity _reading s . 

Lists of fishe s coll e ct e d  during the c ourse of the Rocky 

Branch study are pre s ente d  in Table 4 .  This table also lists 

the type of habitat in which the y  were coll e ct e d , fami ly, and 

relative abundan c e  of each. 
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Table 1. Range s for the parameters moni to red on the We st Fo rk 
of Big Creek and Rocky Branch , Clark County, I l lino i s ,  b etwe en 
S eptemb e r  15, 1972 and May 8, 1973 . The means for e a c h  station 
appear in parenthe s i s . 

Station Numb e r  
Parameter 

I I I  II I I V  

pH 7.2-8.0 7 . 2-7 . 9  7.}-8 . 3  7 . 1-8.2 
(7.5) (7.4) (7 . 8) ( 7 .  7) 

1'X D i s solved o2 6.2-9.2 4 . 5-9 . 2  6 . 6-8 . 5  6.0-8 . 6  
(mg/l) ( 8.0) (7.5) ( 7 .  5) (7.4 )  

BOD (mg/l) 1 . 1-2 . 6 1.0-2.1 1 . 9-3 . 2  1.8-2.5 
(2.0) ( 1.8) (2.0) (2 . 0) 

Turb idity (JTU ) 0-35 0-30 0-85 0-90 
( 13) ( 14) ( 28) (28 ) 

.. Conductivi ty 55-210 70-210 130-260 125-250 
(mg/l) ( 147) ( 149) (207) (211 ) 

Total Hardne s s  100-250 .115-250 190-350 200-380 
( mg/l ) (172) (183) (260) (278) 

Alkalini ty 20-15 5  50-150 110-230 100-250 
(mg/l) ( 109) ( 113) ( 170) (178 ) 

Sulfate s  (mg/l) 37-95 35-105' 30-110. 35-80 
(69) (5 5) ( 57) ( 5 5) 

Total I ron 0-.15 0-.15 0-.20 0-.30 
(mg/l) ( .06) ( .04) (. 04) ( . 06) 

Ni trate ( mg/l ) 8 . 8-41. 8 4. 4-27. 5 9.0-38 . 5  10.0-44.0 
( 19. 5 )  ( 14 .  3) ( 19. 5) (20 . 9) 

Nitri te (mg/l) .01-.05 . 01- . 05 . 02-.09 . 02- . 09 
(.03) ( . 03) (. 05 ) . ( .05) 

Total Pho sphate • 20- . 90 . 20-1 . 0  .30- . 90 .25-.90 
(mg/l) ( .  47) (. 48) (. 47) ( .48) 

Orthophosphat e .01- . 15 . 01- . 30 .02- . 25  .02-.35 
(mg/l) ( . 10) ( . 11) ( .14) ( .17) 

Condensed Pho sphate .15- . 80 . 01-.90 .15- . 60 .05-.65 
( mg/l ) ( . 38 )  (. 37 ) ( . 33) ( . 31 )  
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Table 2. B i o chemi c al oxyg en demand (mg/l BOD ) for the sampling 
stat i ons e s tabli shed on Ro cky Branch and the We st Fork of Big 
Cre ek,  Clark County, I llinoi s  b etwe en De c ember 30 ,  19 72 and 
May S, 19 73 

Sampling Date 

De c emb e r  30, 19 72 

January 15, 1973 

February 28 , 19 73 

March 16 , 19 73 

April 29 , 1973 

May 8 ,  19 73 

! 

1.1 

1.6 

2 .0 

2 .1 

2.6 

2 .4 

Station 

II 

1 . 0 

1 . 8  

l.$ 

2 .0 

2 .1 

1 . 9 

Numb er 

I I I  I V  

1 . 8  1 . 9 

2.0 2.3 
2 .5 2.1 

2 .2 1.8 

3.2 2.5 

2 .6 2.0 
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Table 3. Turbidity readings (in JTUs ) for 8 of the 16 sampling 
dates at all sampling stations on Rocky Branch and the West 
Fork of Big Creek, Clark County, Illinois between September 15, 
1972 and May 8 ,  1973. The sampling dates not shown recorded 
zero JTU readings. 

Station Number 
.sampling Dates 

I I I  I I I  I V  

September 15, 19 72 5 g 10 10 

October 16, 1972 10 10 10 10 

October 30, 1972 10 15 15 15 
November 16, 1972 15 10 15 20 

November 30, 1972 0 5 5 5 
December 30, 1972 12 30 85 90 

February 28 , 19 73 . 2  0 8 5 
March 16, 1973 35 20 45 40 



Table 4. Fishes collected, relative abundance, and habitat in Rocky Branch Nature Pre-
serve between September 9, 1972 and May 8, 1973. 

· 

Spe cies Family Habitat *Abundance 

� Catostomus commersoni Cat'ostomidae pool common 

;,,, Erimyzon oblongus Catostomidae pool rare 

Hypent�l.i.lJ.I?l n_ig�t_q_a_n� Catostomidae pool rare 

·.;t.. Lepomis cyanellus Centrarchidae p ool rare 

··� Lepomis macrochirus Centrarchidae pool rare 

Ictalurus melas Ictaluridae pool rar e 

Etheostoma caeruleum Percidae riffle common 

Etheostoma flabellare Percidae riffle common 

� Etheostoma nigrum Pe rcidae riffle common 

Campostoma 2.nQ_Il!Cl.lum Cyprinidae pool/flow/riffle abundant 

Chrosomus erythroga�t�� Cyprinidae pool/flow common 

.;k Ericymba _l:rµ.ccata Cyprinidae pool/flow/rif fle abundant 

4 Notropis ch!:I;socephalus Cyprinidae pool common 
*rare: only 1-4 specimens seen 
common: 60-80 specimens seen 
abundant: 80-100 specimens per seine hall VJ 

a 



Table 4--Continued. 

Species 

Pimephales notatus 

Rhinichthys atratulus 

Semotilus atromaculatus 

Family 

Cyprinidae · 

Cyprinidae 

Cyprinidae 

*rare-: -o:nry i..;:4 -specimens seen 
common: 60-100 specimens seen 
abundant: 80-100 specimens per seine haul 

Habitat 

pool/flow 

pool/flow 

pool/flow/riffle 

*Abundance 

common 

common 

abundant 

w 
� 
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D i s cussion 

The Ro cky Branch Nature Preserve , located in the north­

western corner  of  Clark C ounty, has long b e en considered a 

uni que  se ction of C entral I llinois  (Evers , 1963) . Stover 

(1930) published the first floral list for the area . Since 

that time numerous botani cal studies  have been conducted with-

in the boundari es of the Preserve . 

Rocky Branch , the small· creek bise cting the Preserve , 

represents one of  the dominant· features of th e area' s  ter­

rain . High sandstone cliffs bordering the cre ek bed testify 

to the erosional powers of running water . 

While many studies concerning the flora of the region 

have been conducted , no similar studie s  have b e en undertaken 

with regard to  the water quality or fish species  present in 

the creek . During the course of thi s  study the stream' s fish 

population and wat er quality were examined . 

Fishes of Ro cky Branch 

An extensive survey of the fi shes of Ro cky Branch was con­

ducted . S eining and trapping were the primary means employed 

to colle ct spe cimens from the stream .  Due to the narrow width , 

shallowness , and clarity of  the creek it  was possible to seine 

an area with very few fishes es caping . 

Rocky Branch Nature Preserve supports a large fi sh popu-
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lation wi thin i ts b oundari e s . No attempt was made during 

this study to make a statisti cal analysis o f  thi s population. 

A total of 16 speci es repre s enting five fami l i e s  was collect­

ed ( Table 4). 
Se ven of th e 16 spe ci es tak en were cyprinids , with Eri­

cymba buccata , Campostoma anomalum , and S emotilus atromaculatus 

by far the mos t frequently encount ered . All three were abun­

dant throughout the c ours e  of the creek and were c o lle cted in 

pools, flows, and riffl e areas . Two unusual spe c i e s  for eas t­

central Illinois proved to occur qui t e  commonly in Ro cky Branch. 

Smith ( 1965) ll'sts C hrosomus e rythrogas t er and Rhinichthys �­

tulus as oc curring sporadically in the extr eme eastern part of 

the state . The s e  t wo speci e s  were qui t e  c ommon at Rocky Bran ch . 

A class i ficat ion of the st reams of Illinois (Smith, 1971) l i s t s  

Big Cre ek, to whi c h  Rocky Branch i s  a tributary , among e ast­

central Illinoi s  waterways c ontaining unusual fi sh sp e c i e s . 

Smith noted four spe c i e s, Chrosomus erythrogaster,_ Rhinichthys 

atratulus , Notropis b o ops ,  and Etheostoma blenno i d e s, a s  oc cur­

.ring in the Wab ash River- B ig C reek drainage are a. Two of the 

four not ed can be found in Roc ky Branch. 

Darters ... ( Pe rci da e ) were the s e cond most abundant fish c ol­

l e c t ed. Thre e speci e s  Eth eostoma cae rul eum , !· flab ellare , and 

!· nigrum were extreme ly common and c oll e c t ed p rimarily from 

riffle areas . Perc i d s  gene rally i nhabit relatively clean, fast­

moving streams with sandy or grav el bottoms ( Hu�b s  and Lagler., 

1958). 

Catos tomidae, C entrarchi dae , and I ctaluridae are the re­

maining thr e e  famili es found in Rocky Branch. Of the s e  only 
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Catostomidae was represented in large numbers . Catostomus 

commersoni was abundant and collected from only the larger 

pools in the stream. The presence  of Hypentelium nigri cans , 

although rare, indi cates good water quality. Lepomis cyanel­

� and 1· macrochirus (Centrarchidae) were noted on s everal 

o c casions but were always rare.  Ictalurus melas ( I ctaluridae ) 

was collected only one time from a pool area. 

Rocky Branch supports  a vari ety of e cologi cal ni ches 

which vari ou s fish species  can o c cupy . Thi s perhaps accounts 

for the variety of species found in such a small stream .  Lag­

ler , Bardach , and Miller (1962) note that portions of a stream 

can be divided into distinct areas such as riffles, pools , 

flows , and flood waters . · c olle ctions at Ro cky Branch were made 

in riffles , pools, and flows and yielded fish species  char­

a cteri sti c to· each . Percids were almost always confined to 

fast-moving riffles while  catostomids were always found in 
pooled areas . These  results are consistant with Lagle r  et al. 

( 1962). 
Water Quality 

A ccording to Mackenthun (1969) the constituents of water 

quality analysi s  are temperature , dissolved oxygen , pH, light , 

flow, silt, oil , major nutri ents, mi cronutrients , and toxi c 

substances .  The Federal Water Pollution Control Administra­

tion , based in Washington , D.C., has set  up standards which 

can be used ·as guidelines in determining water quali ty (Anon., 
1968). These standards often place  limits on the "constitu­

ents" for water quality .  The limits are set with not only 

potable water as an obje ctive but also a healthy aquati c com-
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munity� 

In order to  analyz e  the various constituents for water 

quality , numerous chemi cal and physi cal paramet ers must  b e  con­

sidered . Mackenthun ( 1969 ) , Ellis et  al . ( 1948 ) , Harmeson and 

Larson ( 1969) ,  and Ki ttrel} ( 1969 ) have done a considerable 

amount of res earch concerning water quality . Their various 

studie s  inc lude such parameters as water t emperature , pH , dis­

solved oxygen , phosphates , nitrate ,  ni trite , sulfate , hardness ,  

alkalinity , conductivity , and turbidi ty . Biological oxygen de­

mand i s  also frequent ly referred to in water quality studies . 

Standard Methods ( Anon . , 19 71b ) provides the analyti cal infor­

mation ne cessary while  Hach ( Anon . , 1967b ) provides a fi eld 

kit for conduction of the ·maj ority of tests required in water 

quality studie s . 

The need ·  for such studies i s  apparent . Agri cultural , in­

dustrial , and muni cipal pollution of waterways i s  a common o c­

currenc e  and only through stream monitoring can that pollution 

b e  detected and perhaps reversed . A record of a waterway ' s  

previous condition can prove invaluable  in later years when 

trying to d et ermine what changes  have taken plac e  over a peri­

od of time . Such a record is  even more important in unique 

areas , as is the case with Rocky Branch Nature Preserve . 

Rocky Branch i s  the major stream draining the 300 acres 

of the Pres erve . I t can best be described as  a clear , fast­

flowing stream composed of alternating pooled and riffled ar­

eas . Several intermittent streams draining surrounding farm 

land enter Ro cky Branch along its course .  The Branch even­

tually joins with the West  Fork of Big C reek whi ch flows into 



Big Creek and then into the Wabash River . The West Fork de­

limits Ro cky Branch Nature Preserve ' s  northwestern boundary 

and drains a considerable amount of surrounding farm land . 

These  two streams were sampled and water quality data were 

gathered over an eight month period . 

A tabulation of the data collected appears in Figures 2 

through 14 and Tables 1 through J .  The paramet ers studi ed 

will be  dis cuss ed individually .  

Temperature 

3 6 

Mackenthun ( 1969) lists temperature as one of the most 

important physi cal parameters to b e  measured in an aquati c 

community . Extreme s in temperature can activate , depress , re­

stri ct ,  or kill the organi sms present . Indeed , temperature 

ranges determine the aquati c spe cies  present , spawning , hatch­

ing , growth , and development rate . 

Stream temperature i s  also criti cal from the standpoint 

of dissolved gases . Gas solubility in water , oxygen included , 

is  inversely proportional to the water temperature . I n fresh 

water , the solubility of oxygen i s  decreased by 5 5% as the 

temperature rises  from 0 degrees C entigrade to 40 degrees  C en­

tigrade ( Mackenthun , 1969) . Since all aquati c life depends 

upon oxygen , this fact is  of utmost importance . Stream tem­

perature variations are the result of climati c and geologi c 

phenomena . 

According to Wel ch ( 19 52) lotic  environments differ from 

lenti c envi ronments by thre e principle features :  loti c waters 

are uniform in temperature at all depths , there i s  a tendency 

for flowing waters to mirror the ambient temperature , and ther-
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mal stratifi cati on is  virtually absent . Where t emperature 

variations are present they are generally slight and due to 

such things as current velo city ,  shading , time of day , and to 

a lesser degree , depth . 

Temperature at the sampling stations located on Ro cky 

Branch and Big Creek ranged from 1 degree C entigrade to 16 . 5 

degrees  C entigrade and refle cted the season of the year when 

they were re corded ( Fig . 2 ) . All of the stations sampled 

were usually within 1 degree of each other whil e  the West 

Fork sites ( II I , IV ) were generally warmer . Thi s  was prob­

ably due to the lack of dire ct shade provided by the high 

sandstone cliffs and dense foliage near Ro cky Branch ( sta­

tions I and II ) .  

Water Quality Criteria ( Anon_. , 19 68 )  notes that fixed 

temperature limits  are not feasible  because of the variation 

exhibited by surfac e  water due t o  geographi cal location and 

climati c conditions . However , they do consider a more than 

5 degre e ( rahrenhei t ) water temperature increas e , in excess  of 

that  caused by ambi ent conditions , to  detra ct from raw water 

quality .  Such conditions could only b e  caused by  thermal pol­

lutants or hot springs . At no time during the study did the 

four sampling stati ons exceed this limit . 

Turbidity 

Duchrow and Everhart ( 19 71) define turbidity as an opti­

cal expression of finely divided material suspended in a sam­

ple with the standard unit of measurement the Jackson Turbid­

i ty Unit ( JTU ) . Their studi es  have shown that settlable solids 

are the greate st contributors to  light reduction in turbidi-



metri c measurements .  

Large quantiti es  of suspended solids are detrimental to 

aquati c  organisms . Rocks , rubble , gravel , and other large 

parti cles producing abrasive effe cts on organi sms are found 
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only i n  s'Wift water , while turbidity exerts indire ct harmful 

effects upon bottom fauna through light exclusion in all types 

of water .  Stroud ( 1967 ) notes  that heavy sedimentation de­

stroys organisms having holdfast structures ,  affe cts sight­

feeding fishes , acts as an abrasive on gills , and destroys 

breeding grounds by siltati on . Studi e s  c onducted by Buck ( 1956) 

note a decrease in fish growth 'With an increase in turbidity . 

Excessive siltation of  a stream or other body of water can re­

duce  fishing suc cess  as well as detract from the aestheti c ap­

pearance  of the area ( Mackenthun , 1969 ) . 

The greatest ranges in turbidity , a c cording t o  Wel ch ( 1952 ) , 

o c cur in running water . He states  that high turbidity i s  a 

permanent feature in some stream systems while it  i s  s easonal 

in others . High - precipitation and runoff from surrounding 

areas usually result in higher turbidity readings . 

Rocky Branch and the West Fork of Big Creek are both rel­

atively clear streams whi ch show an increase in turbidity on­

ly follo'Wing heavy rain storms . Of  the 16 sampling dates , 

only s even had a measurable  turbidity reading ( Table 3 ) . Sta­

tions IV and V had high readings of 85 and 90 J TUs following 

a heavy rainstorm on Dec ember  30, 1972 . The Ro cky Branch sam­

pling stations I and II also showed an increase in turbidity 

on this dat e . However , the Branch ' s  high of 3 5  JTUs was not 

recorded until March 16 , 1973 at station I. 
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The present standards  governing the turbidity of stream 

systems and lake s are concerned primarily with the water ' s  

potability .  Standard Methods ( Anon� , 19 71b ) states that a 

maximum of 5 JTUs  in treated or delivered water is  the level 

at whi ch this chara cteristi c becomes ob j e ctionable to a large 

number of consumers . Water Quality C riteria ( Anon . , 1968 )  

establish a maximum dis charge of water containing 50 Jackson 

Units  into warm water streams . Dis charges into warm and c old 

water lakes are set at 25 and 10 J TUs , respe ctively .  

Ellis  ( 1936 ) feels that the increasing loss  o f  surface  

soil  by  ero s i on c an b e  correlated with higher turbidity read­

ings in streams and lakes following periods of heavy pre cipi­

tation . Poor farming pra cti c es and land management increase 

the amount of erosional silt carri ed into a stream system by 

surface  runoff . The relatively higher turbidi ty readings re­

corded for the West Fork of Big Creek can probably be  attri­

buted to higher amounts of erosional silt . The West Fork 

drains a larger ,  more heavi ly farmed area than Rocky Branch 

and therefore would carry more suspended material . However , 

Ro cky Branch and the West  Fork carry less  erosional silt and 

have lower turbidi ty readings than similar streams studied in 

neighboring Coles County , I llinoi s ( Durham and Whitley , 1971 ) . 

Once  again this can be  attributed to less  extensive farming 

practi ces  in Clark C ounty , Illinois .-

M 
The pH of a stream or lake can be  criti cal to the fauna 

and flora of  that b ody of water . An extremely high or low pH 

can drasti cally alt er the aquati c community . A c cording to 
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S tandard Methods ( Anon . , 1971b ) the pH of most  natural waters 

falls wi thin a range of 4 to 9 .  The maj ority o f  thes e  waters 

are slightly alkaline due to the presence of carbonate and bi­

carbonate . A pH of 7 . 0 at 25 degrees  C entigrade repres ents 

exact neutrality on a s cale ranging from 0 to 14 . The low 

side of neutral is an acidi c reading while  the high side i s  

a basic o r  alkaline reading . 

Stroud ( 1967 ) states that pH values should not be  permit­

ted to fall b elow 5 . 0  or exceed 9 . 5 for any long period of 

time . He  also states  that a pH level b etween 6 . 5 and 8 . 5  is  

ne cessary for good game fish  production . Howeve r ,  extremes 

well below a pH level of 4 . 0 and above 10 . 0  can be  tolerated 

by c ertain resistant fishes for indefinite peri ods of time 

( Mackenthun , 1969 ) . 

The drasti c alteration of a stream or lake pH level can 

usually be attributed to  the dumping of  acidi c or basi c waste 

material into i t . Minor fluctuati ons of pH are to be  expe cted 

and can b e  traced to  a vari ety of causes . De composition and/or 

respiration tends to  reduce  pH and increase  bi carbonates  while 

the tendency o f  photosynthesis i s  to rai se pH and reduce  bi­

carbonates  ( Mackenthun , 1969 ) .  Cowles and S chwitolla ( 1923 )  

state that when water flows rapidly over a clean bed , most 

notably at falls and riffles , the pH i s  rai s ed , probably as 
a result of aeration .  

Sampling stati ons I and II , lo cated on Ro cky Branch , and 

II� and IV , located on the West Fork of Big Creek , were always 
-

well within the range of pH levels  suggested by various authors 

( Fig . 3 ) . The pH of Ro cky Branch ranged from 7 . 2 to 8 . 0  while  
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the West Fork ranged from 7 . 1 to  8 . 3 .  These  represent levels 

well within the optimum for the production of game fish as 

suggested by Stroud ( 1967 ) .  

The West Fork generally had a higher pH than Ro cky Branch 

whi ch could probably be attributed to its larger si z e  and great­

er velocity . I f  Cowles  and S chwitolla ( 1923) are corre ct , the 

increased aeration of the West Fork would account for its  slight­

ly higher pH . 

A c cording to Warren ( 1971) limesone and other forms of  

calcium carbonate ( Caco3 ) dissolve readily in  water containing 

carbon dioxide .  The carboni c acid in the water reacts with 

cal cium carbonate yielding the highly soluble cal cium bi car­

bonate ( Ca ( HC03 ) ) ,  whi ch exists only in solution . Natural wa­

ters with an alkaline pH contain a high concentration of bi­

carbonates while an acid pH lacks the bi carbonates . Soils 

ri ch in carbonates and bi carbonates are responsible for the 

high pH .  This a c counts for the alkaline pH levels re corded at 

the four sampling site s . 

Dissolved Oxygen 

A c cording to Ellis et al . ( 1948) the ac curate determina­

tion of  dissolved oxygen i s  highly important in water quality 

studies be cause oxygen i s  indispensable to fishes and other 

aquati c organisms . The knowledge of the exact amount of dis� 

solved oxygen i s  also essential in solving many problems whi ch 

confront the aquati c biologist . 

Oxygen i s  one of the essential ingredients for maintain­

ing the metaboli c pro cesses  whi ch produce  energy for growth 

and reproduction . Oxygen enters the aquati c c ommunity by 
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three different means . Oxygen can enter the aquati c e cosyst em 

by absorption dire ctly from the atmosphere , by photosynthesi s , 

or  by surface  water agitation by wind and waves .  Oxygen may 

be  removed from the system by respiration , de composition , or 

direct loss back to the atmosphere . Photosynthesis , the proc­

ess  by whi ch plants uti li z e  carbon dioxide  and liberate oxygen , 

accounts for the greatest proportion of  oxygen to be  found 

within a body of water { Mackenthun , 1969) . Respiration and 

decomposition , a c cording t o  Mackenthun ( 1969) , result in just 

the opposite  effect . Animals and plants , either respiring or 

decomposing , utili z e  oxygen and liberate carbon dioxide . 

Oxygen levels in a b ody of water vary considerably de­

pending upon factors such · as water temperature , atmospheri c 

pressure , rate of flow, depth , · decomposition , pollutants ,  and 

many others . In Water Quality Criteria ( Anon . , 196 $) , the 

National Te chni cal Advi sory C ommittee suggests that a 5 mil­

ligrams per liter ( mg/l ) oxygen concentrati on b e  the lower 

limit for a diversifi ed warm water biota . The committee  fur­

ther states that oxygen concentrations can drop as low as 4 

mg/l for short intervals  during any 24 hour p eriod providing 

other water quality aspe cts are favorable .  For cold water 

environments ,  i t  is desirable  that oxygen concentrations b e  

at or near saturation . Doudoroff and Shumway ( 196 7) , however ,  

feel that i t  i s  diffi cult t o  fix definite  dissolved oxyg en 

level requirements for a species  of fish . While  they b elieve 

there i s  a need for definite  guidelines ,  they also feel more 

research is required . Their  studi es have shown that suc cess­

ful hatching , prolonged survival , and growth of young sal-



monids is possible in the laboratory at concentrations near 

3 mg/1. 
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Low concentrations of dissolved oxygen in a body of water 

alter the faunal makeup of the area. Mills, Starrett, and 

Bellrose (1966), reporting on the Illinois River, noted a def­

inite zonation of fish species based on oxygen concentrations. 

They state that carp and buffalo were the only fish found in 

water with a low dissolved oxygen concentration of 2.5 mg/1 

while a variety of fishes was found in an area of 4 mg/1. 

Dissolved oxygen concentration can affect more than fish 

location within a body of water. Lagler et al. (1962) report 

that decreasing oxygen pressure during embryonic development 

produces an increase in the number of vertebrae in Salmo trutta. 

Stream oxygen concentrati·ons are generally high and of­

ten near saturation for the existing temperature in unpolluted 

waterways. According to Welch (1952) this condition is due to 

the mechanics of stream current. Generally, declines in oxy­

gen concentration can be encountered only in deep holes, slow­

moving streams, under heavy ice cover, or during polluted con­

ditions (Welch, 1952). Welch (1952) feels that the main fac­

tors influencing the dissolved oxygen concentration in unmod­

ified streams are: character of stream flow, slope of channel, 

temperature, oxygen released by chlorophyll-bearing plants, 

oxygen consumed in respiration of biota, and oxygen consumed 

in the decay of organic deposits on the bottom. 

The concentrations of oxygen in Rocky Branch and the West 

Fork of Big Creek were usually well above the 5 mg/1 level 

(Fig. 4) recommended in Water Quality Criteria (Anon., 1968). 
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Only on one o c casion , Octooer 30 , 19 72 , at station II  did the 

oxygen c.oncentra:tion drop to  a level of  4. 5 mg/l .  On this 

date an unusual amount of de caying leaf matter had ac cumulated 

on the bottom . The decomposition o f  the leaves probably a c­

counts for the low reading � Throughout the rest of the study 

period high dissolved oxygen concentrations were re corded at 

all sampling sites . Thi s i s  consistant with Wel ch ( 19 52 )  who 

states that unpolluted running wat ers generally exhibit a high 

dissolved oxygen concentration . 

Bio chemi cal Oxygen Demand 

Bio chemi cal oxygen demand i s  the amount of oxygen required 

by aerob i c  mi croorgani sms to stabili z e  the organi c material of 

wastewater , wastewater treatment plant effluent , polluted wa­

ter , or industrial waste ( Marske and Pelkowski , 1972 ) . BOD 

i s  in fact an indirect  measurement of the oxygen-using mi cro­

organisms present in a sample and the rate  of decompo si tion 

taking place . The BOD test records  the decomposability of or­

gani c matter and thereby gives a measure of the pollution chaz­

a cteri sti cs  of a sample in terms of oxygen demand . 

Biochemi cal oxygen demand data for the Preserve area ap­

pear in Table 2 .  Data were recorded for only six sampling 

dates . · These  limited data indi cate a very low oxygen demand 

for all sampling sites . Stations I ,  III , and IV averaged 2 

mg/l BOD while station II . had an average of 1 . S mg/l BOD . A 

low BOD level i s  to  b e  expe cted in a relatively clean and fast­

moving stream.  Such is  the case with Rocky Branch and the 

West  Fork of Big Creek . 
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Hardness 

Kemp ( 19 71) and Standard Methods ( Anon . , 19 71b ) s tate 

that the hardness of a body of water was originally understood 

to be  a measure of the capa city of  the water for precipitating 

soap . Calcium and magnesium are the chief  ions found in flow­

ing water whi ch cause this precipitation reaction . Other el­

ements such as aluminum , iron , manganes e , strontium , zinc , and 

hydrogen ions can cause  the precipitation of soap . Sinc e  they 

are usually found only as trace  elements , they are insignifi­

cant ( Kemp , 1971 ). However if thes e  elements are present in 

suffi cient concentrations , they should not b e  overlooked as 

possible contributors to hardness values .  

Total hardness can be subdivided into two categories . 

When the amount of hardness i s · equal to or less than the t otal 

carbonate and bi carbonate alkalinity , it is designated as car­

bonate hardness . I f  the hardness exceeds that alkalinity , the 

excess  is called non- carb onate hardness ( Ellis et al . , 194$ ) . 
These  types of hardness are of prime importance  in water treat­

ment plants . I f  a large percentage of the total hardness  i s  

non- carbonate hardness , the s cale formed within the facility ' s  

equipment can be  expe cted to  be  hard and diffi cult to remove . 

The presence  of non- carbonate hardness  in water requires the 

use of a more expensive chemi cal in the lime softening pro cess 

( Harmeson and Larson , 1969 ) .  In general the effects o f  hard 

water are e conomi c and not harmful to one ' s  health or an aquat­

i c  ecosystem . 

The I :linois  State Water Survey has classifi ed hardness 

a c cording to  mg/l Caco3 as follows : 0- 75 , soft ; 75-12 5 , fairly 
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soft ; 12 5-2 50 , moderately hard ; 2 50-400 , hard ; and ove r  400 , 

very hard ( Harmeson and Larson , 1969 ) . Presently 88 . 5% of 

Illinois  water suppli es  have a hardness greater than 200 mg/l , 

and 26% greater than 400 mg/l ( Anon . , 1967c ) .  

Only total hardness was considered at Ro cky Branch and the 

West Fork of Big Creek . Water from the two streams is  not used 

for human c onsumption therefore no e conomi c importanc e  of non­

carbona te hardness in a water treatment plant exists . The in-

formation was gathered in o rder to have a record of the pres-

ent stream conditi on for future reference . 

Figure 6 shows the range of total hardness  re corded for 

the two streams . I f  the Illinois  State Water Survey classifi­

cation is used , Ro cky Branch can be classed as a moderately 

hard water stream ( 12 5- 2 50 mg/l C�co3 ) while  the West Fork 

would be considered a moderately hard to hard water stream 

( 12 5- 2 50 mg/l to 2 50-400 mg/l Caco3 ) . A normal fluctuation 

of hardness readings wa s  noted throughout the study period . 

Alkalinity 

Alkalinity of surface and ground water , like hardness  is  

important primarily from an e conomi c standpoint . Alkalinity , 

when related to hardness  and pH , i s  signifi cant to muni cipal 

and industrial users and to their  choi c e of wat er treatment 

pro cesses . Natural waters rarely c ontain a total alkalini ty 

so low as to adversely affe ct  an aquati c ecosystem ( Elli s et  

al � ,  1948 ) � Ellis  et al . , ( 1948 )  describe alkalinity as the 

kinds and quanti ties of compounds present in a body of water ·  

whi ch colle ctively shift the pH to the alkaline side of neu­

trality .  Standard Methods ( Anon . , 19 7lb ) goes one step far-
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ther by stating that alkalinity of a body of water is  the ca­

pacity of that water to a c c ept protons . Total alkalinity in­

cludes the bi carbonate ,  carbonate ,  and hydroxide component of 

a natural water supply . Of these  three forms the calcium car­

bonate form i s  by far the most  common while the hydroxide form 

can cause damage to  aquati c fauna when introduced as an in-

dustrial effluent ( Ellis et  al . , 194$ ) . 

Natural water supplies  in I llino i s  have a total alkalin­

ity ranging between 200 to 400 mg/l Caco3 ( Anon , , 1967c ) .  El­

lis et al . ( 19 4$ )  report that in unpolluted water supporting 

a good fish fauna the range i s  from 0 to 3 50 mg/l Caco3 , with 

usual expected values betwe en 45  and 200 mg/l . He states  that 

in these  values the carbonates  and bi carbonates have little 

dire ct effe ct on fi shes . However in streams with low carbon-

ate ranges ,  the natural buffering and neutrali zing effe ct pro­

vided by the carbonates against acid from acid pollution i s  

abs ent . Only low concentrations o f  carbonates are ne cessary 

to  sustain an adequate aquati c flora in ord er to  support fish 

life . Thi s  i s  evident from the excellent fish faunas support­

ed by mountain streams where carbonate levels are extremely 

low. 

Stream alkalinity i s  a relatively unimportant parameter 

to  be  considered in a limnologi cal study unless  the water i s  

ultimately t o  be  processed for muni cipal use . Carbonates are 

almost always present in suffi cient quantities to insure aquat-

i c  plant growth . Rocky Branch and the West Fork are not ex­

ceptions to thi s statement . The calcium carbonate alkalinity 

for station I on Ro cky Branch ranged from 20-15 5 mg/l Caco3 



48 

while  station II ranged from 50- 150 mg/l Caco3 ( Fig . 5 ) . 

The West Fork showed a much higher reading for its sampling 

sites . Station III  ranged from 110-230 mg/l Caco3 while  sta­

tion IV ranged from 100-250 mg/l Caco3 ( Fig . 5 ) -. The West 

Fork drains a larger area and could logi cally be  expe cted to · 

carry more carbonates from the surrounding terrain into its 

flow. A l l  of the alkalinity readings re corded for the study 

period fall well within the range suggested by Ellis  et al . 

( 1948 ) . 
C onductivity 

The conductivity of a solution i s  an important parameter 

considered in most limnologi cal studi e s . ·· Wel ch ( 19 52 ) and 

Ellis et al . ( 1948 ) state · that the ri cher a body of water in 

ele ctrolytes , to a point , the ·greater its biolgo cal productiv­

ity . The easily measured ele ctri cal conductivi ty of solutions 

is closely related to salt content and , therefore , milligrams 

per liter sodium chloride ( NaCl ) i s  the standard unit =: of 

measurement ( Edmondson , 19 56 ) .  

In addition to increas ed biologi cal productivity of  a 

body of water , Williams ( 1966 ) suggests that spe cifi c  conduct­

anc e  is directly related to  the amount of total di ssolved sol­

ids in the waterway . During a study concerning 62 Australian 

lakes , he found a very clo s e  correlation between their conduc-

tivi ty and total dissolved solids . 

Total dissolved solids in natural water supplies  are 

usually greatly affected by man ' s  activities . I rrigation , oil  

field discharges ,  diversion of streams , and deepening of ship 

channels are a few of man ' s  a ctiviti es  that alter the di ssolved 
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salt content of bodies  of water ( Warren , 19 71 ) . Drasti c 

changes  in  total di s solved  solids can adversely affect the 

aquati c c ommunity . Water Quality C rit eria ( Anon . , 1968 ) re c­

ommend that 500 mg/l NaC l be  the upper limit for total dis­

solved solids . 

Ro cky Branch and the West  Fork of Big Creek were well 

under the limit re commended by Water Quality Criteria ( Anon . , 

1968 )  during the study period ( Fig . 7 ) . The West Fork , due 

to its  increased drainage area , always had a higher conduc­

tivity reading . The higher reading reflects  the effect of 

man ' s  activiti es on the amount of total dissolved solids car­

ri ed in solution . The West Fork stations · ranged from 12 5-

260 mg/l NaCl while the Ro cky Branch stations ranged from 5 5-

210 mg/l NaCl . The higher reading on both streams usually 

followed rainy peri ods . Runoff from surrounding farm lots 

and fields would probably increase the amount of dissolved 

solids carried in solution under such circumstances . 

Sulfates 

The sulfate i on ,  a c cording to Sawyer (1960 ) , i s  one of  

the  maj or anions o c curring in natural waters . Most sulfates 

result from the natural de composition of  organi c material . 

Sulfate s  are found in most natural waters , except some moun­

tain streams near their snow sources and certain spring-fed 

streams ( Elli s et  al . , 1948 ) . Ellis et al . ( 19 48 )  also ·state 

that sulfates are one of the expected groups of compounds 

t ol erated by fi shes in conc entrations up to 300 mg/l or more 

without marked effe cts . Water Quality C riteria ( Anon . , 196 8 )  

suggest that a limi t of 2 50 mg/l sulfate be  pla ced on all 
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natural water supplies . 

Sulfates are found in many industrial effluents such as 

mine drainage wastes ( Anon . , 1968 ) .  Monitoring areas sub j e cted 

to such waste material can provide an indi cation of dumping 

a ctivities  by industry . 

Figure 8 shows the range of sulfat e  concentration for 

the study area . The sulfate levels for Rocky Branch and the 

West Fork were always low, never  exc eeding the 2 50 mg/l rec­

ommended upper limit for the paramet er .  The highest reading 

whi ch o c curred for all stations was 110 mg/l at station IV . 

Such a low reading indi cates  the absence  of industrial efflu­

ents a s  well as the lack of large amounts of  organi c decompo­

sition . 

Total Iron 

Iron i s · an important element in plant metaboli sm .  Ruttner 

( 1953 )  reports  that i ron can exist as a ferrous or ferri c com­

pound depending on environmental conditions . The ferrous iron 

compounds can only exist in the abs ence of oxygen while the 

ferri c form is almost completely insoluble . Total iron meas­

ures both forms . 

Rocky Branch and the West Fork of Big Creek registered 

minute amounts of total iron at all sampling sites . Be cause 

of the presence  of di ssolved oxygen , the ferrous iron form 

could not exist and only the ferri c form was present . Gener­

ally very small amounts of total iron were record ed for all 

sampled areas ( Fig . 9 ) . On s everal o c casions total iron was 

not pres ent while  on many other sampling dates  only trace  

amounts were noted . A high reading of . 3  mg/l for all stations 



was recorded December 30 , 1972 at station IV.  This level is  

within the permi s sible iron level allowed for publi c water 

supplies  ( Anon . , 1968 ) . All other samples  tested well b elow 

this l evel . 

Ni trogen 

5 1  

The earth ' s  atmosphere is  the major  reposi tory of  avail­

able  nitrogen . Approximately BOfo of  the atmosphere i s  compos ed 

of the diatomi c gas , N2 • Nitrogen i s  re cogni zed  as one of the 

most important constituents of living matter and for that rea­

son represents a nutrient of outstanding value ( Ruttner , 19 53 ) .  

Inorgani c nitrogen compounds , usually as nitri c acid , are 

present in small amounts in rain water . Ruttner ( 19 53 )  states 

that these inorgani c forms come from the atmosphere as the 

products of ele ctri cal di s charges , terrestrial decomposition , 

and vol cani c . eruptions . A considerable amount of elemental 

nitrogen is fixed in the soil by nitrogen-assimilating bacte­

ria and becomes available for use by plants . The chief prod­

uct of the decomposition of  plant and animal proteins is am­

monia . In the presence  of oxygen the ammonia i s  qui ckly trans­

fonned by nitrifying bacteri a  into nitrate . Ba cterial oxida­

tion a c counts for the transformation of  nitrates to nitrites 

and then back again . Thes e  relationships whi ch exist between 
I 

the various forms of nitrogen compounds and the changes whi ch 

o c cur in nature can be considered the nitrogen cycle ( Sawyer , 

1960 ) . 

Tebbutt ( 1971 ) lists four main forms of nitrogen imper-

tant in an aquati c community : 

a )  organi c nitrogen- nitrogen in the form of proteins , 



amino acids , and urea 

b )  ammonia nitrogen- nitrogen as ammonium salts , e . g . 

( NH4 ) 2co3 , or as  free ammonia 

52 

c ) nitrite  nitrogen ( N02 ) - an intermediat e  oxidation stage 

not normally present in large amounts 

d)  nitrate nitrogen ( No3 )- final oxidation product of ni­

trogen . 

During this study only the nitrate and nitrite levels of 

the four sampling stations were monitored 

Viets ( 1971 ) states that nitrate i s  a storage form of ni­

trogen in soils , water , or plants . Nitrate s  in the environ­

ment are products of nitrifi cation of the ammonium ion ari sing 

from organi c matter ammonifi cation , ammonium- containing ferti­

li z ers , or  animal origin by Nitrosomas �· and Nitrobacter 

,!EE , a cting in that order . Nitrate , ac cording to Viets ( 19 71 )  

i s  the only fonn o f  nitrogen that can b e  leached from the soil . 

Nitrate , not uti li z ed by the immediate plant community , i s  

eventually carried into drainage systems by percolating ground 

water . 

Nitrate levels in Illinois  waterways have drastically 

increased during the last two decades . Harmeson , Sollo , and 

Larson ( 19 71 )  report that b efore 19 56 the nitrate levels  in 

eleven I llinois  streams never exceeded the 45 mg/l water qual­

ity standard s et in Water Quality C riteria ( Anon . , 196 8 ) . 

Subsequent sampling o f  the same rivers b etween 19 56 and 1966 

showed that the 45 mg/l standard was exc eeded in nine of the 

11 . A rec ent study in Coles  County , I llinois  ( Durham . and Whit­

ley ,  1971 ) showed s everal sampling stations with nitrate levels 



above the recommended 45 mg/l limit . One stati on lo cated 

on Ki ckapoo Creek regi stered a high of 163 mg/l nitrate . 

5 3 

Ni chols  ( 1965 ) report s  that one of the greatest dangers 

of high nitrate  levels in a water supply is methemoglobinemia . 

The actual cause of methemoglobinemia in infants is  not the 

nitrates but the nitrites formed in the intestinal tract by 

the reduction of the nitrates  by bacteria . The ni trites  are 

then absorbed into the bloodstream where they react With hemo­

globin . A literature survey made by Walton ( 19 5 1 )  reports 27$ 

cases  of methemoglobinemia and 39 deaths . His  survey showed 

that there were no cases  report ed where nitrate levels in pub­

li c water supplies  were less  than 45 mg/l .  

Nui sanc e  algal blooms and a c celerated eutrophi cation of  

a water supply i s  another problem caused by the  presen c e  of 

nitrates .  Harmeson et  al . ( 19 71 )  state that there is  much dis­

agreement over the role  of nitrogen as a nutri ent element in 

a body of water .  C ertain sources have report ed algal blooms 

in lakes having an average nitrate conc entrati on of 1 . 3 mg/l 

( Harmeson et  al . , 1971 ) . At  the present no clear agreement 

exists concerning the nitrate level/eutrophi cation que stion . 

In fact many authors feel that carbon and phosphorus are the 

controlling factors causing accelerated aging of a lake or 

stream . 

Nitrates  o c cur naturally in most bodies  of water due to 

the decompo sition of organi c material . Excessively high lev­

els can generally b e  attributed to man . Vi ets ( 19 71 )  reports 

that s ewage effluents from muni cipal treatment plants may in­

crease the nitrate level of the re ceiving body of water de-
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pending upon the design and operation of the plants . Many 

authors feel that the increased use of ammonia fertili zer  has 

b e en primarily responsible for increased ni trate levels . In 

1963 5 . 6  million tons of ammonia ,  the pre cursor of nitrate , 

were added as fertili z er to the soil in the Uni ted States 

( Ni cho ls ,  196 5 ) . The nitrate not utili z ed by the plants would 

eventually find its  way into the streams and lakes of the area . 

Harmeson et al . ( 19 71 )  feel  that increased fi eld ferti li zation 

plus poor farming practi ces  have contributed to the increase 

in nitrate levels in I llinois  streams . They also report that 

the highest nitrate levels can be found in the streams of ar­

eas of high agri cultural production during spring and early 

summer .  On the other hand , the fall and winter months show 

a considerable drop in nitrate levels . 

Another source of nitrogen in natural waterways i s  run­

off from feedlots . Prophet ( 1969 ) reports that high ammonia 

and nitrate levels from feedlot runoff resulted in numerous 

livestock d eaths . 

Nitrate levels at the Ro cky Branch and West Fork sampling 

stations varied considerably during the study p eriod ( Fig . 10 ) .  
Stations III  and IV usually re corded a higher nitrate reading 

than station I or II . Early in the study period just the op­

posite was true . All four sampling sites fell below the 45 

mg/l standard set by Water Quality Criteria ( Anon . , 196 $ ) .  

However , station IV recorded levels above 40 mg/l on two o c­

casions while station I went above 40 mg/l on one o c casion . 

Station IV recorded the highest m�an nitrate level of the four 

stations , 20 . 9  mg/l nitrate , while station II . with a 14 . 3 7  
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mg/l level , was the lowest ( Table 1 ) . Harmeson et al . ( 19 71 )  

report that most I llinois  surface  waters average near 10 mg/l 

nitrates .  The high average for the study s±tes  refle cts the 

farming a ctivi ty in the a rea . Higher readings would b e  ex­

pe cted in the spring and early fall due to runoff from sur­

rounding ferti li zed  fields  and feedlots . Late spring and sum­

mer results are not available but if Harmeson et  al . ( 19 71 )  

are c orrect , thi s would b e  a time of very high nitrate levels 

at the four sampling stations . 

Nitrites  were also considered for the Ro cky Branch-West 

Fork study area . Sawyer ( 1960 )  states that under anaerobi c 

conditions nitrates are reduced to nitrites . Nitrites  may then 

be further reduced to ammonia by c ertain bacteria , but most 

carry the reduction to  ni trogen gas whi ch es capes  to the at­

mosphere . Nitrites  represent an intermediate stage in the 

nitrogen cycle  and may o c cur in water as the result of biolog­

i cal decomposition of proteins . 

Nitrites  represent an unstable nitrogen spe cies  whi ch are 

readily oxidi zed  or reduced by either chemi cal or biologi cal 

pro cesses . They are easily oxidi z ed by chlorine in water 

treatment plants . Thi s  results in the removal of  most ni­

trites  from publi c water supplies . Treated water from muni c­

ipal water treatment plants seldom exce ed a nitrite level of 

. 1  mg/l ( Anon . , 197lb ) , while  natural running waters rarely 

exceed 1 mg/l nitrite  ( Anon . , 19 70 ) . In such low copcentra­

tion there is  li ttle danger of methemoglobinemia . However ,  

Standard Methods ( Anon . , · 19 71b ) suggest that tra c e  amounts of 

nitrites  could indi cate organi c pollution . 



Trace  amounts  of nitrites were re corded at the Ro cky 

Branch and We st Fork sampling stations ( Fig . 11 ) . Stations 

56 

I and II  recorded mean readings of . 03 mg/l and . 02 mg . l while 

stations III  and IV re corded a mean o f  . 0 5 mg/l . Standard 

Methods ( 19 71b ) suggest that such  trace  amounts of nitrites  

could represent organi c pollution of the  waterway .  However , 

in the streams studied no vi sible sign of organi c pollution 

was noted . Other parameters , such as  bio chemi cal oxygen de­

mand , showed  no indi cation of pollution . The nitrite  level 

encountered at the four sampling stations probably represents  

the natural breakdown of nitrates  to nitrites  by  denitrifying 

bacteria . 

Phosphorus 

Phosphorus is one of the most abundant elements known to 

occur on Ear�h and is  e stimated to be  eleventh among elements 

found in i gneous ro ck . I t  can be  found with other minerals 

as orthophosphate ( Anon . , 1970 ) . Authors suggest that the 

Earth ' s  sphere contains approximately 160 b illion pounds of 

phosphorus per acre or a total of 1019 tons ( Anon . , 1967a ) . 

However only a small fraction of  this amount i s  available  for 

utilization by plants . Many phosphorus-containing minerals 

are only slightly soluble in water . This tends to limit nat­

urally o c curring conc entrations of phosphorus in aquati c en­

vironments . Only 2% or . 07 mg/l phosphorus can be found in 

solution whi le . .  the remainder of this naturally o c curing ele­

ment eventually becomes incorporated in o cean s ediments . Even 

in low concentrations , phosphorus with nitrogen is often con­

sidered an essential nutri ent in the natural aging pro cess  of 
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a body of water ( Keup , 196 $ ) .  

Mackenthun ( 1968 ) and Sawyer ( 196 $ )  note that eutrophi ca­

tion of  lakes and streams i s  of rapidly growing interest to 

s ci enti sts . Both authors state that when phosphorus i s  pres­

ent in excess of a criti cal concentration and when other en­

vironmental conditi ons are favorable , nui sance  algal blooms , 

s cums , and foul odors can result . Phosphorus , unlike nitrogen , 

cannot be  fixed from the atmosphere by plants . Therefore the 

amount of  soluble phosphorus in an aquati c community can in­

deed act as a limiting factor in aquati c plant growth . These  

authors feel that detailed studi es  of  macronutrients such as  

phosphorus and their  effe cts on  the aquati c plant community 

are essential in understanding man ' s  role in eutrophi cation . 

A c cording to  Standard Methods ( Anon . , 1971b ) , phosphorus 

o c curs under .natural condit ions in three forms : orthophosphate ,  

condensed phosphate , and organi cally bound phosphate .  These  

may o c cur in soluble form , in parti cles  of  detritus , or in 

the bodies  of aquati c  organi sms . 

Large quantiti es  of slightly soluble mineral phosphates  

make up  an  almost unlimited reservoir of  phosphorus . The 

weathering of phosphate-bearing rocks and the ultimate solu­

tion of  the soluble  phosphate i on results in the presence  of  

inorgani c orthophosphate in an  aquati c  e cosystem .  The phos­

phate minerals , however , are relatively insoluble and solu­

tion rate s  are slow. These  factors tend to keep orthophos­

phate concentrations at relatively low l evels . Orthophosphates  

are  frequently added to farm lands as commercial fertili z ers 

( Barrett , 19 53 ) .  Smith ( 1969 ) reports that 10% of the pho s-
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phate fertili z er added to farm land in Canada found its  way 

into the lo cal drainage system within the fi rst  year after its  

appli cation . 

Condens ed pho sphates generally are man-made and are used 

in detergents and water treatment . Man-made condensed phos­

phates  are produced by dehydration condensation of orthophos­

phates . Increased usage of  detergents containing condensed 

phosphates has  resulted in a marked increas e in total phospho­

rus noted in s ewage effluents . Devey and Harkness ( 19 73 ) re­

port a signifi cant correlation between detergent use and in­

creases  in total and orthophosphate levels . They report that 

the condensed phosphate will slowly hydro li z e to orthophos­

phate under natural condi ti ons while  changing rapidly under 

a cidi c sewage effluent conditions . Soluble orthophosphate i s  

the form most readily utili z ed b y  aquati c plants . 

Organi c phosphates are formed as a result of biologi cal 

pro c esses . A c cording to  S tandard Methods ( Anon . , 19 71b ) they 

are contributed to sewage in body wastes , food residue , or may 

be formed from orthophosphates  in biologi cal treatment pro­

cesses . Organi c phosphates  oft en make up a considerable  per­

centage of the total phosphorus concentrati on of a stream or 

lake . Researchers studying the I llinois  and Kaskaskia Rivers 

found that 15% to 30% of the total phosphorus levels were or­

gani c phosphates ( Anon . , 19 70 ) .  A c cording to  Hach ( Anon . , 

1967b ) the analysi s  of organi c phosphate consti tu t e s  a complex 

and time-consuming di ge sti on process .  Because of this , re­

searchers have oft en negle cted organi c phosphates as a param­

eter to b e  c onsidered in water quality studie s . Thi s has re-



sulted in a definite  lack of  information concerning organi c 

phosphate as  a fracti on of natural bodi es of water . 

Phosphates enter an aquati c community by several means . 
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Weathering and erosion of phosphate-bearing ro ck constitute 

the only natural introduction of inorgani c phosphorus into a 

water environment , while  de compo si tion of organi c material re­

sults in the releas e of organi c phosphorus fractions . Man has 

increased the amount of total phosphorus in waterways through 

s ewage effluents and commercial fertili zers . I t  i s  this extra 

phosphorus load carri ed by streams and lakes whi ch accounts 

for premature eutrophi cation of our waterways . 

Commercial fertiliz ers enter a waterway through drainage 

water and eroded soil . In most instances , ac cording to  Cook 

and Williams ( 19 73 ) , these  phosphate fertil i zers are held 
-

. tightly by the eroded soil and are not available  for use by 

the plant c ommunity . Studi es  conducted by Gotterman ( 19 73 )  

seem to confirm thi s .  H e  found that the alga S c enedesmus 

could not be  cultured on phosphate-bearing clays be cause of 

the unavailability of this nutrient . 

Sawyer ( 196 5 )  states  that vast tonnages o f  cond ensed phos­

phate compounds are used in the formulation of modern deter­

gents . The bulk of this man-made phosphate eventually i s  ex­

pelled into a drainage syst em by way of s ewage treatment plants . 

This added condensed phosphate has increased the phosphorus 

level of re ceiving streams by a factor of two to po9sibly 

four times what it would b e  in its absence .  Condensed phos­

phate s  eventually degrade to orthophosphate , the form readily 

available for plant utili zation . 
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Sawyer ( 196 5 , 1968 ) and Mackenthun ( 1968 ) feel that the 

excess  orthophosphate whi ch results from introduced condensed 

phosphates is  the cause of premature eutrophi cation . 

Studies  have shown that phosphorus can be removed from 

waste water with the corre ct treatment . Sawyer ( 196 5 )  states 

that coagulation wi th alum , ferri c salts , or  lime effe ctively 

lowers the amount of total phosphorus released in a sewage ef­

fluent . However this i s  an expensive te chnique · and the result­

ing sludges are voluminous and diffi cult to dewater .  Only a 

few sewage treatment plants presently remove phosphates from 

their effluents .  

Total phosphate ( Fig . 12 ) ,  orthophosphate ( Fig . 13 ) ,  and 

cond ensed phosphate ( Fig . · 14 ) were monitored during the course 

of  the Ro cky Branch and We st Fork survey . Organi c phosphates 

were not considered b e cause of the compl ex analyti cal pro c e­

dures required . 

Total phosphat e readings at the four sampling stations 

were very simi lar . All sampling sites averaged within . 01 of 

each other ( Table  1 ) . On September 16 , 1972 , station II on 

Rocky Branch recorded 1 mg/l , the high reading for all sites . 

This high , however , falls  well below the 8 . 5 upper limit set 

for publi c water suppli e s  by the U . S  • .  Goverrunent ( Anon . , 196 8 ) .  

Mackenthun ( 1968 ) suggests that in order to avoid biologi cal 

nuisances , total phosphate s  should not exce ed 100 mg/l at any 

point within a flowing stream or 50 mg/l where the waters en­

ter a lake . The Preserve study area falls well within these  

limits . 

Orthophosphate levels varied somewhat at each sampling 
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site  ( Fig . 13 ) .  Station I was the lowest  whi le station IV 

averaged the highest with . 17 mg/l .  Since orthophosphate i s  

the only form of  phosphorus readily available  for u s e  by aquat­

i c  plants , the threat of premature eutrophi cation in the study 

area i s  not signifi cant . The weathering of phosphorus-bearing 

rocks generally accounts  for the greatest  proportion of natu­

rally o c curring orthophosphate . The larger drainage pattern 

of the West Fork , along with the increased erosion of phosphate 

minerals from the area , is probably the reason the West Fork 

registered a slightly higher orthophosphate level . 

Orthophosphates also result from the degradation of con­

densed phosphate s . The rate at whi ch condensed phosphates 

change to orthophosphates · varies  with their type , temperature 

of the water , and i ts pH . Condensed phosphates  are almost 

always present because of man ' s  actions . During the study 

period the c ondensed  phosphate s  at all sampling stations ran 

approximately twi ce the le.vel re corded for orthophosphate . 

However , all of the levels recorded were extremely low. Sta­

tions I and II  on Rocky Branch recorded higher , although not 

signifi cantly higher , condensed phosphate levels than stations 

III and IV on the West Fork ( Fig . 14 ) . The presence  of con­

densed phosphates in the two streams can probably b e  attri­

buted to runoff and seepage from septi c tanks on surrounding 

farms and farming communities . Most condensed phosphates en­

ter stream systems as effluent from substandard s ewage treat­

ment plants . Thi s , however ,  cannot be  the case in this area 

as no treatment plants exist . The levels recorded are mini­

mal and po se  no threat to the water quality in the area . 
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Summary 

Rocky Branch , located in the Ro cky Branch Nature Preserve , 

Clark C ounty , I llinoi s contains a divers e  fish population in 

relation to its si z e . During the study peri od 16 spe cies  be­

longing to  five families  were collected . 

Darters ( Percidae } were common and colle cted from fast­

flowing riffle areas . Cyprinids ( seven spe cies ) were the most 

c ommon family colle cted while  bullheads ( I c taluridae } and sun­

fish ( C entrarchidae } were rare-. C ertain spe cies  of Catostom­

idae were also c ommon . 

Two species  of Cyprinidae whi ch were colle cted are rela­

tively uncommon in east-central I llinois . The red-bellied da ce 

( Chrosomus erythrogaster } and the black nosed da ce  ( Rhini chthys 

atratulus ) proved to  be  quite  common in Ro cky Branch . 

Data for 17 water quality parameters were gathered at 

four sampling sites  on Ro cky Branch and the West  Fork of Big 

C re ek . Water temperature , pH , DO , BOD , turbidity , ni trate , ni­

trite , total phosphate , orthophosphate , condens ed phosphate ,  

total iron , sulfate , total hardness , alkalinity , and conduc­

tivity were re corded .  

The results indi cate that the two streams are well  within 

the limits  established for a healthy aquati c community and/or 

potable water for the maj ority of parameters studi ed . Howeve r ,  
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while  nitrate levels  did not exceed the re commended 45 mg/l 

l evel , they were very close to i t .  The possibility exi sts 

that in the future high nitrate levels  might be come a problem 

as a result of agri cultural runoff or other influenc e s  that 

would tend to  increase the levels of nitrates .  
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