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.~~~~he Kansas Rive r and attached to the substrate in the creeks), f ro m portable tnv er tch rat~ box samplers tn riffles .
/arid from dip-net and hand collections. Fauna from the creeks was predominatel y riffle beetles. caddisf lies . and

maylbes; caddisflies and mayflies were the most abundant spec ies in the rock-filled baskets from the river
Blackfly larvae were predominant in Spoon Creek . which had a high organic load from farmland runoff before it
entere d SAA P. No adverse conditions were observed in temperatu re . dissolved oxyge n, and pH during several
days of continuous monitoring. Change s in hardness. turbi dity. alkalinity, nutrients , and chloride were directl y
re lated to fluctuations in discharge .~~onstruct ion activity, production testing , and startup operations will be the
na t o r  impact from the new nitrog wine facility. These impacts are expected to be mitigated by erosion

control and recent proposals to rèc~~le process wastewaters. During t he preparation of this report , a new
isc harge IIrcaI l , ln to Kill Creek was ap~ rove d for the nitroguanidine faci lity. The surve y results given in this

report are not intended to evaluate this d charge location , and they are not directly applicable to the new site.
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SU MMA RY

LI the proposed nitroguanidine fa ci l i t y  and support facil i ty operate according to its
design criteria, the industrial discharge wi ll have essentially no impact on water quality in the
Kansas River. The primary impacts may occur from siltation in Captain Creek during construction.
The paucity of aquatic toxicity and chemical data about nitroguanidine , its potential byproducts ,
and t he potential for operational failures preclude a casual a priori statement that no impact on
water quality will occur from construct ion and operation of the nitroguanidine facility.

Water in the Kansas River and the creeks draining SAAP has high nutrient loads .

~t ispended solids ( residue), and chlorides. Flow and water quality in the creeks , in particular , vary
t b season and rainfall. During low flow Kill Creek is maintained by discharges from SAAP , w hich

arc of sufficient quality to maintain an aquatic community of moderate diversity, including some
species that to lerate moderate levels of organic pollution.

The best quantitative sampling results were achieved in the creeks by taking five
replicate portable invertebrate box samples in riffle areas with similar substrate , depth,~and
current speed. Rock-filled basket samples we re most useful to sample macroinvertebrates in the
Kansas River. Because habitat was limited and siltation was common in the river, suspended
artificial substrates were the mos t practical method, It was found that each method excluded some
membe rs of the aquatic community.

The new location of the nitroguanidine discharge is downstream of any of the
monitoring stations on Kill Creek and on the Kansas River. Although results from this study will
ass ist future survey work at SAAP , they are not sufficient to provide a baseline for the new
discharge point. There fore, baseline studies in lower Kill Creek and in the Kansas River are
recommended before t he completion of the nitroguanidine facility.
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RESU LTS OF AQU ATIC ECOLOGICAL SU RVEYS AT
SUNFLOWER ARMY AMMUNITION PLANT ,

LAW RENCE. KANSAS
PA R T I: MA CROINVERTEBRA TES AND WATER QUALITY

I. I~ ’ rRoDUc TION.

l~~e fi rs t nilroguaniiline prudiucti~ n f ac i l i t y  in the I : j ui t v . d States us being constructe d at
Sunflower Arm~ Ammunition Plant SA A P  . 1.awrence , Kansas. I h_ ’ i ’j  ul i tv  is to he desi~’n~ d to

product’ 45 to ns ~a ‘ u t  roguanidine Ier day by’ the reaction of L’~ ananiidc v. 1 utnmor’ um nitr~ te .
‘ ‘~rming guanidine nitrate. The guanidine nitrate is dehydrated by ~~ n e .n~Iuric acid to form

i t  rogu an idin e.

Streams of industrial water will be coin pletek recycled within the plant so that no
iwocess wastewater will leave. However , about 1 ,075 ,680 gal/day of other wastewaters will be
discharged into the Kansas River :~ these i~ iie/i us waste s wi l l  cons ist of co nde n-a tes from
evaporat ion and vacuum er\ ~ta IIi ,at ion, cooling tower bhw’down. a d  was liwater t’rom thy ,colite
softeners and silica removers . f:i g r  I shows th e location of the prt~pose i ’ discharge point I urn the
nitroguanidine fac ilit~ 1 ab le shi ws the he:iuical composition and quantity of wastew aters
emitted from t h e  nitroguanidinc faci l i ty and its probable impacts on wate rq .ia l y ut the Kansas River.
If the d ischarge us is prediL ’:e d. the u u !u ( / ae ~ should be small However , because this la L ’ u lIty is the t m i s i
nitroguanidine t’ac il it \ in the countr y, discharge standards for this type ~‘t o pera t i on have not vet
keen promulgated and potential s~ nergistic elfe c ts of the constitu ents of the i1~’~cIiarge cannot he
pre ( lIct/ . J Therefore , baseline ecological surveys of the Kansas River were initiated in the spring cit

I Q’7 c to es tab lish current condItions and to compare them with conditions u t t e r  discharge. A

portion ** of t hose survey results aie presented here . During these initial surveys , sampling was also
conducted on the creeks surrounding the plant to determine if past plant a : t iv i t e s  had caused
adverse impacts and to gather baseline data to measure any impacts from t he constructi on of the
t a e t l i t ~ f < esui ( t ’ . of these surveys are also included. [)etails of ’ pasl and present ueti~ ut les ul ~A:\ P aue
conta ined in the report from the preliminary environmental surveY .

H. DESCRIPTION OF STUDY AREA.

____ Drainage from the Plant is through Kill Creek , Spoon (‘reek, and Captain (‘reek , all )t
which flow north and eventually enter the Kansas River at two points ( figure I) .  The creeks (which
als o drain laige farming areas upstream) receive runoff and ground water from the plant.
Eigh t sampling sites were established. Six were located in creeks. They are ( aptain Creek Stations I
to 3 (( (‘ I to (‘(‘ 3). Kil’ (‘reek Stations I and 2 (K( I and KC 2) . and Spoon (‘ reek Stati on I (SP(
I ). ‘See figure 2. )  Two were located in the Kansas River. They are Kansas River Statio ns I and 2
( KR I and KR 2 $.  (See ligure I.)

( urre nt iy thi s d~sc haryc will be nt . Ku (‘ reck. h owever, all water s m.i~ be recycled for use in tht~ potable-water system it stu-
d ies b1, the 5tng ~” n Gener al chow iher~ Is ii i ’ s / IS problem ,tss~ciait ’d wit h these treated waters.

ea p af t ~I, Penphylon and Primary Prod ii. t t v i ty, will fo llow iluis report , . . . _ . . —.,. — ~~~
.. —
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~\ Creeks .

(
~ ipt1i tn ( ree k recc ives runot I and ~ i / I I;J ~~a 1cr  t n  iii thu.’ sses t er n  porti u on t he

inc luding h a l t  it ft . s t iu i I lgc  a rea,  all ot ’ the hurni~i~i gri ’ : t ~ t’ . ~~isc f l t :iI, ’ i I IOI . i i 1 ’,t f i i . ‘~~n s t te

lou nitroguan~dune ta c’ilitv figure .~ t. it orig inates o f t  the pI.:nt and b ia s a tota l ‘ 1  ‘ l I g  / ‘ IC I ( it

approxi mately 48 mi2 , m ist ii i which is agr ieuit . . ial [here .11/ ’ ‘in el ’fluent ‘~i-c l a rgt~ I i i  t h e
plant into (‘apt. i im ( r e k . Spoon ( rec k r c c e i ’; .’ s runot I and ground w u t e r  I r u n  I l southe astern
port ion i t  lii p lant. w h ich includes the ue ~~i~t n iu d er of ’ the st ( ra~’e h r  C . niulll i l i l l t i s l ’ I / // luL n i / I l l  area
I N line .:‘ d nucthian 1’cd ro hl a r i a .  In ad 1fi~ i ii in . Il , in (‘reek u en s ,d ~s,t , c t ow n  do 1,1/LI ’S l u l l / i ,

N line iS?It ’Il that lint ’ w .is oPen h u g .  Sp;~ in ( ree l . ss i~ a lso rece’vc 1bnsc i i i r u t ~ of (Li 2’S million
e, iP uris Per (l.i\ hM~.’,IL’d.I\ I t n o i : ’ t hi nuicc han ?ed—r oul hac ’ u h t ~ . which is I, w under c ,inst ru .t t o i ~.
P . a rson ci  ,

~

j  I ‘ k u S i d e t h  a de t a~Ied / t L ’ ser i~~t l I ’ l I  iii the va r iou s pla nt a r i a s  nd ~ ( ‘ la n t / h ’,J , i T / 2 , ”

~
1 lt ’ ur . hn c nmui c a l  c h a t  l !e r/ */ ’s . ()ukt de the insta l lat i n . Sn’iiin ( rec k drain . i p i ox ~ii ii ’ h~ ~ i, ‘ i i

predonu inaut is m o .  i u n ’: I land, ~‘t , l re y ( I u l V y ’Uil ni! t~ thi ~~I i ~ I

L5~ t ( ( ‘ rec~ drains the remainder of the plant s ’~ t ’~ o it. i Ir thut , rf t ’,. hcit i i t ’ ss huichi
enter t !ue creek ailuve st ition K( I but below K(’ 2 ( t u g ’  ire 2i  1 ’  h I ri I’ . t . tr ‘it K’  l~ (‘reek
receive d disc~iargt ’~ ton i  a mun t i l /m is l i t  tO t n / I area ( F  l i T h e ) . I t  . ‘ .02 . ~ a I r  ~I t e r in u  It s . m d
:r t inuu t h e  sout h acid .in . ,, I’hie Niirp [ rihi t a n s  rt ’ce o c l  Jisyii ~~~~ t I l l ’ I ,  ‘Ihiij iisc
h’ ~~~tuet ion area no r th  acid area , and ~o~s . ’r hnii oc Ni ’  3 During k’~ i’ . kill ( reck d i s t t t a : g c s

t rorn the phottoz r .i l [of i ’a lurv .  pacha~~’ boiIer ’~. and th,’ e ’ .~ i .  I ‘ ‘ . t t ~~ et i t  . 1 , 0 0, j S \1~m . l  / 1,15
through 1k S e t h  { n , k i i t a r~ and ov t .rf l I lt t  t in t u s i n . i  I~ ih r ,ow ~ n h  N i t ’ I n nho ta r s  ‘ ‘ I  k ’ h  ( r ,,’ t’k
K i l  (‘ r~’ek o ,lg i Iu at ,’ \ ill t he plant w h i c e ’  one oh t~ h i i , i n c l es is m u 1 1 j ’ ’ I: iI~ t ’  I a’ .indni r ~ ~~. us iu r  It
drains appia n x i i i  e Is 4U uuu~’ . i i  In ’ ‘~~ I lie ~ Its  i i  I) , ~i1 ‘ 1 , 1 , /5 I l / l I t is dl / 5 1.1 f . J 2 ) , ’ t oni t lit ’ ‘ lao
near the Kansas Riv~ r .

Riff le habi t a ts coniparable ‘.‘. t  h one anothe r (in depth ,tt ud current 1~ i ’ .s n , t ie ,s I

cltosen its sa t riplliug ‘ote s in e cii of the r ick s  to reduce s ; tn i . t h i ( i  iii sani ph i t .. I .in’ lu 2
t he rau i~ c1. o f cr/ c K depth . ‘.sidtii , ve loctt ~ , and mean ‘;uhstrj te ~ i/ e  fo r CUL I i the sl.\ ~‘t~’~’k
s t , i t t ’ i t i -  11w me;mn st ib ~i raf i ’ S i / i ’ W Its (.Ill’i h i i I t / ’ / l  5 ike i ,inic ’est / l l I I  ‘.1 / 1 11 it 5 , 1 si ’ ’ ’ .es t i t . t n l  . , i/

of ’ the u s e  1—1 t  .trc Is II a un t ie i l isukil ‘v tI~c nun n ube r of ‘to nes

I u t .~ in table 2 tnd mea t e that statn os on ( .i pt.nn ( reek ta te  hi smaller range about tha i
mean substrate 5 / ,  t i tan dtu thy ’ 11111cr s (,t tt i ii i5 . shiggeshi ng greater ~ii hst r,it c sn mi la rit~ i i  ~‘ig these
stat ions.  Stream r H i c i t s  Wa ’, var i ,t h le at all s t , t t t t n i i s  with 111.1 ohs, ’ ns ,uh k’ tn uds Both g ’ ’ u t i ~’ie rs .ir,
known to s i gnint iea t i t l s  a f f e c t  the , l i s t n ih u t thons lf  aq uat ic n a e r t , i ’ i s c i t ~’hr i t c s . 2

B. Kansas Riv er.

l iii’ I ssii s t ; t n m i t i s  on the K , tu I s i ~ Ri’. e n W e r e loca ted below m d  ,thos thn ~’ originally
pro 1’os1 ’d fl itr i ‘~ ‘ i , u r in i Iitii ’ prtu l~~ I on t.i~ f i t s’ d ns~ i u i . g e  ( h e re I t . Fhs ’ river is ap pro ’.irnatel s
201) m e t e r s  wide at t ie d ischu ar ie i’ poin t a o l  the flow upstream is divided 1w an ‘ land Duri ,ut’
low h o w , a ppriixi i . teI~ 7( Y of the flow is con I int’ l to the sot ith s ide , s~ bet e the sampling
sta t i o ns  and proposec t ilies ha rge slit’ .ire l i t alet  Sti t m  r i . i ciLy a t KR 2 h inged t r i l l
0.30 to 0.75 in ‘ s~ . duntug the September sIi nphing trip. The i’ivei ss’d i i i mc n t s consi sted on s lin ’ h u g
-cia rse sanid with some limited ,iFu ts of mud in sl iCk water : 1  c,u . t ea r the banks .iit d r i sen  isianids .
‘[‘he Kansas Riv e t  in t his region !ias a drainage ar e a cii approx imately I f4 7(~~ km (50 7~ (i ii1i~

-.
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Figure .t . (li_ l I l a ! ‘~~uc3S t i t i  Si~ t iwer Ariin,mmnilii,,i Plant: (1) Siorage Area , (2 )  Burnini,.i
Groundmm, (3)  S.’lvent Are a , (4) ~‘lhiro2uai,i .u. .~m Facility, ( 5 )  N laite Miiniti’ins
Production Area , (ô) Mechanized R~ ‘ ii A ’’ .i . (7 I I’ [.m e , (l~) Nit n / iris cci i t .  i”~
Paste Area , ( 10) South Acid Area, ( l i  ~erhiouse Are a , ( 1 2 1  Nihrots ’Ilulost’ ~~r Ca.

(13) Sewage Treatment Plant , ( 14 )  Soi l I II .i ,iti ’
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l’ahle 2 W t el t h , Depth . Substrate S u e , and Stream
\‘ i’ loc t t  ;it Sampling Stat ions on (‘aptain (‘reek . Kill

ret ’ k . an d Spoon (‘ret’ k t)iiring the May-to- i iine
Stirs es

Mean 
—_______

Samp le Width Depth substrate 
Stream

location . velocity
size

rn cm cm in/Sec

Captain (‘ree k
C t ’  I 6.9 15-38 3.5 0 6 5 - 0 9 5
( ‘ ( 2 3-~ 25-48 4.5 . 70-1 .20
CC’ 3 3-9 10-33 4 .8 .55 - 1. 70

k , h l  (‘ree k
KC I 4-9 10-4 6 4 .9 .80-1.30
KC 2 3-6 5 -35 3.5 1.50-2.40

Spoon Creek: SPC 1 1-6 8-46 3.2 .45- 70

I I I .  ME THODS.

A. Chemical and Physical.

The date . type, and location of water samples taken for chemical and physical
determin it i , lns are shown in table 3. Two Is pcs of ’ water analyses were conducted: wet-lab
chemist rs on 24-hour composite samples , and continuous in situ measurements of p11. dissolved
oxygen , temperature , and conductivity.

Tab le 3. Date , Ty pe, and Location of Chemical Sampling

Di ii ’s of c l i f i ec Ii’’!,
Sta t ion  —~~~~~~~~ — - — _______________________

24-hr eoniposite (‘ontinuous

(‘apta in Creek :
3’4 iune 1975 3.4 June  1975

(‘C 2 ( * ) ( S )

(‘( ‘ 3 3.4 June 1975 3-4 June 1975
Kill (‘reek :

KC 1 2-3 June 1975 28 May to 3 June 1975
30-31 August 1975 29 August to 7 September (975

KC 2 28-29 May 19 75 28-30 May 1975
Spoon Creek: SPC I 1-2 June 1975 30 May to 3 June 1975
Kansas River:

K R I  ( )  ( )

K R 2 5 June 1975** 5 June  1975
Ii 27 -2 8 August 1975 27 August to 9 Septemb tr  1975

29-30 August 1975 —
4-5 September 1975 —

6-7 September 197 5 —

Not sampled.
% houz compoute sampk



1)iscrete water samples were collected with a No, I 392- X w astew ater sampler * by
taking hourly samples of equal volume. These samples were collected in separate containers that had
been washed w ith phosphate-free detergent . rinsed with dilute nitric acid , and triple-rinsed with
distil led water. The samples were kept in an ice bath (at 4’ (‘ ) until chemica l analyses were
per formed . These hourly samples were further composited by taking equal vo lumes from three
consecutive samples. Chemical analyses were (lien perf ’ormed on t he eight samples (a 24-hour
period ) on the same day the sampler was recovered fro m the field. The following parameters were
measured for all composite water samples according to standard methods ’.4 total alkal in its
(titration to p11 5. 1 ): chloride (mercuric—nitrate method ) . total hardness (t i t rat ion method):
nitrogen. nitrate (diazotizat ion method) : phosphate. ortho (ascorbic acid metho d) . tota l residue .
filterable residue: nonfi lterahle residue: and su lfate (turhidimetric method). ‘turbidity was
determined using an absorptometri c method 5 on a Spectroniic 2 0 * 5

All other analyses used Hach chemicals ,~ and spect rophotometric determinations
were conducted with a Hach DR-2 spectrophotometer.

in situ water measurements were made with two model 61) Hydrolab Surveyors.t ~ Con-
tinuous recording was accomplished by using a Hydrolab model 400 recorder and model lOSt data
scanner with one unit, and a model 4A controller/digital data logger~ with the other unit. The p11
probe of the data-logger unit did not function during the May to June survey. Conductivity.
temperature and p1-I probes we re calibrated against laboratory standards before field use and
thereafter every 3 days while in the field. The dissolved oxyge n probes were calibrated every 3 days
with the use of the partial pressure of 02 in air corrected for barometric pressure as a standard ,
Stream velocity was measured wit h a model 665-E direct-read Gurley current meter.~ 

§

B. Biolo~ cal.

Macro invertebrate collections were made at all six creek sampling locations on 30 May
and 1 June 1975 and only at KC I on 6 September 1975 because it w as the only creek station that
had flowing water. Sampling consisted of five replicate 1 -ft 2 (0,093 ni7 ) samples taken in riffles
with a portable invertebrate box sampler ( PIBS))1 All rubble was removed from t he sample area
and was scrubbed with a soft-bristle brush, or the invertebrates were removed by hand. The
contents of the sampler were washed into a No. 30 mesh sieve bucket (0,595-mm openin~~) and
were then transferred to jar s containing 7~ % isopropyl alcohol and 150 mg/I of rose bengal dye. The
organisms were sorted from the debris in a white enamel pan and were preserved in 70’~ isopropyl
a lcohol for later identification and enumeration. Collections of macroinvertebrates were made in
the Kansas River at two locations (KR I and KR 2) during the May-to-June survey and at one
station (KR 2) during the August-to-September survey. During the May-to-June survey three
replicate artificial substrate samplers6 (barbecue baskets) were suspended 0.5 meters below the
surface from buoys at both stations. In August , two sets of three replicate artificial substrates were
also suspended 0.5 meters below the surface at KR 2. The artificial substrat e samplers were allowed

‘Instrumen tat ion Speciaities Company, Lincoln , Nebraska.
“ Hauwh and Lomb , Inc ., Roche ster , New York.

tHac h Chemical (‘ ompany, Ames Iowa.
t t Hyd ro lab Corporation , Austin , Tex as .

ONew i,ng land Research Associates , Inc., Lexin gton , Massachu s ett s .
00 Teledyne Gurley Hydrological Instrumen ts , Troy , New York.

1Elli~-Rut ter Assoc iates , [)ouglasviUe , Pennsylvania.
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to be cotoni/ ed h~ i) r i~an :si l is b r  30 days . from Ma~ to J une , and for 1 5 days from late Augus l
to mid -Scp teml ” c.’r

I )uring the A ugust—to—Septemb e r survey, two round niultip late . var iably—spaced
samp lers 7 

~sere also used at KR 2 to compare the ef t ici ency at the two types ol’ samplers. A
deta iled comparison ot the two methods will he presented in a separate report. The artificial
substrate sampler.s (barbecue baskets)5 were 7 by Il inches ( 17 ,8 by 28 cm) containing unglazed
lapped porce lain spheres 55 exposing 2.t 2 1t 2 (0.24 m2 ) of surface , 7 When filled with 30 sp heres .
the baskets were wired shut and were suspended with I /8-inch stainless-steel cable 0 .~ meters
heh ~s t he surt ace front a ring of s ix I—gal jugs tilled with styrofoam. ‘J’he float was anchored to
220 pounds (100 kg) of conc rete blocks hound together with 1/8-inch stainless-steel cable.

During saiiiple collection , a No. 30 sieve bucket was placed around the h;iskets
hetore they were removed from the water. Once out of ’ t he water , they were placed in a dishpan ,
and t he spheres were removed and scrubbed. Samp les were then treated as previously described.

..\ll organisms were identified to species when possible with the use of common
taxonomie references ,8-1 ~ t’ollowed by consultations wit h taxonomistst for confirmation of our
identil’ication. For this study an acceptable error of ±20% was used for estimates 01 the true
mean. Taxonomic treatment of each group of organisms was uniform throughout the study and
the lowest level of identif ication for each kind of organism was considered as one taxon when
deterniining the total number of taxa in eac h sample.

(‘ , Stat istical Analysis.

Means , standard deviations , and ranges were calculated l’or all chemical and physical
parameters in e ach sample.

Data resulting fro m identification of henthic macroinvertebrates were grouped and
coded Ion compute r ana l~ sis h~ stream , station , an d sample number. T ue Shannon diversity indes I 8

w as calcu lated for each replicated sample according to the formula

.r . \‘
~

d - >.. ~~ log2 ~~

~~~~~~~~ where ,\ is the total number of individuals col lected for all species (s) and A’, is the n u m ber of ’
individuals for a single species (j ) , I ~ Shannon diversity measures t he uncertainty ol collecting a
specimen of a particular species at random from the community. When the number of species
increases , and the numbe r of individuals for each species is equal , t he uncertainty of collecting a
particular species is high, and, hence , the diversity is also high. In monospecifi c col lections there is
no uncertainty because only one species is collected : then the diversity d 0. The divensit~ it idex
considers the numbe r of species and the distribution of individuals among the species and is useful

‘Paramount Wire , liii ., A ili ambra , (‘ j liiur n ,a,
‘ Eeno (‘orporation . Refrac to nes Division, i~as t Liverpool, Ohio

These were Dona ld (. Huggins (Odonafa. b.’sphemeroptero. Trsehop:era, Megalopte,a, and As ’uropti’r~). Paul M Iwe hi i Jh’mip-
f eral ,  Dave Roukik (( ‘oleop (era), all affilI ated w ith th e State Niulogical Survt’~ of Ka ns a s . I aw rence, Kansa s : nne’i i, W. Steward
and Willi am Stark (flecoptera), North Tex as State University, Dent in . Tex as; and John S . t )endy and Ke nne th L. Manue l (chin.-
nomidar and oth e r Dipsera). Auburn University, Auburn A iabatn~
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I’or comparing macroinverte brate communities between different locations. These indices were
grouped by station and analyzed by a one-way analysis of ’ variance (A NOVA) to detect
statistical ly significant differences between mean-station diversiti es , 5 ,.\ NOVA was also perf ’ormed
on the number of ’ species and number of individuals to test for differences in t hese means
between stations. The data were also tested to determine whether they met the assumptions
underlying an ANOVA (such as having a normal distribution). Accordingly, the number X of
individuals of macroinvertebrates, X , was transformed to log 1 0 (X + I ) to satisfy the assumptions
of ANOVA. Because one-way ANOVA cannot he used to show difference s between specific
st ,:~:’~n’ in means, a means separat ion test , the Student-Newman-Keu ls test. 2° was used to rank
and meas’ the differences between stations in means.

The index of biotic similarity 2 B was calculated for macrainvertebrate distributions
among stations according to t he formula

k min (X. ,X. b )
— L .a I,
— 

k 
1’l 

max ~~~~ X j h )

where and X. b  are the numbers of individuals of species i at stations a and b . respectively. This
was based on a matrix of numerically dominant species that had both significant distributions
(ANOV A , a = 0.10) and were collected in numbers at least the number of replications being
ana lyzed. The level for a = 0.10 was employed in these ANOVA tests instead of the more stringent
level for a = 0.05 to reveal trends or patterns in station differences rather than to establish proof of
differences.

An important feature of B is that it allows the user to omit matches in which a
particular species is absent from both stations (0-0 matches ignored) or to assign them the
maximum value ( 0-0 matches equal I.) This feature allows the user to incorporate or exclude
mutual-absence-type data when generating the similarity index , depending upon the judgment of
the users upon t he validity of these matches. For example , in a set of data iti which there are many
rare spec ies, there would also be numerous mutual-absence-type matches , therefore , the option for
0-0 matches to be ignored would be the one of choice because these matches are probably
insignificant. However , if t he rare or insignificant occurrences were removed from the data , as was
done in t his case , then mutua l-absence-type matches would reflect actual similarity between
stations , and, therefore , the opt ion for 0-0 matches equal I would be appropriate.

The matri x of coefficients of biotic similarity between stations was then subjected to
cluster analysis. 22  We have used the unweighted pair-group method , which has been shown to
introduce the least distortion in the clusters .2 3 The results of the cluster analysis are displayed In
the form of a dendro g ram. The amount of distortion in the dendrogram caused by the cluster
met hod was determined for each analysis by the calculation of a cophenetic correlation coefficient
r5~

.24 Interpretations of dendrograms with cophenetic correlations r5~ <0.75 must be cautious. A
detailed discussion of cluster analysis methods can be found in the work of Sneath and Sokal. 25

‘Cimba, P. A., Asaki, A. I . . ,  Pearso n, J. G., and Uender , E. S. ARCSL -TR-77035. A Computer Program for ihe Anal ys is of Macro ’
Inv ertebrate Data From Water Quality Survey s . ‘ May 1977. UNCLASSIFIED Report.
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Spearnian ’s ran k—correlation cod t i c i e t i t s  0 were a lso calculated between st~itioIi~
based on species ranked in order of their abundance , ‘Ihe statistical significance of ’ these coefficients
was determined accor ding to Dixon and Masse s

IV. RESULTS.

A. Chemical and Physical.

Flow data for the Kansas River l’rom t he DeSoto . Kansas , gaging stat ion was obtained
I roin t he Department of Interior 5 (Table 4 Flow duritig the first survey (14 .3 I~

) ft3 s . ;iser. Ie i ’ .

with a standard deviation of 8,956 ft 3 /s .  This is considered to be typical seasonal variation f ’or ft
Kansas River. 5

Flow data for the sampling station on the creeks surrounding SAA P were presented in
table 2.

Raint~ill data for SA M~ during the survey s are shown in table 5. Rainfall .~uring the
spring trip was normal, but subsequently Kansas suffered one of its lowest summer rainfalls in man’.
years. The rain that occurred in August had very little effect on flow in the Kansas River, Even after
17 inches of rainfall on 26 AuguSt , there were no detectable flow in the creek s around SAAP.

Table 4. Flow Data From Kansas River at DeSoto. Kansas . During
t he Survey. May to September 1975

Date Flow Date Flow

ft 3 / s ft 3 /s

27 May 2 ,680 26 Aug. 3 ,850
28 May 3 ,390 2 7 Aug. ( .780
29 May 8 ,570 28 Aug. 3 ,930
30 May 9,790 2~

) Aug. 3 ,670
31 May 14 ,000 30 Aug. 3 ,430
I June 10 ,800 31 Aug. 3 ,060
2 June 8 ,290 I Sept. 2 ,~6()
3 June 8,570 2 Sept. 2 ,840
4 iune 18 ,500 3 Sept. 2 .~ l0

- 
5 June 17 , 200 4 Sept. 2 ,690
6 iune 16 ,700 S Sept. 2 .590
7 June 17 ,200 6 Sept . 3 ,070
8 iune 16 .800 7 Sept. 3 ,890
9 iune 23 ,400 8 Sept. 3 , 380
lOi une 38 ,900 9 Sept . 2 . 510

Mean 14 , 319 10 Sept . 2 .240
Standard deviation 8 ,9 56 Mean 3 , 169

Standard deviation 546

‘Curti s , K., Water Resources Diviaion , U.S. Geological Survey, lawrence . Kansa s , personal communkation. 1975.

-- 
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‘I’ahle S. Precipitation at Sunflower Army Ammunition Plant , May to September 1975

Date Amount Date Amount Date Amount

inches inches inches

8 M,i~ 0.40 3 June 0. 44 26 August 1. 70
12 Slay 0 58 4 June 0.0 1 28 August 0 . 1 5
23 M .~ I 27 9 June 1.0 5 29 August 0.95
27 si~ 0.6 0 I I  June 0.82 Monthly total 2.80
25 Ma’ . 0.2 6 1 7 June 0.42 Monthly mean ’ 3 93
20 May 1 .76 Monthly total 2.74 5 September 0 . 12
30 M.i~ 0.4 2 Monthly mean ’ 4 .88 I I  September I .40

Monthly total 5 29 24 July 0,35 12 September 0 .18
Monthly mean ’ 4.65 Monthly total 0.35 Monthl y tota l 1.70”

Monthly mean * 3,93 Monthly mean’ 4.32

~~~ ear mean from ret 27
‘ ltased on t~~st 12 days oF September 1975.

I. Creeks.

Summaries of water-quality data collected during the May-to-June survey for five of
the cree k sampling stations are presented in tables A-I to A-S in appendix A. These data were
co llected during a period of highly variable flow as a result of runoff (table 5) . This condition is
reflected in the high and variable mean total residue value X = 1843.6 mg/I . with a standard
deviation of 78 5.3 . from KC I. All values for parameters from KC I . KC 2 , and SPC 1 were similar
and within t he hounds of values previously reported from the creeks. ’ The values from Captain
Creek are probably within normal values for that drainage , alt hough no comparable data are
available.

(‘omparing values between KC I and CC I (the two downstream stations for the
respective drainages) revealed that KCI had higher mean values for total alkalinity ( 198.5 versus
87.5 mg/ I), total hardness ( 156.7 versus 113.8 mg/I), and conductiv ity (4 19.1 versus 269 .3 ~AS !c m )
between the two drainages. That these values are higher appears to be related to higher
concentrat ions of dissolved materials and the greater buffe ring capacity of Kill Creek.

Water-qua lity data from the creeks were limited to KC I during the August-to-
p September survey, because it was the only station with a flow. The flow at KC I was sustained by

discharge s from the sewage treatment plant and the south acid area via the South Tributa ry and
overflow from Pond B via the North Tributary. The data from KC I are shown in tables A-6 and
A-7 in appendix A. Comparing these data to the May-to -June data shows that alkalinity and residues
decreased , w hereas chloride , hardness , nitrate , su lfate , temperature , and con ductivity incre ased. The
higher water temperature and lower residues were related to higher ambient air temperature s and
lower runoff , respect ively. Increased chloride , hardness , su lfate , and conductivity were probably
cause d by discharges from the south acid plant , and part of the increased nitrate level might also be
attributab le to the sewage treatment plant.

Plots of continuous measurements of water temperature , conduct ivity, pH, and
d issolved oxygen for (‘C I during the August-to-September survey are shown in figures 4 to 7. Table
6 is a summary of the data presented in the plots.
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Table ~~~. Su m m a r y  of (‘ontinuous Monitoring of Water Quality at Kill
(‘ reek Station 1 , 29 August to 8 September 1975

N. s t Standar d
Parameter Mean Minim um Max imum

samp les deviat ion

Conducti vity, uS/em 625 938.5 49 .69 795.0 1000.0
Oxygen , disso lved , mg/I 588 7.84 1.54 5.4 1 1 . 8
pit o 23 7 ,85 . 18 7.50 8.30
Temperature , °C 619 26 .01 2.73 20 .2 32.2

‘ i S ’  I ohm’
~ — mho.
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2. Kansas River.

Summaries ot wa t e r—q ual i ty  data collected at KR 2 during the May—to- i tine and
\ t i~ u~l~to~Scptemher sur ~evs are shown in tables A-8 to A- I 2 in appendix A. The values obtained
from limited sam pling during the May-to—June survey a~ ’ee well with those previously reported. The

~amc is true tor data from the second survey, except the data t’or turbidity during the last two
samp lings . There were significant increases in alkalinity, chloride , hardness , sulfate , conductivity, ari d

~.iter temperature between the two survey periods. These are normal and are probably the result of
C t ’ t ’ u ~’s ill °‘ and ambient air temperatures. I)uring the August-to-September survey there was a

~i grtiticar .k’Creasi ’ in nout ilterahle residue and turbidity in early Septembe r 1 975. These changes
appe :’ ’ t h.. the result of decreased flow (table 4).

Plots of temperature , conductivity. pH, and dissolved oxyge n measurements for KR 2
during the second survey are shown in figures 8 to II. Flow for the Kansas River at DeSoto , Kansas
(table 4), is also shown on figure 9 . Table 7 is a summary of the data presented in these figures.

Diurnal fluctuation in water temperature (approximately 4°C) was similar throughout
the study. However , t here was a warming trend through 3 September after which temperat ures
declined and remained stable from September 5 to 9 . Change s in water temperatures followed
changes in daily ambient air temperatures.

(‘onductivity and flow ( figure 9) showed an inverse relationship: as flow decreased
conductivity increased. Flow genera lly decreased through 5 Septembe r. tnen t here was an extremel y
rapid increase in flow, followed h~ a decrease.

[)issolved oxygen and pH showed the same basic pattern (figures 10 arid l i t , moderate
values with restricted diurnal fluctuations from 27-30 August . the increasing values with higher
diurnal fluctuations from 31 August to 6 Septembe r, when both parameters declined sharply. The
increase in these parameters is the result of increased primary production. probably from the
pliytoplan ktot ~ c s i i i  in tin i t ’ .
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Table 7. Summary of (‘ontinuous Monitoring of W a te r  Q~ta lit\ at Kansas
River Station 2. 27 August to  9 Septemb er I ~“ S

No. ofParameter M ear l Mr ni 11111111 \i . ml.
samples dev ;ati , ’n

Conductiv ity. pm.h(~ /cm2) 1 ,234 896 .4 I 48 .2 565 1.1 sO 
—

Oxygen , dissolved, mg/ I 1 , 234 8 SEs 1 . 72 6 .5 1~~.7
pIt 1 ,234 8.13 . 28 7.74 14.75
Temperature , °C 1 , 234 2 6 . 1 1  2 1 4  2 2 . 1  3 1 . 1

B. Biological.

I. Creeks.

a. May-to -June Survey.

The distributions and abundances of macroinvertebrates collected with the PIBS during

- the May-to-June survey at all six creek stations are shown in tables 8 to 10. A summary of these
data is given in table II. Th ese data represent the total of five replicate samples at each ol the s i s

stations. Appendi x B contains the da t j  for the five replicate samples at each station . A total of
7,799 individuals and 53 taxa were collected. Thirteen taxa comprised 9~ .37’~ of all the individuals
collected; (“heumatapsyche sp. (38.5W ~ ), Stenebnis sp. (29.6O’~ ). Simuliwn sp. ( ~ .04 1. PoIt’-

pedi lum sp. (4. 1 2Y ),  Isony chia sp. (3.22%). Oligo haeta sp. (2 . 94’~ ) ,  Pe ’ntaneura sp. (2 .27 ’ . I.
Microtendipes sp. (2.01 “~ ), Baetjs sp. (I .53”~ ) , Ph vsa hawnii ( 1 . 1  3”~ I . (‘aenis 

~~ 
( I  .04” ). (‘rIcu1opu .~

sp.  (0 .95%) ,  and Stenonema sp. (0.90%).
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Table 10. Biological Data (Sum of I’ Ivc Replicates) From Kill (‘reek Stat ion 2 and Spoon (‘ reek
Station I , May to June 1975
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The relative abundances of the 1 3 most common tax a collected at the creek stations
are shown in table 12. ( ‘heumatopsvche SI) . was the most abundant taxon at four ( (‘C I, CC 2 . (‘( ‘

3, and SPC I I of the six sta t ions , and Stent ’Imi.c sp. was m ust abundant at the other two stations
(KC I and KC 2).
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I able I I - Summary ot ’ Biological I)ata From the Six (‘reek Stat ions , ~1,i
to June 1975

S I~C ’ it ’S Red undan2 ’s‘I ota l  d iversiRSpCL It”,Stat ion no. ( It
p resent -individuals Standard StandardMean - Mean -d eviat ion de viat i o n

3’ t . I I !O (‘ ree k:
(‘( ‘ 1 39 1770 2.68 0.74 0.38 0 2 3
CCI 16 1448 2.32 .36 .40 .06
(“(‘ 3 3 1 7 1” 2.63 .37 .34 .10

Kill ( ‘rec k
K ( ’ 1 33 708 2.70 .38 .3 1 3 3
K( ’ 2 31 2 11 7  2.05 .17 .5 1 .07

Spoon (‘ reek SP(’ I 27 1039 2 7 1  .73 .30 13

Ihe absolute abundances (percent of individuals of a particular (ax o n  at each station )
t I r r  t ile numerical ls dominant taxa are shown in table 13. Most of the mayflies I c ’i r i  I hia sp

‘ 1 2~)4’ 
‘ Baetis sp ( 7 1  . 43 ’ I. (‘w ’nis sp. ( 56, 79’~ ) .  and Sienonema 

~
p. ( 75. 7 2’2 I t ) c c I ) t  t . . at ((

and ( ‘ ( - 2. Must of the Oligochw ’ta sp . ( 62. 45’ I occurre d at KC I, which also had a high number ot

~fit ’r tTh ’ndipe .s ‘.p ( 3~ .3 I

S1’( - I had the highest number of Sunul iup n sp . (70.23’ I. Po1i’pc ’di/iu ~n s~ ’ I 3 1 4 (t
I ’/ i i sj  I lao 5111 ( ‘4 ~~ S(o ’ ) . an’1 (‘rieotapu.s S~’5 . ( 36.4 ’ ) ’ ’~ ) .  Stt ’nelmis sp. (47 .25 ’ ; )  wa s ili g iliI st ~i t  

k( 2
an d ( /1I lo100t0f 1 S I C  lu 

~
p .  and P entwir ’ura sp . were highest at KC I

I able I 2. Relative Abundance of ’ t i le 13 Most Abundant Taxa at the Six ( reck Station s . Mas I’.’
June 1975

SP( ’ i

RA Rank RA Rank RA Rank RA Rank RA Rank RA R.,n k

7 ‘3 t7

//at !II sp 2.60 4 2. 6’) 5 I 12 9 . 33 1 ,6’) 7 57 ‘/ .19 II
(~j , n I s  sp . .96 10 2.00 8 I .95 7 .42 I I .52 10.5 ~,7 10

‘I o, ’ U u I a I V Vp , s  (‘ I’ / l ,  sp. 55 .08 I 4 5 , ’) ,S t 47. 84 1 8.05 3 5  3 2 . 5  1 It. 85 I
n t  . . i . .,”1~, sp . 5 )  1 1 . 5  0 I 2 .5 “ 0 I 2 5  . 99 8 .5 1 . 23 5 2.60 5

iou s p . 5 . 8 2  3 8.84 3 1.8 1 8 .28 II .24 12 0 5
I f , .  n. !, ro . I i , .s - t  s i ’ . .5 I 1 1 . 5  0 12 . 5  1 . 1 2  ‘0 ,33 8.0 5 3 6  3,5’) 3 . 6” ‘)

(Eigso’/u’ata s p. 10 2  ‘/ .90 I .0 I . 1 2  9 • 3 20.1(1 2 0 1~ 4 .52 o
!‘,‘nt aneur a sp. 1 .53 6 2 4 ’) 1, 2.65 5 4 , 94 6 1 .04 s P .66 7

I’/n sa hewn,, .45 13 .07 I I  2.23 6 ‘ ( ‘ ) 8 5  .61 7 ,5 4 14 5
!‘o/i’ped,/um sp. 2.54 5 1 .66 9 5,30 3 7.20 5 2 9 3  4 9 .72 4
S,,nm4hunn Sr. 1 , 1 3  8 3 5 9  4 3 ’ )  I 4 .56 10 (~l 7 5  26 .56 2
Sit  t Ie / lO is  Sp. 18.53 2 26.80 2 18 .5 5  2 35 .59 I 5 1 . 63 I I I  4 5 3
.S1. ’to . .n r p ~a ~ r . 1 . 24  7 2 . 14  7 .70 12.5 .14 13 .5 2  10.5 0

N..tes .
RA  ~ rrl,,t iv,’ abundance.
Rank is taxo n rank w ith in ihe *tat lo n.
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l.thtc 13. .‘\ ( ‘ st t lute ‘\hund1irice of the 13 \ l It ’t  ‘\Hinil,inl Taxa at the S IX (‘ reek Stat i o ns . Ma~ I I I

June j 9 7 5

I I (‘ ( ‘ 2 F’ 3 K I k ( ’ I SP(’ I
I .i 5 .  , t )  —— —~~~~— _________ — . — — ——

L 

RA Rank R.\ Rank I Ri\ Rank RA Rank RA Rank RA R,, t ~

r “
~ ‘~~- ~~ - 

‘
~~‘ 

‘
~~-

Baet i.t sp . .5 8 ott 2 32 .77 4 6 . 72 9 10,08 6 10.08 16 1.68 II
( ‘ e ’ t i t S p .  2II , ’/ ’° 5 .15.80 .1 1 7 2 5  2 3 .70 9 1 3 5 5  5 5 1 .4 5

‘.“ia t ’ ; ’ ”  ~~.‘ 4 , ’ s 3F . 3 14 1 3 2 2 . 12  5 1 1 . 4 3  4 1 . 90 10 2 2 8 8  4 ‘( 25 7
t ,~~’ . , ( .’ , ”  sp . 12 . 1 6  9 0 12 .5  6, 7~, 8 0 41 7 35 . 14 3 3n 4’) 3

I’ r : l  5’ .’ ..’ sp. 4 1 1 ) 1 1 51.00 I 5 . 15  II .80 1 , 5 1 99 12 0 I 2 .5
I ! ’  - - ‘ . n . I iç ’t ’ s sp. . 73 11 0 I 2 5  5 10 12 (o ,3 1 2 48 . 4 1 1 4 4 ) 10
H,. ’ - ‘ ,‘ . 114 53 ) 7 .86 11 5. 68 10 .5 4’) 13 ( > 2 4 5  1 0 13 20.52 r.

I’. . “ .‘ i’~ s p. 15 . 2 5  t. 20.34 6 10. 73 5 19 ,77 3 1 2 4 3  9 fl 4” 5
!‘u, , ,Ia haos n,i 9 , 09 10 1 ,1 4  I I  1 8 . 18  I 7 ‘/5 8 14 77 7 48 81, - 2
I’ - . ’~ ,“s ’ i i J i , ,’n sp. (4 , 1) 2 8 7 .48 9 11.84 3 15.89 4 110 .31  5 3 1 . 46 4
Si,niThii rn ‘,p 5,09 13 13 ,23 8 7.12 7 1 .02 12 3 . 3 1 11 70.23 1
St enelrnis sp. 14 . 18 7 16. 77 7 5 .75 10 10,89 5 47 .25  2 5 ( 4 9
.S’genont’ma sp. 31 . 43 4 44 ,29 2 7.14 6 1 .43 II 15. 71 6 0 12 ,5

ANOVA of the mea n numb er  of ta sa for stations gave F~ (5 . 24) = 2 . 62 when ~ =

0.05. The refore the null 3~ pothes is cann o t be rejected : that is, t h e re  is no sta ti stIcaIl ~ signi ficant
d I t t e r ~’nct ’ between the mean numbe r of taxa it the six cree k stations. ANOVA of mean total
numbe r oh’ individuals ol the 13 most abundant taxa I or stations gasi.’ I”( 5. 72 )  I 82. The null

‘‘ ‘ 3  10,515 wa s rc ’li.’c’te d I’or tile mean number of indIv Iduals.

Mean specie s diversities and redundancies t ’or each station an’ si loW Il in table II , K(’ 2
ha~ the loIW c ’Sl mean diversity (2.05 ) and highest mean redundancy ( 0 . 5 ! )  because of the
dominance of Stc ’p ,t ’l rnis sp. The remaining mean diversi ties for the cr eek s range d from 2 ,32 to 2.70.
\ \OV \ of mean d i ve rs i ty  gas ’ an f- ’( c  24 ) I 4”’ . he r’ ’ ag:II l1 t h.’ null iIvpoth, ’s is could nut hi.’
n’jec led ,

Thus , rigid s ta t i s t ica l  techniques (ANO VA )  showed that there were no statistical
differences between the s j ’~ c mi’ck s t a t i o ns  based on the mean number of taxa , mean t o t a l  nunibet of

-

~~~~~~ individuals , and mean diversity. i i isweve r , because t here were no statistical differences between
stations dues not necessarily mean t hat there were no biological differences.

There fore, simi larit~ between stations was examined by calculating tile index of hiotic
s imi lantv B f ro m the occurrence and abundance of the 10 taxa that had significant distributions ,
t hose hum w h ich 1’ )) ~

( 5 , 24) was exceeded (table 14 ) .  and also by calculation of rank correlation
coe fficients fur t he absolute abundance of the numerically dominant taxa at the six creek stations
(tab le 15) . C(’ I and (‘(‘  2 had the only significant positive rank correlation (r ~ = 0.845) . whereas .
SPC I versus (‘C I and (‘C 2 had the highest signif icant negative rank correlations (-0.661 and
— 0.629 , respectively ) . KC I versus CC’ 2 also showed a significant negative rank-correlation (r , =

—0. 578). 1-ugh positive rank-correlation co e l i tc ie nt s  indicate a high degree of similarity, and negative
rank-corre lation coefficients , high in absolute value , indicate a low degree of similarity. Rank
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Iahhe 14. Mal r ix  of ’ BiotiL’ Similarity Values B
Between (‘reek Stati o ns , May to Jun e 1975

I (‘(‘ 2 (‘(‘ 3 K(’ I K(’ 2 SI’( I

(‘(‘ I 1 .000 0.57 I 0.466 0. 269 0.385 0. 252
(‘C 2 .57 1 1.000 .303 . 150  .273 . 1 5 1
( ‘ ( ‘  3 .466 .303 1 .000 .271 42 ’ ) .39 5
KC I 264 .1 50  27 !  1, 000 .367 .1 90
K(’ 2 .385 . 273 .4 29 .367 1 ,000 .176
SPC I . 2 5 2  .1 5 1  .398 . 190 176 1.000

Fahle 1 5. Matr ix of Rank Correlation (‘oet ’ficiei ils r Between
Stations Based on Species Ranks Sen e !  From Their
Absolu te Abundances

(‘C I (‘C 2 CC 3 K ( ’  I KC 2 SPC 1

CC I  1 .000 0.845* 0 .15 1  0 ,407 -0 .143 ~0.661~
(‘C’ 2 .845* 1.000 . 122 _ . 578**  — .389 _ ,629* *
(‘C 3 . 1 5 1  . 1 2 2  1 .000 — .385 . 1 2 1  4~~K( ’ 1 .407 _ .578**  — .385 1 .000 . 209 . 1 2 2
KC 2 - .143 - .389 . 1 2 1  .209 1 000 - .0 26
SF1’ I ~.6oj ~ 

_ .629** 422  .1 22  — .026 1.000

*iii ~t IIy .s i,i.’niti ,’ant .
* Sii ,’nt f i ,’ a i , i .

corre lat ions art ’ signiticant when = 0.521 and are highly significant when i r 5 , =

Fxamination of the absolute abundances (table 13) will show whi ch taxa distributions are
res :)onsih le for similarity or dissimilarity. For example , mos t of the mayflies were collected from
( (‘ I arid (‘(‘ 2 causing them to he similar to one another but different t’rom the remaining s t a t I o ns

T he  m a t r ix  of ’ biotic similarity values (table 14) aga in showed (‘ ( - 1 and ( ‘(‘ 2 to l i . is ‘

tile highest similarity (B = 0 ,57 1) . Subsequent cluster anal ysis of t h t s e  values resulted in the
denidrogram in figure I 2. This shows that SPC I and KC I arc distinguishable through t i l t ’

distribution and abundance of taxa from (‘(‘ 3 , K(’ 2. (‘(‘ I, and ( ‘(‘ 2. which were all re la t ivef .
similar 11) cacti o t h er (B = 0.36). The diffe rences of K(’ 1 and SP(’ I ar. the result oh the
distn hution of (‘heunwtop.s’t’ehe sp., O/iga ’/zaeta sp., and Mierntendip c’.s’ sp . at K( ’ I and Sunu1Ezi~n
sp., Phi sa hawnu , ( ‘ric otopus s p . .  and Oligoeha eta sp . at SP(’ I

S t M I I  A H I I ’ t t O )  ‘III,_ ) I F S I

1 1) Ii 9 1)8 11/ (I i, ( V . ,, 4 0 .1 0 ? 0 5 00
I I T I I I I I I I

I A P I .’ ’”. ‘ ( 5 5 *  4

X I I I  (. 141 4~ 2

CA Pt A I N  5 1 4 ( ( *  I

____  — 
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I able l( . Biological l)ata 1”rom K i l l  (‘ ree k Station I , September I~ 75

N u m b e r  observed h~
- . rep licate ‘ , Relat ivel a xon  total

— — — ~~~~ — -~~ — abundance
I 2 3 L. ~ _____ ________

, . i r i .’za ~n.’i ‘1,~ 4 7 6 4 4 25 2 .98
-i la, lId. ‘.3 ’ . 1 I I 4 10 1 , 19
Bran , ” ,,, t - , ’ ~,p 1 3 0 0 0 4 45
f l r , j ’ ’  ‘;,,,~a ,, ‘,& t ’r f ’ , 0 0 2 0 0 2 24

~. ‘r I l .c sp. I 3 13 0 7 24 2 . 86
i, u a t . . j t .c

~’ehe sp 15 3 I 20 I 40 4 -77
‘ “ v i a / i c  sp. 0 0 1 0 0 I 12

( (I J ) t I ) C I 4 4 r ( V t ( ’  ‘inus sp. 0 0 I 0 0 I 12
llar p i i,SI.’Ii)a sp . 0 0 2 0 0 2 24
Jfj r ud , n s ’a sp , 0 0 0 I 0 I .12
/ ‘  I P n ria ’a sp. 0 I I I I 4 .48
‘i1~~r . ’tt ’ndtpt ’s  sp. 3 2 0 3 2 10 1 , 1 9
Oligoi ’haeta sp. 0 0 3 0 3 6 72
P t ’ntane ura sp.  4 I 1 2 1 9 1 .07
P olvp ed ilur n sp. 5 0 0 2 2 9 1 .01
Rheoran vtars :s sp. 0 I 2 0 1 4 .48
Sr enelmi.c sp .  85 153 60 272 73 643 76 .73
Su’no,u’ma sp. 12 IS 3 tO 43 5 . 13

Tonal number of individuals per repl icate 133 178 109 309 109 838 —

b. August-to-September Survey .

I)unng the August-to-September stirv e~ only KC I had tiowing water. Therefore, it was

the only station sampled. The abundance and diversit y of macroinvertebr ates collected at KC 1 are
shown in tables 16 and 17. A total of 838 individuals from 18 taxa were collected. Steneirnis sp.

accounted for 76.73’ of ’ the total number of individuals

Mean spec ies  dive rs I ty (d = I ,5~
) ) to t t he August-to-September sti rve\ was lower than

for the May-to-June survey (d = 2.70) because of the numerical dominance of Stenelmis sp. and the
fewer taxa collected .

Table 1 7. Number of Individuals, Number of Observed
[isa, Species Diversity, and Redundancy From Bio-
logical Data From Kill ( reek Station 1 , September
1975

No. of No. of SpeciesRepl icate individuals taxa  . Redundancydiversity
per rep licate obse rved

I 133 10 1.92 0. 42
2 178 I I  1,01 . 7 1
3 109 14 2.30 .40
4 309 10 .80 ‘71,
5 109 12 1.9 1 .47

Average 168 - 1.9 1 55
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2. Kansas River.

a. May-to-June Survey

The distributions and abundances of ’ macroiriverte hrates col lected W Ith )  the h;i’4 et

saiiiplt’rs exposed for 30 (lays in the Kansas River are shown in table 18 . Because of the tremendou s
bIotna ss that had ,iceumulated during the 30—day incubation period less than half ot each s: mpk’
wa s so r ted .  identified, and enumerated. A total of 8,1 59 individuals fro m 26 ta x a were ‘denti t ’ied .
SI s tee rs t ax . :  comprised 99 ,45~ of the total numbe r of individuals identif ied: I I i ’dropsi’  In’ ur n s

4 I 7~ . He (I r up. ci ’( ’Iu ’ .f r z .smu ( I  2. 98’ I. P olvpedi lum sp. (9 .3~ ”~ I . (‘/ieu~natop.ci’c/u’ sp . 7~~O’ ‘

RI: ‘ o’,u: i - t a r s u s  sp  ( 7 .75’~ ), P ntarnr ’ia J la va (6 .42~ ), lli ’dropst ’elu ’ spp. (immature ( 2 . 8 l 1  ( ‘, i e , : : s

~;‘ (2  .98V I. Is up zr ’( ’l,i a si’) . ( I  ,54 ’ I .  Baeti s sp .  ( 1 .08%). P er lesta plw ’ula ( 1  .05” ). D u ’r otl ’n dlpcs Sr
I ( V  ‘)~

) ) Pe ntant ’ur a sp .  (0 . o)71, ) . Su’nonema sp. (0.71 ~ ), SIen ( ’I,n et spp. (0.65’ ). and Gli / 1 > ..

i t  ,: 1i~
oc,s sp. ((3 .58’

Table 18. Biological Data From Kansas River Stations . M a y  to June 1975
1~ K R I  K R 2

No. observed No. observed
Taxon 

~~ replicate Total RA by replicate Total RA

1 2 3 I 2 3

l Id, t i t  , , f l g uj a t us * 9 3 8 20 .54 14 2’i 25 18 1,53
I d, ’n it  sp. 12 5 27 44 1.18 75 1 1 2  12 199 4 4’)
( ‘, r a l V T V ’ V g n Idut - sp. 0 0 0 0 .00 0 1 0 I 02

/ 1 , 1455’ 1 ( 0/ 0 1 1 > o ’ sp. 102 89 114 305 8.19 I 31 110 90 331 7 41
I / ! I I V V S I V ) p S I l 4 t sp 1 3 2 6 .16 2 15 0 17 36

. ‘ r I - ,IaIu.I sp .  0 0 0 0 .00 0 0 1 1 .02
I t~ V V ! V V f ~ut  sp . 1 0 0 I .03 0 I 0 I .02
/)~ , - ‘ f ,  t Iipt ts p 9 5 27 41 1. 10 13 27 0 4/ )  ‘10
( ; lv, c: ot ( ’ndz ,)( ’s sp. 5 I 3 9 .24 12 16 10 38 .50

h alf /a u:t, - t -a 0 0 0 0 .00 0 0 1 I 02
III’ ,Jr op.sc- I hs ’ spp. ( immature ) 3 1 26 56 113 3.04 48 .47 2 1 116 2 .ol
II, ,j r V t , ’ I I  t h y  Jrz.c on z 138 102 285 525 14. 11 2 2 3  2 14 ‘)7 534 1 2 1 1 4
I ll  drops  u- I t, ’ tIn s 718 434 543 1695 45.54 816 603 2 92 1 7 1 1  38 5) ’
Is ’ ’n t - c l i , a  s p. 19 7 19 45 1 . 2 1  31 40 I 51 1 8 3  I
St - OI l  ~lI~tIiI sp. 0 0 0 0 .00 1 0 0 I .02
H/ ,gV n/I,’ate 53) 0 2 0 2 .05 0 0 0 0 .00
/ S ’n tani ’ura sp. 2 3 20 25 .67 19 22 13 54 I .22
Perles ta pia ’ida 0 0 2 2 .05 39 38 7 84 I .89
I’nIi~pedilum sp 128 28 149 305 8. 19 15 1  214 96 461 10 .39
Po !ipe dt lum ilhnu ’nse 0 2 0 2 .05 0 0 0 o .00
l’oturp i via Jla L’a 121  27 113 28 1 7.55 12 ( 1 108 9 243 5 4 8
l’ t , t  f r , t t ’ I I J , I I I i I  sp 0 I 0 I .03 0 0 0 0 .00
R hs’u g a~~v tar.cus sp . 1 1 5  54 98 267 7 . 17 109 ! 29 127 365 8 23
.Stenel m,s spp, 6 2 5 13 .35 24 13 3 40 .90
Stenunema sp. 1 10 9 20 .54 14 19 5 35 -86
Tru ’orv thode.c sp. 0 0 0 0 .00 0 12 0 12 .27

Total number of indiv iduals 14 18 804 1500 - 1848 1779 810

ident ity Unce rtain

____________ 
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I ahI~ 19. Ni:iiihc r of ’ indIvIduals , Number of Observed Taxa . Spe cies Diversity, and Redundancy
Frt sin Biological Data From Kansas River Sta t ions , Ma’s to June 1975

K R I  K R 2

Rep ti~aIe  . N’’ . 1)1 - - No, , t f
.\ t  t t t  Species No >1 Spec es

taxa . - Redundancy - , , taxa  Redundancy
md ivid u i  Is diversity individuals diversity

obse rve d observed

141 8  17 2.46 0.40 1845 1$ 2 8 7  0.31

2 804 19 2 .37 .44 1779 20 3 .2 5 .25
3 1 5 00 17 2 .87 .30 810 17 2 .83 . 3 1

~~~~~vc ’r.Ige 1240 ,7 1 7 .t 4  2 .57 .38 1479 .0 18.33 2 . 05

ThIe re la t ive abundances of all tax i  at both s t a t i o n s  are also shown in table 18 ,
llvdrops vclu’ urn s was the numerically dominant species at both stations. Hudrupss ~/:< ‘ spp. (all

species ) comprised 62.70 ’- ; and 53.2 1% of the total number of individuals at KR I and KR 2,
respect ively . l’ahle 19 shows spec ies divers ity and redundancy for the stations.

Analysis of variance of mean number of taxa . mean number of individuals , and mean
diversity between KR I and KR 2 showed that the stations were not significantly different; i.e.,
F 0 1 1 ç ( 1 ,4) 7 . 7! was not exceeded.

Si m i la r l t  v between the two river stat ions was further examined h~ calculation of
Spe ar nn an  ‘s rank—correlat ion coefficient and the index of hiotic sirnilar lt fo r the I 6 nurnericaIl~
dominant tax ,i Spearman ’s index (r 5 = 0.93 and the index t ’ f ’ hiotic similarit ’s (8 0.61 ) both
indicate a high degree ot similarity. The similarity within each station (betwe e n repliLates I)t the
same station ) at KR I and KR 2 again indicated high hiotic simiLarity between the river st at ions.
The average similarity B is 0.5 1 at KR I. and B is 0.53 at KR 2. These values are lower than the
between-stat ion similarity.

b. August-to-Septemb er Survey.

Because analysis of the May-to-June survey data fro m the Kansas River showed that
the two stations were not signiticant ly diffe rent . KR I, which was downstream of the river access
point , was not sampled during the August-to- September survey. Table 20 shows the data from stx
rep licate samp les taken at KR 2 from basket samplers exposed for 15 days. Table 21 shows the
species diversity and redundancy for these samples. Rheo tanvtars us sp. was not I~uaIitativel~
analyzed because of the great abundance (over 500 individuals in each replicate) of ’ its early instars .
w hich were too smal l to hc retained by the sieve mesh. A total of 3 , 064 individua ls from 20 taxa
were col lected. I~ight taxa constituted 98 .3~Y’ of the t o t a l number of individuals collected :
!Ivdr ups vein ’ urn s (30.6W ’ ), llt ’drop s~cht ’ fr ison i (2 1.70’ ;,. P uta,nt ’ia (7a i ’a ( I  6.45~ ), Baeti,s
cingulatus (l4 .2 0 ”H. /h ’drop svc/u ’ spp. (immature ) (7.44% ). Po/ypedilum sp. (3,39’Y ) , Stenonerna
s p. ( 2 ,8771) , and Simuliurn s p. (1 .66%). Hydropsvcht’ urn s was again the most abundant taxon all
spec ies and immatures of I!vdropsyche spp. comprised 59 .8 2% of the individuals identified. Fewer
ta x a (an average o f 11 .33 versus the earlier value of ’ 18.33 ) and a lower mean diversity d (2 .59 vs.
2.98) occurred at KR 2 during the August-to-September survey as compared with the earlier survey.
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I .ible 20. Biological Data From KJRsJs River Sta t  ion I . August II) September I 975~

KR 2

Faxon N t  observed by ri’pIieatc~ l.’~.iI k’s

1 2 3 4 5 Ii

-I root ’i4 r i u ~~~~ 1 0 I 0 0 0 2 .07
l rce j  s ’ t , , ’ c t a  0 0 I 0 0 0 I 03

H a i t i . ’, c i n gulatu .c c 45 51 70 97 109 63 4 14 ,20
( ‘ l o u t  s p . 2 0 12 0 0 0 14 4s~
/ l u , l n  ‘; ‘o , I u t ’ spp. 4 immature ) 36 13 50 4 1 SI 37 22 % ‘

~ 44
I l l  ,Ir (tI l iMe frj S , t P IZ 85 73 I 2 1 110 II .4 163 00~ 2 1  .70
III’ (i r , t p c s ’u ’hs ’ ,Irrls 105 91 190 203 130 22 1  940 30.65
Is, t o ss ’hw sp. 0 0 5 0 2 10 33

~las’atru c’h,a sr. 0 2 0 0 I 0 3 .10
5,  oper l , i  sp, 0 I 0 2 0 0 ~ t O
‘se ‘ ,“ t -r la i / v  Pf l ( ’f ls ’ 0 0 .4 0 0 0 3 .10
(/ i~~, r / i u r a  sp. 0 0 I 0 0 0 I 03
/ ‘a r , J C r t t  (t riO /ojtl s t - t o u t  0 0 0 1 0 0 I .03
Pentant ’ura sp. 0 0 2 0 5 0 ‘~

l’l, ’ , .pU’ra (immature ) 0 0 0 0 0 I I ‘3
I’. ‘ Iu -ç ’ , ’ c l t / u m sp. 5 25 3 25 14 32 1 ~4 3 30

F’, s r am i ’ ,a Jlara 63 4 1 155 81 I Ii  45 ~04 I ~ 4’
SlPs i i4 I lup f l  sp. 3 13 2 10 12  I S I  I 66
Sti ’nt ’ lm is spp d 2 0 0 0 I 0 3 10
.S ti’nttnt’ma s p. IS 19 3 2 1  2 1  9 8% 8

Total number t t  individuals 362 329 6 19 594 576 554

aF~iri y ins tar s oS Rheotanvtaesus s p. occurred in amounts greater than 500 . hui w,’re n~ti 5 u . , ,u l t t ,,’ ’ ~ , I s
evaluated.

hAcroneuria spp. here are three specie s ,4croneuria abnormis . Acroneuria tn cla , and ‘ i , r , ’t l , ’ I l r ,d  ruraliv The~were all collected from debris in the Kansa s River.
C Identit y uncertain ,
d S;eneImi, spp . here are fiv e species: !lererln-, is .‘u/nera ta , ,i’laerop, ’, ehu,s gla bratus . i1~’rtt t  i / I , t ( t t ’ l iS  , ‘u i t  S l i t , ,

Stenelmis decorata . and Stenelmis vu lipennis . They were all collected t r” m  debris in t he Kansa s River.

Table 21.  Number of Individuals . Nuiiiber ot ( )bserved

Taxa , Spec ies Diversity, and Redundancy From Bio-
logical Data f rom Kansas River Station I , August to
September 197 5

No. of
- No. of SpeciesReplicate . . . taxa . . Redundancyindividuals diversity

observed

362 II 2 .59 0.25
2 329 10 2 .75 .17
3 619 IS 2 .S I  . 36
4 594 I I  2 . 61  . 2 5

S 576 I I  2 .69 .22
6 584 10 2.40 .28

Average 510.3 11 .33 2.5 9
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Table 2 2. (‘omparative Abundances of the Dominant Taxa During the
I’.ntire Sampling Period*r”— May to June August to September

Taxon 
RA Individuals per RA Individuals per

square meter square meter

Rtu’ti.i e lngulatus ** 1.08 163 14.20 30 2
( ‘at - l o s Ip. 2.98 450 .46 10
Dur ct lent l qtes sp. 0.99 1 50 0 0
( / t t ’ t i  rnarops i ’c he sp. 7.80 1178 0 0
(; is ’prs ~o’ndipes sp. 0.55 87 0 0
If ’,’Jt. psyche spp. ( immature) 2 . 81 424 7.44 158
I l l  d r o p s - s  I/ l i ’  frison, 12. 98 1961 2 1 . 70 46 2
I I i - lr t,t .s i  c -he t r r ~,c 4 1 75 6307 30.68 652
hoot , Si lO sp. 1. 54 233 .33 7
P er le.st a placida 1.05 159 0 0
Polvp t’dil um sp. 9.39 4 3.~ 0 72
Pttta,n s-ia flora 6.42 970 P.4 5 350
Simulium sp 0 0 I 60 35
Stene/m,.c spp. 0.65 98 .10 2
Stenoo ema sp. 0.71 107 2 .87 61

‘I- sc IcicIc ’ s Rheotani’tor.cus sp.
ld c s t i i ~ uncertain.

When the dominant t’aunal assemblages from the two sampling periods (table 22 are
compared , large diffe rences in abundances are evident. However , one must be cautious in assigning
significa nce to these differences because the samples also reflect different seasons and difl’erent
lengths of exposure . Some taxa had increases in their abundance ( Pul i ’pedilu rn sp.L which Probably
~~, f leeted s~ n;ti ’:ant shifts in the ir normal seasonal abundance. The remaining ta xa showed decreases
in the number of individuals per square meter even though their re latise abundances might hate
increased. It cannot he determined whether these decreases in abundance reflect normal seasonal
changes , or they art.’ iuerel~ the result of ’ different incubation periods.

V . DISCUSSION.

‘flue cot is i ,  uction of a nitroguanidine facility at Sunflower Army Ammunit ion Plant
will riot he completed until late 1979 . However , the National Pollution Discharge Elimination
Permit S~ stem has establis hed certain discharge criteria that the plant tnust meet. t All projections
of the impact are based on the design criteria of the treatment system , although the e ffect of
nitroguanidine and its byproducts in the aquat ic environment (accumulation , tox ic i t y ,  and
carcinogenicity) has not been t horoughly elucidated. In addition , there are usually malfunctions .
equipment fai lures , and spil l conditions associated with the construction and operation 01’ a
comp lex manufacturing faci lity. Finally, there wi ll he an increase in discharges and emissions from
all the support facilities on SAAP that will alter the physical and chemical nature of the
environment. These three areas , assoc iated with construction and operation of the faciIit~ , are
potent ial sources for environmental impact. Therefore it is prudent that a baseline of ’ the
env ironmental quality be established before construction and after the plant begins production to
assess it.s effect on the env ironmental qualif y . Furthermore, because the environment is not pristine.
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a s l i rve\  must evaluate q tiali f w it l l  respect  to current conlaininal ion in t i le surround ing area, as

well as t he plan

‘ru e co uuu mur iit ies of ’ macroi nverte brates in  the ‘streams and Kansas River are s-er~
sens it ive It )  t he stres s . ou t! t hus serve as a useful tool for detecting environmental perturbat ions

resulting from introduced contaminants suc h as nitroguanidine. \1 ac roin~- c ’rtebrate communit ies
have coniplex interact ions hetwet.Sn var ious troph ic levels and the chemical environment in which
they live. The kinds ol’ species and their relative abundances ore direc l ly af fected by the physical and
chemic .il ;uro;t er l les of their environment. Physical and chemical m eas u rements are only indicati s e
of condit ions it the ti me the measurement s were made. Obvis ,IiSI it is  impossible to measure all
pos sible ch emical and ph ysical constituents of the env i ronmen t .  The refor e. much time and expe u~ss’
can he sas e d by examining the variation of ’ certain ultim :~ e factor s (dis solved oxygen. p11. water
temperatu re .  and flow that affect water quality and aquatic organi s m s .

T he natural variations in water quality and macro invertebr ate populations require that
all sampling he replicated. The results of ’ t he two s t i rv ey s are synoptic in that an est imate of
%ar Iat U)n (standard deviation ) is provided for all measurements used in the base line. Now we will
discuss the e ffect of chemical and physical parameter ’s on the organisms that were collected during
the survey.  This iticludes the environmental requirements ari d response of these f a u n a  to
concentration changes in the environment. The projected impact of the nitroguanidine facility on
each of these en’ ironmental requirements will also be discusse d.

The creeks surrounding SAA P are ge ne rohh~ we ll-buffered , nutrient enriched . hardwate r
streams that var~ in organic content with discharge. The limestone in the .stream hed is primari l~
responsible for the well-buffered nature of the water and the alkaline pH values measured , I)uring
lo~ -flow periods , conductivity. alka linity , and hardness increase, and turhidit~ and suspen ded solids
t . lecre.s ’ .t’ . I) issolved oxyge n concentr ations also decrease during the low-flow periods as a result of ’

increased w a t e r temperature . which lowers the dissolved oxyge n saturation level , and decreased
turbu lence. which red uces ph~ sica l aeration. l’hueru.’ us also increased deposition (s i l t a t ion)  during 1 1

period and fur taxa t hat  live in riffles ( s u d s  as Rat ’tis sp. . Sts ’m ’lnm Lc sp., and (‘on-do/u” ‘~
p.

signi f icant portions u>1 their habitat may he eh iniin ate d .

(;aufin and Tar zwe l) 2 
~ concluded from a sI ud~ on an Ohio stream t hat it ~ as

nec essa r~ to cons ider such tact ors as variations in flow aiid water tem perature . the not nrc of the
watershed, and the I’s pt. s i t  bottom to determine the ci te ,,ts of a domestic discharge on a
macroinvertebrafe community . Data presented in this report indicate that Kill (‘reek and (‘ a p ta u n

(‘ reek are similar in drainag and nutrient input. All sampling stations were se lected s - si  that t h e
sediments and flow rates were comparable. Spoon (‘ reek was somewhat diffe rent from the othe r
stati o ns in flow and drainage, and this dil’l’erence is shown in t h e  fauna collected from that creek .
Dissolved oxygen and water temperature are important ahiotic factors because their sariatiomi Is

critical to survival and abundance of macroinvertebrates. Similar variations in dissolved oxygen and
temperature occurre d in all drainages during the May-t o-June su irve ’s - The variations obst.’r~-e d we re
well wit hin the ranges recommended for the support of ’ aquatic life .2 9  Variations in temperature
and dissolved oxyge n were greater at KC I during the second survey. However , they were sti l l
within the ranges recomm ended for aquatic life . 2 9
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A review i tt  wat t .’ r-q ua litv i nit rmation co llected by t h e  Kansas State Department of
hle.sl th omit! I nvmronnient indicated that our data were with in (lie previousl~ reported ranges
recorded f r om Kill (‘reek and Spoon (‘reek. No cu’m po rs t ive  dot s w ere available f rom ( ‘ s ptai n
(‘ ree k AU of these drainages are considered by the State of Kansas to be of moderate to good water
quality . I)uring periods of ’ hi gh flow , the s t a t e  sta ndards for fecal col i torms have been exceeded in
both Spoon and Kill (‘ree k. The state attributes this to contamination through runoff. The
presence of high feca l colifo rms indicates high organic loading from domestic sewage. The sewage
treatnient plam it at SAAP must maintain high bsochemica l oxyge n demand (DOD) removal at

~‘~‘h ’ r lev , ’ls i t t  emp loynient to avoid deleter ious impacts on the organic loading of Kill Creek

1- xaminat ion cit (lie diurtial data for e o ndu ict is i t v ,  p hi , and disso lved o’~’s gen at K R  2
d uu ,; t he second surve ’s ( figures 9 to I I. respe ctl ve l\  ( shows marked declines in their daily means

h .et.’n 5 and ( September. During this same period in which no rainfall was recorded at SAAP.
there ‘.s is  ‘a signit icant increas e in the discharge rate ed the Kansas River. However , on 4 and 5
S1’pteniher a total of 1.51 inches was recorded at Kansas City lnterrat iona) Airport. (north and east
of SAA P). and 1.2 1 inches at Topeka (north and west i t t  SAAP ) . * The same type of peak in flow
was observed at the U.S. Geological Survey ( 1S (  S) gaging station at Lecompton , Kansas . upstream
from SAAP. ** ‘rhe rainfa ll had a significant ef fec t  oiu discharge far downstream without changing
flow in the tributaries in the studs area. The rain w ater probohh’s had lower dissolved solids and

oxyge n than the river water ,  which wou ld at  least account t ’ tr some of t he observed decrease in
con duct i v i t y  and dissolved oxygen. In addition, the rain water  w.s s probably s ft g htl~ aci dic. (ph <
7.0), which would have lowered the p11. The increased disc harge ilso d ispersed the phvtoplankton
in the river and probahi’s increased turbidity and suspended sof ids . bot h of which decrease t Ile

dept h (t i  which light penetrates. The net e ffect of this would he to  reduce primary productiv ity
photosynthesis ) . Conditions like the one described ( love been presiousi~ shown Ut  reduce

productivity in large rivers 2. t The increased discharge could have dislodged man’s organisms
including the pitoto s~ nthetic algae and diatoms. 3 I i  In addition, resu’,pendcd river sediments are
generally covered by bacteria , which increase the biochemical oxygen demand and ccsiiimunit’s
respiration .~ u Bo th of ( hut .’se circumstances could reduce dissolved o’.’s gen co ntent and lower the pH
of the wate r

When the river discharge decreases. soti ls sett le to the bottom , the water becomes
clearer. pht su osy nthe s is increase s , and both p11 and disso lved- i tsygen content increase ( See f ’t gti res

9 , 10 , and I ) .i The amp litude of the diurnal change in dissolved-os’s gen content ma~ have also been

increased by addition al algal and animal growth causing higher communit y res piration at night. and
more algal pho tosynthes is  in response to increased light penetrati on during the do~ 

2

Although some life stages of many species considered sensitiv e to low dissolved oxyge n
concentrations , others can survive at extremely low concentrations s - s f  d issohv~d oxygen .3 2 t heir mini-
mum concentrat ion must he sufficient ly h igh so tha t fish and macroinvertebr ates can complete their
life cycles , grow normally, and maintain normal ac t i v i t y . 20 Kansas State water-qualit y regulations .
which a p ply  In perennial drainages , set minimum standards for dissolved oxyge n at 4 mg I during
short periods within a 24-hour period, and at ,  or above , 5 mg/i (except for natural decreas e I

‘Thompvon . Melvin . US Geologica l Survey. Lawrence Kanaas , peraonai communic ation

~~Custia Rusac l, US Geological Survey, Lawr~.nce , Kanaaa, personal communication.
t J(efly M., I)epartm ent of Biology, Univers ity or Virgin ia, Charto uesvilt e , Virgith , personai communicati on .
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l)unng one low-f low surse’s’ . no dissolved oxygen concentrations were measured below ~.52 rug I It
i s  l ike l ’s that aeration during high—f low maintains a high d Iss t lsed o s ’ s  gen level in the ri’s e r and
creeks . hl i ’ w ese r . during low flow . pooled .lre as m s ’ s  suf ’f ’er so m e anox ia  from biological reduct i o ns
of organic material and corn muni l’s respi r i t  ion

Under conditions of high pH and hardness . the t o x i c i t y  ol many substances is reduced

hec.iuise the rates i t t  osim iosi s . diffusion , ari d a c t m ~~e t r a n s port  i n t t  5 t I s sue s ire ds ’cri’,ise d. ~ Har s hness .
w hich i s  chiet ’ly attr ibutable to calcium and magnesium ions , contr ibute s substa nit iall~ to the
s ta bj h i t ’ s  of p hi of t h e water and to the product iv i t ’s of ’ al gae. ’4 

“s large spil l of acid or a ls t w  -p h i

wosie stream discharged into Kill (‘reek would upset the stable-p hi conditions . Fish kills resulted
from acid .ire i discharges into Kill Creek in I 96~

) The potent ial for the se condit ions still c \ l s t s

T he  high t’ ilterihle (suspended ) solids of ~hie creeks and Kan sa s Riser is pro hahl’s a
signil t ’ic.iiit li m iting fac to r  in the qua l i t ’s of ’ sport f isheries and the di’. e r s s t ’ s  of m a c m m ’ s  i’ r te hr sic
conimu. . I t ies during periods of hu g h runoff. In a stud ’s ’ of fish imid niacroinvt.’ rtebrate populati ons
over a 4-year period in a stream recetv i ng sediments from a crushed limestone quarry . (.ianiirnon3 ~

found that inputs that increased the load if suspended solids b’s less than 40 rng ‘h resulted in a 35%
reduction in rnacroinverte hrate density in the st ream below the (~uarr\ - These effe .’ts were
temporary and were strongly correlated with seasonal precipitation. In Kansas . river-stre am fauna
are probably well adapted to these seasonal changes in silt load. However , such sediments also tend
to absor b tox ic chemica l suhstatiees such is pesticides . ti~’ i v s  rnc t : i) s . and organic compounds. 29

Wat ers with high turbidity can assimilate some Io\ lc materials t l’imoughi this sorptive co p 1L i t ’ s  . lii st i l l
hat. kw a ters  or pools along the mai n chaninel. con taminated sediments might sett le otit . and t O\ i d

su i bs ta i i ce s . s . c  h a’s metals anid b’s products from (lie nit rciguianidine production fac i l i t y ,  cou ld reach
high concentrations there. Such deposits ct ssi ld he resuspended during high river discharges . pt ss ihl ’s
causing tish kills and hioaccumulation. If the proposed niitroguaniidimie f ac ih i t  ‘s discharged po lhutants
with pers istant and toxic properties . concentration iii t he sediments and in the h mota wou ld cau se
, is i v t .’ rse environmental impacts .

Beca use the calculated mmi ipac t on t h i~ K.snsas River cit the discharge f rom the proposed
nil roguan idine fac i l i ty  is negligible, the major impacts will most likely come from perform unet.’s

below designed , t r ea tme nt , ma lfunctions , discharges from the support f’acihi ties ((lie acid plant and the
seW.ic ’e-tr t. ’at mi i i-nt plant . and runoff  from the so lvent  area, burning grounds . storage ire is , and
ni itroguan md ine are.i I row resu l ts shown in this report . current discharges to Kill (‘ree k are minimal.
and the ’s  do ii ’ i t  s.. aust.’ signiiticant change s in the stream hiota. Captain (‘ reek receives runoff f’rtm
dispos .i! and burning s i t e s , the solvent area , and the proposed lilt roguanidmnt .’ area. It appears t hat

t f i s ,’se s i s m u r .  t.’s are insignificant at current ope ration levels when compared with nutrient additions
I rum ‘ui rr ’  wnding farm and pasture lands .

The niat . ro inmsertehr a ie communities in the streams were dominated by riffle beetles .
.s ddist l ’s l,ir~,,c and Jipteran larvae. Their distribution in the rif ’fles was extret i ie lv s’iriahle as shown

h’s the individual sari ipht ’ data (appendix B). This variability between samples from the saint.’ r i f  f it.’
r ’ s ( s i m  n’ s t hat .i large numbe r id samples he taken to esti mate true populat omi means of m’ idmvidua l
wt’ t.ie~ arid I t  assu re that all the species actually present are found. From data of this l’s pe. a va lid
‘~~i i i u ia l s .’ it the nunierit. al relationship between species ( relat ive abundance) can be calcul ated m d
the inp ut .  I of a POllutant that causes the elimination of a species may be deterniined from hiolo~ caI
m l  u rn u.mn t i n  .,hout its r i le in the community indices so that two communities can he se parated
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be~ ,iusc t he ~onimun it ’s measu remem its are stat is t ica l ly  dii t t .’rent - Ransom ari d Dorris 3 ~ emphasize
l im i t  biological measures of the aquatic envirotinient ire superior t s t  chemical measurements
alone . because the communits structure is influenced U’s’ past tre nids as we lt as present levels s - s f
c hemical w .iler t(u. Il ity . [he’s further state that .iii’s c’s a luation cii biological condituo ri s is more
re liable it the data can he suhje ’ . ted t t s  s t a t i s t i c a l  analysis Substa n ti,il repl ication of sampling has
been con ducte d here to permit such analysis

S c ’s er.il dii t t.’ rent samp ling met hock were iset.l in (lie creeks ’and ri’s er . The priniar’s

~iderat ions (or sampling methods must he ( I  I the t ’ s ’ pe of habit it and km nid of organisms t i  he
s imn p led , 2) time precision and accurac’s s it  the method. ( 3 )  t.’x ct i i s i t ) r i  01 spe d f ~ en demic fauna
( dt.’ t -  r- ’lining whether the s imple re presents t h e  conim unmt ’s ‘a c c s i r i t t .’k’ s . ( 4 s  t he number i t

r -~ ‘ j  ‘a les ret lu ired . .tiit.l (5 )  (lie time and cost f t  ii tak i ng and prcic ess i img t he samp le.

Macr ct invt.’rte br ml cs were samp led in the creeL w i t h  a Ph BS hec ,m iise riffle habitats were
se lected . This method , designed fo r use in riffles , is superior to th ie classical  Surher I-f t 2 sampler for
esti mating macroinvertebrate abundances . Rock-filled baskets were also used in June. but they were
not satisfactory in the creeks because i tt scouring. Also , grinding s it ’ t he rocks occurred in the
fluctuating currents during the 30-day exposure penod. [lie suspended roc k-t ’mlled basket san: ilers
were well-suited to sampling in the Kansas Riser because t h e y  provided a substrate (‘or attac hment
h~ drifting orga nisms anti scouring was reduced. In the sand ’s-’ river sediments . macro mnvertebrates
were found cl iisten,’ s t  on lop, detritus , and other trapped debris along the shoreline. H’s’ne’s 2

says that sand is a desert t ’or macro invertt.’h ra te co loni’tat ion and a small twi g in the sand may
become a crowded oasis .

Apparent l ’s the basket samplers welt.’ ( lie coun te rpar t  t i f  a r iff le , because (lie diversi ii~s
found there wer e approximatel y equal to the ones in the Kansas Rivt.- r The fauna in the samples
were typica l of hard sediments and f ist currents f’roni PIBS sariiples. Riff le habitats are generall ’s
considered very productive area s for col lecting macm oinsetehrate fauna because food and oxyge n are
usually abundant. During low f low , all cree ks were pooled t.’ scept  K(’ I . w hich was sustained h~
discharge s from the sewag ,’~ t rea tment  plant ,mnd the acid plant - In September . f’ewt.’r ( a s s  (33 in
June. 18 in September ) and more individuals (70~ in June . 535 in September) were collected than
in June at KC I . .S’tcimm ’/nmis spp. was predominant and t hree times niore abundant. The principal
difference was (Fiat several d ipter;in. mayf i’s ,  stone fly. m d  crustace a n ta~a were n’~ collected. T h e
insect disappearance can he corre lated wi t h emergcn lce patterns . During low flow the amphi pods
and isopods tend to c mmncc ntrate along the shoreline on algae amid root ed vegetation .

‘Flit.’ it. ’ cl im it. ’ in abun dance of (Ei,m,’ ts / iactt ’ sp is ptmizlini g because many species are wel t
adapted to sedi m nent ati isn ,mi id the nearly am ias.’rishic condit ion.s are typical of low flow.

Comparisons between June and Septem uher basket  samples froni the river are probably
not valid because baskets were exposed twice is man’s da~ s (30) in June as in Septeniher (1 5 ) .
During an exposure period, the community composition will gradually change . Graiing caddistl ies
and snai ls tend to colonize the substrates first , and these ire followed by Iiredator~ stomief ly and
alderf ly nymphs. The colonization pattern amid rate may he interrupted by scouring the substrates
during flooding or by s loughing cii’ organisms when a thick growth accumulates. Further changes in
co lonization occur: the species performing the gra z ing and predation functio n s may change during
eac h season. Their colonization rates arc depem id ent on t’ood , lig h t , ami d wat e r temperature.

3$

___________ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —.—--—-—— — --- . _____



I hiere tore , i t  is valid lit c’i)milpart ’ s.iiiip hi ’~ collected a f t e r  an cx pustire (I) the same c ou i t . l i t  s t i l l ’ s  i t t

st inl:ghit . hydrological r, ’ e in i le . w a t e l  tei i ips.’r .m t s i re . seaso n . and time. W e foun d that  in d~ narnic
t.’niv irmi nme nts l ike (lie K.iiis ,ss I~i’s cr . ar t i f icial su l ist ra it ’s prov ide t h e  Pest samp ling milt.’t hli)(l w nth which
t o  ~s t mmi i i a re  the commn uni it ies at dj f ’f e r ’ s ’ m i l  I t - s t .  at is - s mis in (lie riser. ‘Jiicsc ar t i f i c ia l  s uhstrated developed a
di ’s ,‘rsc repr ese nt , i tmve c s ’ m i m nl i tu m lm I’ v. ‘I bin 7 w t.’ ’ k s  during the su mmer. ‘sl.it.’r t i ns  t.’ r te h ra te s  il’:

~‘cinsi lt.’re d t i - s  he ext.’ellen I ind ic .st s i rs  t i m  s’s i t e m qua lit’s , however. si ‘ m ime organ isms ire sen s i t i se  t t

water— s lua l i t ’ s  chianges . an d t i s i c t  l i t  1 , 5 1 5  in their numbers col lected may on Is rt.’t lct. I p.itc Ii ’s
it i s t r nht i t m o nis . se ,mstuia l ‘s’ arn i t i i t m is . sr natura l population cv ’It.’s ‘t h e  aquatic insect a im ., ire s dis erse
group ot ’ macruins ert ehr sic ’s , mans cit which are nni portam it mn dmt.  s t irs of chamige s in water  t . j ua l i t
Bell t’oum nd I hat in t i lt .’ L ester Ru’. er , St.  Louis (‘om im i t ’ s  , Minnesota. Ins ist .It. Itiatic insect s ire
jh uiit.l s r i  I on rubble substrates , an d ,ms t ime substrate s ite decreased. lewer inset. I ”. w e r e  prese nt .  l I e
large rubble in th e basket  saniplers provides t.’ s ’ s ’ it ies of ’ di f ’f ’c rent s i / es . w hich :ippr is mate .i riihhle
suh~trate fe s crm bed h’s’ Bell. F’ullner 3 8 foun d that  basket samp lers collected II 5 t i  ~~i and 1 6 - 7

s t a l  ind iv i t . ht i a ls from f is t .’ r isers i’ o hio and t i - s at  these results were sL i pc rm st r  to all other
it uantnt s t m ’ .  t.’ methods av,iilahle. l)uring the suinniier . Slason 7 t’ouni d as many as ~~~ if the 1 it . i l

niL Iiht.’r i t  individuals in basket samplers were aquatic i m i s cc t s ,  lie also found t li , mt three replicate
h.ss kets e s t i m ated (lie sa m ple mean of a 10-replicate sample s’s i th m mi  20’ (for 95’ co nf i dent.c
hmni im ts  and that baskets collected a greater diversity arid ah um idan c t.’ of macroiu ’s e r te h~ ’ ic ’s t hiami
mmm li m p late smru plers.  W e found no s ta t i s t i ca l  l’s si gn ificant di f fere nce between time number (it  i.i \a .

i l iv m lu,ils ( . ich i um s i ed to area U or species dive rsit ’s for basket vers u s multip late samples in our stud ’s -

T lns.’re were t ’c’wer individual’s and the s mnip ic’rs had lower spec ies dis’ t.’ rsi t ’ s in ‘sl;istiti ‘s wi irk t h.m ni t i - s r
our w s t r k  in t i - s e Kansas River , This may reflect the poor wate r- st  ualut co nt.h it mons of the ( ) iiio Ri ’s er.

w here \1 ist~ i samp led.

‘the h ost abundant orgam iisniis col lected on h is k ct  resemble tho’ fauna that ‘s’s c r c

co hlccted by hand from logs amid detritus along the ri’s t.’r banks in September at low- f lo ss , Ib is
indica tes that art i f icial substrate collections w t.’ rt.’ rc pre s t .’ r s ta t iv e of t he endemic tax.i The odonates
s dragonf l’s anid damse lfi s ni’s tnphs were an t.’ scep t mciii being ahun d .mmit tinder wood ’s material and in
t he mud along the banks. I hese organtsn ls would not he t.’x pec te d on the , i r tm t ’m c na l substrat es
because t he’s’ art.’ mud hurrowers . This h abit allow’ th t.’rn to a’s t i r d m i i i ’s sh o r t—term c hanges  in w . i t  e m
qu.i hi is  C ) t . P t r i a t e s  were m is t  considered to he insensi t i ’s  c’ to man’s w i  ter— q ua h it  ‘s changes.

In add it io ns to t i l t .’ dami ’iselfl v nymn phi . , I r i .’ii !?i t t ’ it I , t . ’ l tc ’ t.’ted in basket sa m ples . t h e

following odonates w e r e  hand picked f ’romn de bris ilo. g t i e  K ;ins .is R u ’ s L I  banks t i m i  ~
) St.’ptt.’m her

197 5: ‘i rgia a~uict I , i , s ‘iirtu ’orthilia cii ’ t!i ’~ ta. (;‘ rn/s/mu.’. ( (
~, s?n/ r/s urm is ) u ’tternus , (i, (Sts  ! i m r U \

I , i ( r, ( ’utus , an d G (.~
‘i m lur u ’. ) p/u s Ea ts!. ’.,

Some spe c ies s i t  miiavf l ies and stonief lies are not to lerant i t t  t i l t . ’ l t t w  d~ssti lvt.’t.l—s ix ’ ,, et.’ ii
cs t m i  t t .’nts , t i- se low— f- s i  I. the high nutrient Ic ’s els ( t.’spec ia lls of ’ phosp li.itt.’ s and nitrogenous

co m pounds I. and ti-s e h ig h bioch emical oxyge n denma nds t~ pic~l cit ‘s rg.i us ic Pollution. TI - st.’ r rss i t .’c le d
loadin~ i of sulfur , n itroge n . ani d phosphiorus from the t im I rssgii au iid i nt. product non facility anid

dist.’hiargt.’s from support Fa ci l i t i e s niay ca u se  some ox ’ s gen deplet i on am id enrieiitiient t\  Pical of

organic po ll ut m oni , and s u ch changes may eliminate ix ’ s  gc ’ni-st.’ i l sm l se sI’ec ’es I i m i ’se n’ sm i’iphs .irt.’ sers
act ive crawling organisms , and many were prohahhy lost from our s imp le’s when the baskets  ‘s’s i re
collected. Beca list’ they tend to aggregate on hard st i  b~t n .s t es an d their ahumnidani dl’s are mis - s port in
data for water  quality assessments , basket sa! m lp h’s must he rt.’ t. ivere d un  a rapid and i t m is is tent
manner to avoid bias between ‘ssni ples. We suspect th at changes mn - s th~’st’ u’m)Iii pouic’ T i t s cit the aqu~it i s ’

community will he usct ’ul to evaluate (lit.’ nitroguanidine discharge.
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I’ m , lar’.’,ii’ ‘ ‘ I  t he true tl~ I Li t~~u
’ s ’”i i  spp I s u i t  ih i i  c , mmhmf t s f l i e ’ s  t ’ ’ n md to build t iu iuc ’s and

encr ust on hard ~s m h s t m . t t t . ’ - , It ’ i . s tu re  they misuse  Inure shs s,’.l’s a mid um u ~t st if  t i me m r i d i ’ sR f mm. , i s  that  ct . i i i

h~’ r~’t .ui m ie d s imm t im ’ ’ st t . ’’.’ - a re prol’ .s h i ’ s  ou it.’ c ’ te d.

I ’ sc ’ ( ‘I : : ’ ’ . i .’ - i c, fe , .,;tp l uimi dge 1. s ’ s , i ) i sa ’ s ’ a ss ide r.uige i t t  . ‘ us ’ s i r ssnrn en ta l re s h mim m t .’ m i i ent s

t ire ‘s’s , i ‘~ ‘s i  ,s mcn ited f i r  / ‘ i/i j ’ s ’ iiu/ii ”i i11E , u t i i ’t i. ’s i ’ , I v u  ,uli tdml r t’i,’tfliU .S sp., I)s r i (i ’P iili / ii ”s Si) .,

Pr . ‘c /a,iiiit “p . 
‘ , P r , . [ i s  h ’ s - “ sflmus sp , ( i l l ’ / t t H i s P u i / l ( ’ s ” s  s j i , ,  t l u ’r ’i t e imdip i ’S sp . and ‘/mi r s iu f lmus s ; t ; I ,

lhii ’st ’  et.’net ;i c ;m ’ t lc ’ r , s t t  ‘ ‘ \ l r ’ - m i i ’s in d m~si ,ic i’d i t  sy ~~en (~ ~ PPm), ha rt. huc’ss ( .~300 ppm . uglier

‘iori dc ’ 5 - ‘I ‘ i t ’ ~p m ’ ~. .eud h uss c hiemni c al i i ’ s ’ s  gt.’n de~is . , r i f s - -S 1 ppmn) . i6  I Pest.’ spc ’. ic ’s are n s r i i i a h l s

. , ‘ . mn d mu , ‘ m : - t i ~rcin~ ‘! h mc ’i: m i i i 1 . m , I m t ’ s  nmio -hc~ te to hugh hm ,s t.’ h i en it ca h is \ ~~gen de mnan ih . h u g h su l f a te .

‘nit ’ ~
i u nutr ient c- ,,”i i”t r .i l i ’ is

I l ee  hu t! i d :  ,ii c o f f l f l i i m m u h i c ”, in ti - se K,iii\ ,is hi ivc ’t and the d rainages from ~~ \ l  have

i, .~ ‘ t ue  r~ can e  i ’ i st ’,ison .si ‘ ‘ ,ik~. in fl ’s’.’ ‘ it. l nutr ients . ikt: ig (Fit.’ lea ’s- s se dim iier - s t l uLl’ .

w uic h the’s’ ~, i r m ’ , lii’ -~. . ! ‘ s ’ t’ d t x ’ s  ci ii dm d not S i R s  cr i t i cal  hii ’ s ’ s c’ n lim its during our nno n i t s i rmm - s g.

however change’s in ‘s ’ s , s ’- te  l iss ’h mrii i ’ , s u mul ieh t , li i’s’., sr l t a i m uu , an d phi na’s ~ausc ’ dissolved t i x s ~ten
ci i f l i’t.’ ru t r . i t u t ’ n s  I t ’  d e c r e a s e  t o  a r u t ica l  l~ ’ st .~l I l ie  non ui - s a l t s  i~ i~~U nut l i nt ,st id silt lis , ids now ui ri g m m u t e

t oni agricultural ss lu rc ’ c’s along ‘I! dr : tmn. c~’s miii ,s r~’ Iargei’i inert pan t i d e s  Fhe solids loadimi g Hmn

.i.sncu t : s c t u r i i i e  n-say c t s n t . u ’ m  metallic - i r  t , s s i C  particles .

P’ ”.ult ’ 5 r ’ , rm i fiRst.’ ‘,mnr ,e ’s~ ,ir- ’ ‘s’ i ln.ihl~’ in c” s~ 
phishi ’ .m ,’ the ‘ ommmpt i ’~m 1mufl of t he i s s i u m . i t i c

c i- snumu n t ; .,’’ anid S l i t . ’ q u m a I i t ’~ of ‘ s ’ . .m t e r  in each drai n,ugc i che m i ’ ah ls amid hm s s l i izic ,s lls I: in idenitit ’s uml ~
w h.mt t , i c t s t r s  t i  rm ie ,s~ m m r , ’ , a m i d hs i c ’ s to iue ,s sur c ’ t hem ,  and m u e~I nn a t im g t he iru ple s i t es  mi ,’ , c ’ s ’ s , ml ’ s to

.sc hu meve ~utiiit.’ level cit prec is ioiu s ’ s u t l u u i l  s i t ruu t . ’ s i , i t i s t i c .m l t. , u i m m c l e n s e  i e ’ sc’ l S’ .hst l , . t e sa im i p h i nug meth i t ’ s ls
IPIB S .umud dip nc ’ t )  w e re uses,) in the re f ’ s . hc ’ c : m u ms c - f l i t .’ i] 5 m ne s cot ired I’ : ’ ’ . i r t f l i c ia l ‘,u h ” t r , i t c ’’s ,

and during droughts ti - se f i’sed :i rtmt it’ ial s uhs t n ; s tc ’’ ‘s’s ’ r , ’ t.’ ” sposc ’ h  ( ‘( i u i ’ ,u l  ml i i , ’ s ;snT lphm lg l i ca t m t i r i ~
w c rc  standa r’ i i  i’ s ) by c mu rrent ve loc i t\  ,irit.i su bs t ra te  s i / c ’ mnt.’as si r n-se’~ - \ r tm  t ic ’ ia l s im hs t  r a t e s  wo rked

w el l  ~i fl ue Kan ’ :t ; s~m ’ .er . ami d i t m i l ’ s  a t ew  rc’p l t ca t t .’s wer e needed It s ohLuin ‘s t . i tmst i c a l I~ reliable
I c  s u it s .

‘[‘lit.’ a q u a t i c  c i i ’ s  ir iu m im Ii ent is a comnph c ’’. s ’ s ~t ’ ,’ n m i  t . i  i s m i l r m ’ . m m m g  ,l’s u,imic hiologut.a l. che m ical,

.~nd ph’,’ s icil l a c t t t r s  fl mc’ r e f u ’r . ill s urvey ’s  sf  hi’ ‘ I t s  i~ .s l c’umm ntm m ’i m t m t . ’s ami d ‘ . ‘ s.u t c’i qualm i ’ s  should rt.’l~
,ucire heavil ’s on c( rnp.iri’suns hen w t.’en pla5e ’ at the 5.1u sd  t i m u : e  I P311 het ’ .’s eem i ~,u~iiphinig per’u uds

Studie s of tt.’ i su p t i r i~ ‘ s , i i i . i ,  on mc ’’ h l m u r e  e x t e n d e d  s tu i l u c ’s lit ,‘~ t , m h his lu  t rends and s - a r i a t u s ’ m l -  I lie su mn ’ ’ s’ es

resu lts pr’ ’sc ’ u i t  s a i m s ; . I m r : g  Ssd , i t iOul s ar -s d nn et lm , ,k s i t  sh i s i mi ld prt m ’ s ’ udc’ m ’ , ’ i i . ub ’ I , ’ l.if .i Ii’ ! t ’u u t t r c ’ wo rk

.i itc r t i m . ’ c i u n \ t n i i c t u i s n  s , t  i i i ’ ‘~~~~
‘ ‘

~~~
‘ ci t.ii ’ i l l t \
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APPENDIX A

WATER-QUALITY I)ATA

Tahlc’ s A-I to A-I 2 give the summaries of water -quali ty data f ’rom t he smx creek station ’s
m d  (‘rum t he two river statiom is.

Fable A-I . Suunimarv of Water- Qual ity l)ata From Kill Creek Station 1 , 2-3 June
1975

N od  Standard -Parameter Mean , Minimum Maximum
samp les dev iatmon

Atkat m nuty ,a total , mg/I of CaCO 3 6 198 .5 2. ) tt 193.0 200.0
Chloride , mg/ h 6 6. 7 .75 6.0 7 .5
Conductiv ity.b pS/cm~ 554 41 9 .1 71. 9 151.0 549 .0
Hardness , to t al , mg/I of CaCO 3 6 156.7  27 .14 140.0 210.0
Nitrate , NO3, mg/ I of N 6 1.55 27 1.3 1.9
Nuir i te , NO2, mg/ I of N 2 .029 .00 1 02X .029
Oxygen . dmssol ved ,b mg/ I 554 8 .13  , 5u  6. 92 9 . 14
pH ,’~ SUd 554 7.87 . 12  7 .53 8.04
Phosphate , P04 ,  mg/I of P 6 .08 .01 .05 .08
Residue , mg/ I:

Fif t erabte 11  1 ,577.6  78 1 .8 620.0 2 ,580.0
Nonfitterable t O 205.8 60. 1 94.0 214  0
Total I I  1 ,843.6 785.3 840.0 3 ,040.0

Sulfate . mg/ I 6 47.7 1.86 45.0 50.0
Temp erature ,b °C 554 18 .78 1 .55  15 .3 5  21 .35

aT itramed to a p it of 5. 1 .
hCi,nui n ui>us mssn iio ring, 1530 . 28 M v  m m ’ 1400 . 3 June t 975.
c 1 s = i istun m inho ,

= s manda rd uni ms i m t r  pt1. i .e., minus the logari t hm ii ihe co ncentraui s ’ n ‘1 111 301

Table A-2. Summary of Water- Quality Data E’ron ii Kil l  (‘ ree k Statiom i 2. 28-29 Ma’s
1975

No. of StandardParameter Mean , Mur m immum Maximumsamp les deviation

A lka l in ity , s tota l , mg/ I of CaCO 3 2 207.5 3.5 205 0 210.0
-. - 

Chloride , mg/I 2 7.5 - 7. 5 7 .5
Conduct iv ity, ~~ #S/c m 1 2 1  343.8 .13 .22 290.0 4 10 .0
Hardness , to ta l , mg/I of CaCO3 2 137.5 10.6 1 20.0 145.0
Ni trate , NO3 , mg/I of N 2 1.4 .1 4  1 3  1.5
Nitrite , NO2, mg/I of N 2 .022 .00 1 .02 1 .023
Oxygen , d issolved , mg/I 122  7. 94 .12 7 60 8.20
Phosphate , P04 , mg/I of P 2 .04 .00 .04 .05
Residue , mg/ I:

Filterable tO 970.0 4 14.33 3 .,0.0 1 ,600.0
Nonfi lterab le 10 122.0 30.48 60.0 160.0
Total 10 1 , 212.0  174. 92 920.0 1 , 360.0

Sulfate , mg/l 2 33.0 - 33.0 33.0
Temperature , ’ 

0C 122 20. ! 1.06 18.5 22.0

Tit rated to a pH of 5.1 .
‘Conuinuout monitoring, 17 20, 28 May to 1400 ,30 May 1975. ~~ “ “.“ ‘

k’.
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Fable . .\— _ 3 , Stin s uniar ’s ’ of Water— Quality Data From Spoon (‘reek Statmot i I . 1— 2
June I 975

i~, ramc ’ue r 
- 

No . of Mean Sta ndird M unm in urn Maximum
samp le’s deviat ion

.~IkaIu iIuiy . * t o ta l , mi-sgJI of (‘a(’03 12 186.5 IO ,5 (  175.0 2 I 0.0
(‘hloride , nng / l 1 2 8 . 3 I 83 9 .0 11.0
(‘s i nductuv i ty . ** pS- ’ c riu 178 495. 7 5 1 .16 390.0 578.0
It . i rdne ss , io ia l, mg/I of CaCO 3 12 2 10 .2 17 .22 1 70.0 230.0
Nutr : i t s ’ , NO~~, mg/ I of N 12  2.24 .30 1.8 2.70
Niir uie , NO-, . mg/i ot N 12 .08 .0 1 .07 .10
Oxygen . dissolved .** mg/ I 178 7 .67 .40 6.80 8.20
Phosphate , P04 . mg/ I ol P 1 2  .1 0  .02 .07 . 1 1
Sulfate . mg/I 6 56 .2 4 .83 50.0 60.0
Te n ip erature .** “ (‘ 178 16. 7 1.32 14.5 19.7

• l’s nraned no .s p11 ‘2 5 i
~~(‘sifl minu ,,s ,’c s,lon,iisriilg. I 830 . 35t Mac in 1425) . 3 June 1975 .

Table .\-4 Sunimarv s i t ’ W ater- Quality l)ata F rom Captain (‘reek Stat ion I. 3-4
Jumie 1975

N,’ of Standard -I ar, i i i uene r Meats - . Minimum Maximumsampl es dev iation

,‘\ I k , i lu rs s ic . total , nug,I ‘ u S (‘aCO 1 4 87 . 5 6. 46 80.0 95.0
(‘hlonde , u s u g I 4 6.3 .50 6.0 7.0
(‘onductuvi ty ,  • p5 ~in 83 269 .3 2 1 .6 8 235.0 326.0
Hardness . t im i a l  - mg ‘I sa (‘ a(’01 4 I I  3. 8 8.54 105.0 125.0
Ni t ra te . NO~~. mg/I ‘it N 4 1 . 45 95 .50 2.50
N u i r u t e  N( )

~~
, mug /I of N 4 .0 2 .01 .02 .04

Oxygen , dussolvc .d ,** mg/I  83 7 42 .48 6 .66 8.6 2
pf l . S I ’  83 7,50 .06 7.38 7.60
Phosp haue , I’04 . mg/I it P 4 .07 .02 .06 .09
.Ss ,It,i u, , mgi 4 32. 0 3.3 7 30.0 37.0

L~
mnpd1at

~~~
** 

O
(

~ 83 20.58 .99 1 9 . 45 23.0

I i n rate d i i ’  a pit ‘ ‘ 5  5.
“(‘onuinu,,u~ ns ’ t us mi ’ r ins : , i 7 i 5 . 3 June i i ’  134 5 , 4 J ur i~ 1975.

Table A-S. Suti-smary of Water —Quality I)ata From Captain (‘reek Station 3. 3—4
June 1975

No. of Stand ard -Paranieter Mean , , Minimum Maxmmurn
samp les deviation

A l k almn mty, ’ tota l , mg/ I of (‘aCO 3 7 76.4 6.90 h’~O 85.0
Chloride . mg/ I 7 o.6 .54 6 .0 7 .0
Conductivity . t pS/cm 59 259 .6 60.8 100,0 338,0
Hardness , tota l , mg/ I of (‘aCO 3 7 104.3 1 1 . 3 4  90.0 120.0
Nitrate , NO 3. mg/I of N 6 4.40 . 46 4 .0 5.3
Nitrit e , NO2 , mg/I of N 6 .049 .00 .05 .05
Oxygen , d iss olve d , mg/ I 59 8.0 ! .2 8 7 6 8.6
Phosphate , P04 , mg/I of P 7 . 1 2  .03 .06 .16
Sulfate , mg/I 7 44.1 o 82 30.0 50.0
Tempe rature ,*I °C 59 20. 13 . 87 19 .3 23.0

‘IotaI al ka li n i my us uuu ra t ed to a pit of 5. 1 .
Con ti nuo us monitor ing, 1620 . 3 June to 1430 , 4 June 1975.
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[able A-6 . Summary of Water- Quality I)ata From Kill Creek Station I , 30-3 1
August 197 5

No.of  Standard -
Param eter Mean - , Minimum Maximumsamples deviation

A lka l in ity ,a to ta l , mg/I of Ca(’0 3 8 134.8 , 2. 12 132.0 138.0
Chtorude . mg/ I 8 45 , 2  .96 43.5 46 .0
Conductiv ity ,b pS/cm 95 1 ,021.9 13.! 5 1 ,000.0 1 ,050
Hardness , total , mg/I of CaCO 3 8 302.0 2.83 298.0 304 .0
Nitrate , NO 3. mg/I of N 8 2.36 .32 2.0 2. 9
Nitrite, NO 2 ,  mg/I of N 8 .01 .00 .01 .01
Oxygen , dissotved.h mg/I 95 8.2 1 1.57 6.0 10.5
pH.~’ Si~ 95 7. 94 .16 7.50 8.35
Phosphate , P04 ,  mg/h of P 8 .08 .00 .07 .08
Res idue , m g / i :

Filterable 7 760.0 109 . 3 574.0 884.0
Nonfi lterable 8 52.0 7. 4 1 38.0 64 .0
Total 8 625.3 4. 77 620.0 632.0

Su lfate , mg/ I 8 204.5 22 . 19 198.0 240.0
Temperature .h °C 95 25.88 1.38 24 0 29 4
Turbidity, FTIJ’ 8 5.63 2 .56  2.0 9 ,0

aT itr ated to a p t’t of 5.1 .
hConiinuous monItoring, 29-30 August 1975.
I ‘Ii,’ = l iii mnazin turbidity units ,

Table A-7. Summary of Water- Quality Data From Kill Creek Station I. 2-3
September 1975

No, of StandardParameter Mean , - Minimum Maximumsamples deviation

Alkalinity, ’ to ta l , mg/ I of CaCO3 8 152.8 5.34 144.0 160 .0
Chloride , mg/I 8 35.3 76 34.0 36.5
Conductiv i ty. ” pS/ cm 3S8 955.7 39 .53 850.0 1 ,000.0
Hardness , total , mg/I of CaCO 3 8 267.0 2 . 14  266.0 270.0
Ni t r a te , N03 , mg/ I of N 8 1.54 .32 1 . 2  1 .9
Nitrite , NO2 . mg/I of N 8 .01 .00 .01 02
Oxygen , disso lved ,’’ mg/I 32 1 7.66 1.58  5.5 1 1 .80
pil ,” SU 358 ‘,. 90 .1 7 7.60 8 .30
Phosphate , P04 . mg/I of P 8 .08 .01 .07 .09

._.. ~~.., P Resi due . mg/ I:
Filterable 8 432. 8 25.45 384.0 460.0
Nonf il terah le 8 7.25 4.98 3.0 16.0
Total 8 54 1.3 13.65 526.0 562.0

Sulfate , mg/ I 8 156.5 10. 73 144.0 172.0
Te m per a t u r e , ’ 

O
(~ 358 27.40 1 .08 23.8 32 , 2

Turbid ity, FTU 8 6.05 4 .~ 8 0 9 .0

‘Titrated to a pH ‘f ‘ 

—

“ Cont inuous monitoring, 1 500, 29 August to 1100 ,4 September.
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I able ..\ -S . Stun mt i~ir~ of Water— Q uali ty Data From Ka u-s ’ sa ’s R iv c ’r Station 2. 5 J u n e

197 5

(‘.urarinete r No . ot Mc’,iii 
Sta ndard Minimum Maxim um

samp les dev uuu i ion

\Ikal u ns t~ . ‘ tota l .  mg/I is t (‘aCO 3 7 130.0 2. 8’) 125.0 135.0
Chlorid e . mg/i 7 2 1 .29  76 21 .0 22.0
(‘ o n d uc t uvut y . ” pS/c nm 25 438.8 2 ,3 .78 396.0 480.0
h ardness , total , mug / I i)t CaCO 3 7 1 5.0 4.02 160.0 170.0
Ni t ra te . NO 5, s m u g - i  of N 7 1.40 1.52 .80 4.00
\ u i r s m c ’ , NO-,, rug/I of N 7 .097 .049 .42 .163
Oxygen . diss s iIvc ,it ,** mg/I 25 7.18 .07 7 .06 7 .34
p it, ’’ St 25 7 7 3  02 7 o7 7 .7S
Sulfate . m u g I 7 44.0 14.38 12.0 55. 0
T em perature .t’ °C 25 22.74 .54 21 . 90 23.4S

Ti iraied m o a p1) ‘ f 5 - 1.
‘‘C’o nmin uo us rns s n i nor i ng, 1 050-I 650 , 5 June 1975.

Table A-9 . Summary of Water— Q uality Data From Kansas River Station 2. 27-28
- August 1975

No . of StandardParameter Mean - .  Munumurn Maximum
samp les devu auu on

.~ i k , i tu nu tc .’ total . mg/ l of CaCO3 8 149 .1 3. 18 146.0 154.0
(“ h lor md e. mg/ I 8 56.6 1.95 54 .0 60.0
Conduct ivity. ’’ pS/cm 475 752.5 105.8 565.0 1 ,010.0
llarslnt ’ss . total , rngJI of (‘aCO 3 8 209 .7 6.55 204 .0 218.0
N uts a ic ’ . NO 1. mg/ I of N 8 2.13 .27 1.8 2. 6
Nitr i te . NO2 . mug / I ol N 8 .04 .01 .04 .06
Oxygen , dissolved ,’’ mg/I 47 5 7 .57 .49 6.52 9 .45
pH .” St 475 7 .87 .06 7 ,74 8 . 1 1
Phosphate. I’04 , m g i  iii P 8 22 .01 .20 .23
Resid Lie. mg/I

Filterable 8 481 3 3,5 .5 2 438.0 546.0
N ’sr i t s l ie ra hlc ’ 8 225. 8 4 9 1 3  1 1 8 .0 272.0
ristal 8 670.8 33.86 626 .0 730.0

Sulfate , m u sg / I 8 11 2 . 4 12.06 100.0 130.0
Temperature ,’’ °C 475 26.31 1.33 24 2 29 .2
Turbidity, FTU 8 79 .1 55.3 29 .0 143 .0

T mn ramed m m  a pH of 5. 1 .
~~(‘ont inusius monitor Ing . 1 100.27 Augusu to 1030 , I September 1975.
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Table A- t O . Sumiimary of Water -Quality Data From-si Kansas River Statio n-s 2 , 29-30
August 1975

No of Stan dardI’ ., ran us et c r Mean , .  Mmnumum Maximum
samp les deviation

.‘\ Ikal insn ~. . total . tug/I o f CaCO 3 8 149 .0 1.82 144 .0 152.0
(‘h lormde , mg/I 8 69,8 3 .1 6  65.0 74.0
( ‘on d.t~ t s v u m ~ . ‘ pS /c m 475 752.5 105.8 565.0 1,010.0
hlarituui ”,’.. t o ta l , mg/ I of CaCO 3 8 207.8 4.06 101 .0 2 12.0
N s t r . t h ’ , N0 , mg/I it N 8 1.76 .37 1 .30 2.50
\ i t r s t e , NO 2.  mg/t ot  N 8 .029 .003 .026 .033
Os~ gs ’ui . du ’ ,s s lvt ’d .’ mg/I 475 7.57 .49 6 .52 9 .45

~Il . ’ St 47 5 7.87 .06 7 .74 8 . 1 1
Phis’.pt ia t c , P04 , nug l iii P 8 .20 .02 .18 . 15
Resm dtu e , mu g ‘I

Filterable 8 496.5 1. 1,76 472.0 516.0
N ’uul s l ierahl i ’  8 176 .5 16.02 154 .0 198.0
Total 8 654.3 75.57 588 .0 794.0

Sulfate , rug/I 8 118 .75  4.43 110.0 125.0
Temperature ,’ °C 475 26.31 1.33 24 .2 29.2
Turbidity , FTU 8 102.3 I 3. 92 8 1.0 124.0

‘Continuous monitoring, 1100 , 27 August to 1030 , I September 1975.

Table A- I I. Summary of Water- Quality E)ata From Kansas River Statio us 2 . 4-5
September 1975

1 No. ot StandardParameter i Mt ’ ai m , . Mun um uns Maxumun u
samp les deviation

Alkalinity,’ total , mg/I of CaCO 3 8 155.8 1 1 .54 138.0 154 1)
Chloride , mg/I 8 64.8 46 64.0 65 .0
Conductiv i ty , ” pS/cm 380 1 ,027.0 t, 5 . 2  880.0 1 , 150 .0
Hardness , tota l , rug/I of CaCO3 8 218.4 40 , 17 185.0 282 (1
Nitrate , NO3, mg/I of N 8 1.26 36 .8 I 9
Nitrite , NO2, mg/I of N 8 .014 .007 .005 .023
Oxygen , disso lved ,’’ mg/ I 380 9 ,43 2.03 6 75 13 70
pH.” SU 380 8 .29 .19 7 94 8 71
Phosphate , P04, mg/I of P 8 .17 .02 .14 2 1

—~~~ P Residue , mg/I:
Filterable 8 659 .3 45. 86 594.0 706.0
Nonfi lte rab le 8 54.8 1 3 .22  42.0 80. 0
Total 8 760.5 19 .7 730.0 792.0

Sulfate , mg/I 8 1 7 1 . 5  10.24 160.0 186.0
Temperature ,” °u 380 28 .05 u. 67 24.45 3 1 . 1
‘i’ urbu dity . ETU 8 4 .63 2 1 3  2.0 7.0

T itrated t im a p it of S I
“ (‘ont m nuou s munhusir ing , 1 050 , I Sep uembem i i ’  1(530 , 5 Septembe r 1975.
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Lible ..\-I 2. Summary of Water-Qua lity Data From Kansas River Station 2 , (s-7
Septen-sher 1975

No of Sua nda rd -Parameter Mean - Munumum Maxu mum
samp les deviat ion

Alkali nity,’ total . mg/ I of Ca(’0 3 8 15 1 .3  6.4 1 145.0 160.0
(‘h lorude , mg / I 8 53.5 3.55 50.0 58.0
(‘onduutuvuiy .” pS/cm 19 1 97 1 .5  98.6 790.0 i , I 60.0
Hardness , to ta l. mg/I of CaCO3 8 227.5 19.82 200.0 260.0
Nitrate , NO 1, mg/I of N 8 1.35 .42 1 .70 1. 90
Ni t r i t e . NO,, mg/I of N 8 .014 .00 1 .013 .017
Oxyge n , d issolved ,” mg/I 19 1 9 .82 1. 94 7.32 13 .63
pH,’’ Si) 191 8.54 .15 8 .29 8 .75
Phosphate , P04 .mn g f l  o f P  8 .19 .05 . 1 3  .25
Residue . mg/ I:

Filterable 8 685.5 49.2 1 638.0 762.0
Nonfitterabl e 8 77.25 15.6 62.0 100.0
Total 8 784 .5 52. 6 2 702.0 854 .0

Sulfate . mg/I 8 162.0 18. 76 146.0 200.0
Te rn peratur e ,’’ °C 191 23.89 1 . 1 8  2 .21  2 5 .5
Turbidity. FTU 8 6.75 2.71 3.0 11 .0

‘T ut rated uo a pH of 5 I .
•~ ( ‘ , ‘ i1iiiiiI ~’U ’. monItoring . 11 3 0 , 5 September mo 11 ( 1( 1 . 7 September 1975.

— P
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APPENDIX B

REPLICATE SAMPLE DATA FOR ALL SIX CREEK STATIONS , MAY TO
JUNE 1975

Tables B-i to B-3 give the replicate sampling data f ’s s r  t i- se si~ stat ion is , CC I, CC 2 , ( ( ‘

3. K C I . KC 2. and SP(’ I for the May-to-June survey. Table B-4 gives the spec ies diversity and the
rc ’ i t uu m lu l I n L  \ l’or these stat ions , as we ll as the nuniher of Species observed.

Table B-I. Data for (‘C I and C(’ 2

(‘( ‘ 1 C C 2

ía son Replicate Replicate

I 2 3 4 5 1 2 3 4 5

,l rg ua m o e sf a  0 1 0 0 0 0 I 0 0 0
As tacudae sp.  1 I 0 0 0 0 1 0 I 0
.. l rhe ru x sp. 0 0 I I 0 0 0 0 0 0
..llh rmjs .cmis’s sp. 0 0 0 I 0 0 0 0 0 0

- / ), i, - ro ‘.p 16 3 1 4 9 4 9 10 1 1  5 4
I Bra,ui ’/ ’u us —a s, is c r/i s 1 19 0 0 1 0 0 0 0 0
(‘iJ(’ssIi~~p 3 4 0 4 c 6 7 m, 7 3
( ‘ cra t op ig ’i n us i i i i sp, 0 I I 0 0 0 0 0 0 0
(‘~saob ,irus s t .  0 0 0 0 0 0 0 0 0 0
( ‘/m eumatopsv che SP. 404 3 1 2 1 8  .5 1 9  .5 s3 I t S  22 3 148 96
(‘ 1 i u r i s s i , ’ s r u i ~, ‘,p. 0 0 0 0 I 0 0 0 0 0
( ‘h rs i . j s s p .  0 0 0 0 (1 0 0 0 0 0
( ‘ ‘/le ’mhola sp. 0 0 0 0 0 0 0 0 0 0
( ‘ , r i s u ,/a, ’ ‘.p 0 0 1 0 I 0 0 0 0 0
(“s ’ s/a/ui , sp 0 0 0 I 0 0 I 0 0 0
( r s l u , ’ i i r J s p  0 0 0 0 0 0 0 0 0 0
( ‘ rs , t . p u m  sp I 0 0 8 0 0 0 0 0 0
( ‘rm rii i i i -hm r i issiim u ,c s p. I 0 0 2 0 0 0 0 0 0
D ic r cst e mm di p es sp. 2 0 2 I 1 0 0 J 0 0
l) ubsrap hucz sp 5 I 2 4 0 I 2 0 5 0
b, uk me/ J r ’r us ’! la  ‘~p 0 0 0 0 0 0 0 0 0 0
/ - , ‘ r r i cs i s j  A’ ,r~,j an d u  0 1 0 0 0 I 1 0 0 0
(;I s ’p ui tend ip t ’s sp. 0 0 0 0 0 0 I 0 0 0
llemuptera s4flk 0 0 I 0 0 0 0 0 0 0
//,rud,nea mink 1 0 2 0 0 0 0 0 0 0
IIs’afle!a azieco 0 0 0 I I 1 6 2 I I
liv drop hilu .c sp . 0 0 0 0 0 0 0 0 0 0
Fir i/Pci plila sp. 2 I 2 4 0 0 0 0 0 0
/cchnur,i sp . 0 0 0 0 0 0 0 0 0 I
!.winvch,a s p , 4 1 7 20 35 0 .57 33 36 IS 7
J , uci ’ru s sp. 0 0 0 0 0 0 0 0 0 0
l. s ’mnaea sp 0 0 0 0 0 0 I 0 0 0
if s, P’iif, ’fli/spi ’ r sp. 5 2 0 I I 0 0 0 0 0
V, ’ iiperla s p I 0 0 0 0 2 0 0 0 0
()1igr~ hat ’te sp , 2 6 5 0 5 0 2 2 7 2
!‘orar hur, ,ns ’ mus sp 0 0 0 0 0 0 0 0 0 0
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Table B-I. Data t’or (‘C I and CC 2 - Concluded
- 

( ( 1  
_ _ _

1., s. ‘ii Rep l i ca te  Ri’plu ~ aft ’

— 
I 2 .1 4 5 I 2 3 [“i~

’ 
~

! 5 ’, mta pm i ’ mi ra ‘.p. 9 2 4 10 2 2 Il 4 6 I 3
Periesn~tsi ‘ .p. 0 0 0 0 0 0 0 0 0 0
/ ‘ ‘I , m ’ s  ,‘ ‘hs,, ,J, i  0 0 2 0 0 0 0 0 0 I
I’ i % ’ ~,5 /m,, ’ ic ‘iii 2 C) 0 4 2 0 I 0 0 0
f ’ / ( ’ ( . ’ , ’ f i ’ r 1 u 4 ’i k  0 0 I 0 0 0 t) 0 0 0
!‘ . ‘ / s  i’s ’Ju/ui~~u sp. 8 0 7 26 ‘~ ‘5 s 3 1
/ ‘r, , i ’ / , j ,j :mo ‘.j’. 0 0 0 0 0 0 2 0 0 (1
/ , ,‘ ,- ? r . i , - / j , j j u . s ’ sp . 0 0 0 0 0 0 0 0 0 0
F’.semi d, , s’im ir , s ,moo nu. c sp. 5 0 3 2 4 0 0 I 0 0
R/m t ’ is ra , m i’ rar,cu , c ~p. I 0 0 5 0 C) 0 0 0 0
Supmmni/ imi ,n sp. 3 I 5 II (3 5 12 6 23 6
Sp/m ucrsn inm sp. 3 0 0 30 0 .1 0 0 0 0
,S’ !, ’ p u i ’ I ,n u i  sp. 75 IS 154  83 1 94 55 15) 7 S ( m 16
Ste , ms nema ~p. 7 S 3 2 5 II 7 6 4 .5
S(r,cts,c ’/m ir i, n, , , , , us sp , 2 0 3 1 0 0 0 0 0 0
Ta , mu ’tar .’iua sp. 0 0 I 0 0 0 0 0 0 0
Tr,co r i ’tim, ssls ’ ,c sp. 3 0 0 6 0 3 0 2 0 0

Total individuals 605 101 452  571 41 267 277 469 281 154

Table B-2. Data f or C(’ 3 and KC I

CC3 K( ’ I

I .is.i in Replicate Replicate

1 2 3 4 5 I 2 3 4 5

i r eiu , , u ’os l i j  0 0 I 0 0 0 0 0 0 0
h ia , us ia ,  ‘.p 0 0 0 0 0 0 I 0 I 3
i i i , ,  r us  s p. 0 I I 0 2 0 0 0 0 0

- t i / i r i p m . ’ J m ’ m ‘.p 0 0 0 0 0 0 0 0 0 0
/6i t .’ m ’.i’ 3 0 5 0 0 0 S 0 7 0
/ ?,a,u /t st, ra s ’s’ r / ’ u - m  0 0 0 0 0 0 0 0 1 4 4
( ii nu ,s Sp I 2 5 ii 0 1 0 0 2 0
( ‘, r.Jf.sp ” s e i,sis/as ’ .sp. 0 1 0 0 0 0 I 0 0 0
( ha. . /’ .’ ruo ‘.p 0 0 0 C) 0 I’ I 0 (1 ‘J

‘Jo uinuat . ps i s -/ m e sp 45 96 106 86 10 4 1.~ 4 I .5 24
( J , i r . . , i . ’c i i u o  sp 0 0 (1 0 0 0 2 0 I 0
( ‘ S i r s  s’i ,is s p. 0 2 3 0 0 C) I 0 0 0
( ‘ollt’p nhciia sp 0 I 0 0 0 0 0 0 0 0
( ‘ ‘v u s .u/ i /s ’  sp 0 0 0 0 (3 (1 0 0 0 0
( ‘s rsc/ i thss sp 0 0 0 0 0 0 0 I 0 0
( ‘ i r r ,ue isv ~J s p  0 0 0 0 0 0 0 0 0 0
( r u i c i 6q ’ t ss  sp 0 (1 .1 0 2 3 0 3 I 0
( j i f i ,~ iiir o,s,,ru iu . c s p 0 0 0 0 0 0 0 0 I 3
Thcrof end ipcS  Sr 0 0 0 0 1 0 I (3 0 I
I) ulnraphla sp 0 I .1 I 0 3 0 I 0 0 I
I u k s s ’ / J e r m s ’Iia sp , 0 0 0 0 0 0 I 0 0 0

si c Ic, r kt an d i  I 2 0 0 0 0 0 0 0 0
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Fable 11-2. Data for (‘(‘ 3 and KC I - Concluded

L

I - i c r }~s ’ : ’ Iuc: i t t ’ I~s’p l u .

~~~~~~~~~~~~~
!/. r’ : s f ’ t i ’o, iso ’ .  0 0 0 0 0 0 0 0 0 0
i f , ’ ’ : s . / . ’; , ,s u r i S ,  I 7 0 I 0 5)  0 0 0

1// m /s! a :tei a (3 (1 (5 1 1 1 I 0 0 0
!l i J~~’j ’) i . ’hi ’ ‘.p~ 0 0 0 0 0 0 0 0 0 0
/ I i . i v . s ; ’ i s ,j up 1 1 0 0 0 0 0 0 0 0
/ss ) , rs:sr j ’,p 0 0 0 0 0 0 0 0 0 0
/ .cs ,,zvc/iia sp 4 0 ~, .1 0 0 I (3 (3 I
l . , ’u ’ sp ~ 0 0 0 0 0 (3 0 0 I .5

“5 ‘hR ’S “p 0 0 0 0 0 0 (I 0 0 0
5 / , ,  r, ‘r , ’r o f u j ’ , m Sr. .5 0 I 4 0 2 8 1 5 4 1

0 0 0 0 0 0 0 0 0 0
O/a g i i th ae t a  sp , 7 0 0 1 0 53 3 1  S 51 3
Parac h i r i , ns ,n m ui s ‘.p~ 0 I 8 2 0 0 0 0 0 0
I’s ’nra, u eur a s p. 0 5 13 1 1 2 17 2 7 7

r s , - . r r ~j  sp. 0 0 0 0 1 0 0 0 0 0
I c r / s oc p /co da 0 0 0 0 0 0 0 0 2 0
I’h u ~-j  hsj w v m su 0 5 5 4 2 0 0 0 6 I

0 0 U 0 0 0 0 0 o 0
I’ s / i ; ,  , i : r5 ’ ’u “ 1’ - 2 2 7 ‘ 5 Is , 6 II 2 17 5
/‘ r ’ , - / , i . i s u ,m sp 0 0 0 0 0 2 0 0 I 2
/‘ ,,- t’ . ,’/ ,,. j s us s sp 0 0 0 0 I 0 0 I) 5 ) 0
I’ - , . :~ i - . J ’ - o r ’  ‘ m r u u s  sp 0 0 2 0 0 0 0 U 5 4
R h - i a ’ s -, T I n t s  S~~. 0 2 0 0 4 1 0 0 2 0
.S;cim ui /s uvr i sp 6 8 I I  I I t I I (5  1
S ç- ~ui , - rs uirn sp. 0 2 0 2 0 0 0 0 0 0

0, /0:15 ‘.p 27 16 32 35 3 7 9t I ~ -to IU~
Sr, ’ n r ui ’oia ‘up 4 0 I 0 0 0 0 0 0 I
S i r : , - : - .  Jr,r ’ ’ ,t , ,c iuui , ‘up. 0 0 0 0 0 3 ( 0 o 0
1,10 ii, iii’ sp. 0 0 0 0 0 0 0 C) 1 0
I r s ,  ‘ u r i r . . s I, , sp 0 0 0 (3 0 0 ~5 ii (1

‘To ta l individuals 111  ) “9 2 1 5  157 5 2  87 I s’ ~ 2 7 I ‘S7 2 1 . 5

‘ I .thls. ’ 11—3. l) , ut , m f o r K( ’  2 and SP(’ I 
—- ------ .- - , .-

~~~~~~~~~
- - - ---—-—.— —. ____________________

K ( 2 SP(” I

I . i s ’ i m s  Rs ’~’ I u i  i t s  Rt’pi uc ’,ite

1 2 3 4 5 I 1 3 4 5
= -=~~~~-~~ = = = = = =

4 rgw vu”,  i r a  0 (5 0 0 0 0 0 0 I 0
‘I s / u  uda i- ‘up 4 2 ti 5 .5 I 0 0 0 0
Itheri.~’ ’up 0 0 0 0 0 I 0 0 0 0

..I thrupsodt’.is p . 0 0 0 0 0 0 0 0 0 0
Fia.’(i.r s i i 0 5 4 I 2 2 0 0 0 0
Bronchiura , iosc s ’ r h s i  0 0 0 0 0 0 0 0 0 0
(‘aeni.c sp 1 5 2 I I I 6 0 0 0
(‘era top ogsi nid o e sp 0 0 0 0 I 0 I 0 0 0
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‘l’a ble B—3. l)ata for K(’ 2 and Slk’ I ( ‘onci tided
-_-_ - -- -~~~~~~~ 

_ _

I . 5 .  ‘ i i  Replicate Rt ’ p ts ~ iie

us ’ p I 4 I 5 5 7 ( 5 2 0 0
u s,m s . u r s ; s s  ‘ I n  ‘up 3.5 I’l l 2 1 4  77 17 3 12 8 2’) 31 75 13

‘ : ‘ ‘ r i . m m m u u i sp ,  0 (3 I 0 0 0 0 C) 0 0
C / r i  - ,.,,ic ‘up 0 0 0 0 0 C) 4 5 0 4
( ‘ r i / / s , p u / i , , / a  Sp. 0 0 0 0 0 0 ( 5 0 0 0
( ‘ . ‘ “ r  ‘ u s f s , ’ ‘up 0 0 0 0 0 0 uj - 0 0 (3

0 0 0 0 0 0 5) - 0 0 0
( r . m i m r ~ ns r ,z s p C) () 1) 1 0 0 0 0 0 0
( ‘ r i . ’ i -’; ’ie s ‘up, 8 ‘S 0 4 S t O  1 7 0 0 0
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