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-a t ..c. r.,s.n zw ms

1.1 This study is tc review the voltares on va :cus ;'1'/12 W !. mil:ars

I:i s t ribut i on 12nel s and the equinnent connected to these pa nt l' to

assare p rope r co!! ace at the t e rmi na l s. at e a c h s- ei t e t s rela te ! laac-

TH distributi n t rans. f orme r t ap se t t ines wei t n e r, to as art,

propel ope ra t i on of the safe' 'ated equi;snent a n d e. r condi:i: a c.

an accidert on one unit and a false accident <irnal on ::2 at x t.

uni: ( 2 X LOCA) .

DEFINITION

.tiated bv a lat' ~. C 'lant' 2) LOCA: Cases are t .m i

/atident on t'n i t and a false LOCA sirnal tre~;

init 1, resultine in the running * o t h l'n i t s ' EFi.

loads.

2. 5AT :irnt Lo20. fris represent s the .:i n i muri a< iliary 1000

wi t+. .he piant sho t ion and a l l o a i ' _. r .

locds fed from the SAT

1



2.3 S N'.AR 4 0F RESl*LTS

i r tb 2 X HC/s hun, the Joltage Criteria were chosen te ensure 'uat all

safet related ins t rument at ion would fur.ction and tL( r(la, coils a r -'

solenoids would pick up. The voltage 1.' mi t woule be a F>ce W . t .e

equipment rated voltage.

It is rec e ended f or the operating conditions shown, the source coltare

to re held uithin the restrictions taoulated in 2.1.

2.1 ONF.ATING VOLTAGE LIMITS (Ref. 7.3)

BASE Pi R PN l'1 L("i UAL
CAsi EPS 'JOLTAGE VOLT /a sT 1 T A:

EAT SWYD 230.000 1.009 2 32,0H

Light Load
E7 460 1.0513 :l'

ES LFO 1.070' 517

2X LOCA tun SWYD 230,000 9351 215.0737

I" 400 .5F7r .Ji

E8 490 .EF03 423

*This operating voltage limit does not supersede the c:ininum

recemmended voltare of 0.9550 per * (219 en5 colts) listed u

Section '.l.2 of Voltage Drop Study ( F.c f - 7. 3 2X LOCA Run,

Reactor I;uilding closed c ooline wate r pun ps 2A and 2C s tan )

-2-



in' MARY O! VOLTAGE kEQUIREMENTS.

IT SULT S

PANEL MINIMUM VOLTACr k'.AXIM'?4 VOLTAG!
N ?& 2X I OCA RI'N SAT LIGirI 1 GAD

BASE PER l' NIT { ACTUAL PER UNIT | ACTUAL
VOLTAGE VOLTAGE l VOLTAGE VOLTAGE | VOLTAGt

UNIT 480 .eb76 426 1.0613 519
SU3 E7

MAIN DIST. 208 .8916 165 1.1017 229
T NI . 2E7

i NL. 2CA 480 .6677 417 1.0733 515

TNL. DGC 4S0 .6851 425 1.0807 519

'!!1. 2A 20S .6911 185 1.1015 229

PNL. 2C 205 .5915 185 1.1017 229

P5L. 32AB 206 .5911 185 1.1015 229

F NL. 22A 208 .8874 185 1.0999 229

PNL. 2ADG 208 .8854 184 1.1000 229;

UNIT 4E0 .8803 423 1.0765 517
S UB E8

MAIN DIST. 208 .8916 185 1.0994 ?29
FNL. 2E6

PNL. 2CD 480 .8523 409 1.0650 511

FNL. DGD 480 .8782 422 1.0761 517

Pri. 2B 208 .8913 ISS 1.0993 229

FNL . 2D 208 .8915 185 1.0994 229

PNL. 32B 208 .8701 181 1.0909 227

PNL. 2EDG 208 .8742 182 1.0940 228

' i
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G ST CASE VOLTAGE

COIL OR SOLENDT.D 'IER:4:?:ALS

l'N I T S l'B . E7 l'N I T L l' i5

Actual Actual

P It V'ltare Voltare L l', Joltare V ol t a t:e

Minimum Joltare 0.9235 106.2V 0.9026 10 '3 M'

Maximum Vol t are 1. ' '. 7 8 132V 1.11+ 4 2 1 M , l M'

2.3 IAF FETIINC;S

Ke c ore:en d e d t rans f orme r high vol t age tap settiris are as +ollus:

T..'3AN S F D PSI k NO2 l AP V:TTINGS
_

150 KVA, 3? Gr/ (-1.5'D

4F0 - 208 /1.20V Ci es (- 1 5'. )

1.i KVA, if GES (- 2. 51 )
80 - 2^8/120V F.17 (-J . % )

GE7 (-2 57. )
CJ6 ( - 2 . S ',' j

-4



3.0 CRITE RI A

voltage at the load terminals .shor:1d be maintained at 90; of the rated

voltage during "2A LOCA Run" condit ion and vol tage at the load t e rminal s

should not exceed 1101 of rated vol tage during " SAT Light Load" condition.

.$.



4.0 DI S C'J5 S I ON

4.1 TAP FETTINGS

'Ibe c riteria used to choose transformer tap settings was to deternine,

for each set of tap settints, the voltage to fall ir the l in.i t s of

safe operation of all safety related equipment. To accceplish this,

for each tr.p settinc combination, voltege drop calculations were

pe r f o rned a t SAT Light Load and 2X LOCA Run. The tap settines chosen

a re those most closely approach the desired voltere requirement.

For ne recommended tap settings, see Article 2.3.

4.2 ALLCL'AELE LOAD VOLTAGE i<ANCE

Unit subs tations were speci fied for 4BOV, power distribution panels for

2E0V and eperating voltage for relay coils and solenoids are 907 -

110';; of rated voltage (115V). The minimum pick up voltare 103.5V.

4.2.1 For 2X LOCA Run, the voltage drop between the LSit S ub s t a t ion

and the power dis tribution panels is significant. The voltage

drop between the distribution panel buses and termir.als of

relay coils, solenoids were determined for three parame ters

a. Longest length of cable run in 1 - O circuit

b. Maximum load in 1 - O ciretit

c. Cable length 5" uore than "a." and load above 507 of "b.".

INe voltage drop for SAT Light Load was de termined f or shortes t

length of cable run from the dis t ribution panel buses to the

t e rminals of relay coil s e,d solenoids. It was found that if

the voltages at Unit Substation E7 is above .ES76 p.u.

(426 volts) and E8 is above .8503 p.u. (423 Volts), then all

-6-



..

relay coils, solenoid and ins t rumen ta t i on coltave- will :'e

above 9 0"; o f t h e rated Voltares.

Operation at voltares birner than the ratec s'al t ar,e of coils

would probably result in abnormal heating of coils and

shorten their life span. The over col tare care coulc' occur

when a unit is shutdown.

When units are tripped the switchyard coltage is expected

to drop to 98 ; (225,/.00 Volts) ( Re f . 7.5). Ns in turn

improves the case of over voltay.e condition since this

study was based on switchyard volta.cc of 103.9*. (232.070

Volts) when the unit i s shut down - SAT Licht Load ( P.e : 7.3).

e.2.2 Runnine loads on 480V system were taken from 4F0V Load Stuas

(Fef. 7.2). Running. loads on 208/120V systeri were calculated

based on actual loads from the drawinn (!:ef 7.9).

.3 ''''THOD OF AN AL; C IS

4.3.1 The UE!rc Compute r Prog ram ' VOLTS' was used to calculate bus

voltages. This program perf orms a GAURS - SIEDAL load flow

calculation, up to 25 buses can be modeled. Trans f orme r wit h

tap changes can be r(presented. Eus voltaret a re c ompu t e d in

4
the provram to a t ole rar.c e of .0001.

7-



4.3.2 Ter Unit Values

Calculations were pe r f ormed using a pe r uni t scheme with base

values as follows:

SYSTEM BAS!: VOLTS EASF !C/s

480V 480V 103

20SV 208V 100

4.3.3 Impedances

The t rans f ormer impedance s are assumed. Cable impedances

were calculated based on actual length of cable run and

cable sire. Impedance from 4SOV Unit Substation to 20 %

System were taken from report on Voltage Drop S t ude (Ref. 7.3).

Trans former impedances were combined with cable impedance

between two buses.

.g.



5.0 DATA

5.1 4E0V SYSTFM

LE0V Unit Subs tation 2'er Unit Voltages

E7 2X LOCA Run .8876 p.u. P. F. - .65

SAT Light Load 1.0813 p.u. F . F. - .85

ES 2X LOCA Run .8803 p.u. P. F, - .85

SAT Light Load 1.0765 p.u. P. F. - .55

The above data was taken from the report on Voltage Drop Study

( Re f . 7.3).

5.2 DISTRIEUTION TRANSPOPE R

Rated KVA - 150 KVA

Nominal Impedance - 3.3* T 7.52 tolerance

X/R Ratio - 2.5

Voltage Patio - LEO - 208/120V

5.3 DISTRIBUTION TRANSFORMER

Rated KVA - 10 KVA

Nominal Impedance - 1.95% ! 7.52 tolerance

X / R Pa t i o - 2

Voltage Ratio - 480 - 208/120Y

5.4 RELAY COILS

Type: CR2810 G.E.

Rated Voltage - 115V

Frequency - 60 Hz

VA - 130

Watts - 4.18

-9-



T, ; R f.' .f r. '\' qq T [$.Cs. a ~ r

Rated Jeltage - 11 %

wattare - 30 Watts

' re quenc y - 60 Hz

-10-



t.0 ASSlW TinNS

6.1 The moninal impedance and /K ratio or distrit>t 'n 'ransi,r.er

1.r 3 l., .; a es is J.3 an s, 3 . .s .
. ee

A.2 Tr:e n ominal imped anc e an d X/ R ra t i o o f 10 - 10 1:VA t r ar s i e r >e r i s

1.955 and 2.

.3 Tr.e powe r f ac t or of powe r dis t ribut ion panels is 0. M .>

". The wattage of solenoids is 30 varts.

-11-



. - <J p r : . Or, m3m.m..

7.1 U! Uscr C ide for Volts Procra-

o us Lead flow 11nalssis and coltare Revale' ion Procran, Als li, 1; - ?.

7.2 450s Load Study for Carolina Fower and Lirbt Co:npa.., Irunwick Rt( a

Electric Plant, Nits Nor 1 and 2, da t ( c' "a rc h 1, 1976, i e ', i s i o n 1.

7. 3 Report on Voltage Drop Study for Ca rolina Pow. - a:'d Li gh t compa ,,

Unit No. 2, da t ed it.b rua ry 0, 1975, Kevision 1.

' . ' + Iodus t rial Tower Svs t em Eandb ook - Le e r.an ( Mc G raw riill ) .

7.5 CP5L h t t e r t o I:r;C derial 50. 50- t ?-109 3 da t ec Se;.i t ri er 26, 1980.

7.o 9527-F-3005 Sintle Line Diagrar

450V System Unit Substations 2E, 2F, E7, E! a nd C onm40n "D"

/., 9527-F-3053 Single Line Diagram

480V System MCC 2CA, 2CL, 2FA, 2Pi; and 25/s

7.6 9527-F-3057 Single Line Dia g ra::

4EDV System MCC DCA , DG B , DGC and DGD

7.9 9527-F-9331 Single Line Di a g ran

Eme rgency Power Sys t en:
120/20EV Di s t ribu t i on Panels 3 0, 4 k'i re

7.10 C. F Catalog Control CEP 12f.00

7.11 Solenoid ASCO Catalog *:o. 30.
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AI PF' DIX

VOLTAGE DROP STI'DY

POR

CAROLI!Us POJER S LIGi'T CO!?ANY

ERENE'JICK STEAM ELECTRIC FIANT

UNIT NO. 2

EY

UNITED ENGINEERS & CONSTEUCTORS INC.

VOLTAGES

AND

IMPELANCE DIAGPAMS

Al



VOLTAGE DROP STUDY

AITE N DI X

2X LOCA RUN

/.CIEALp,p yo; , ,c, .

BUS N/J"ES MINIV!H s CLT/J;i-

480V Unit Subs tation E7 .5F76 42'

208 Main Dis t. PNL 2E7 .8916 1E'

4 SOY PNL 2CA .86/t al7

450V FNL DGC .8851 425

20S PNL 2A .E911 155

20S FNL 2C .E915 185

208 FNL 32AB .8911 165

208 PNL 32A .8874 1Ei

20S PNL 2ADG .5654 ISL

450V Unit Substation E8 .8503 23

20SV . tin Dist. FNL 2E8 .8916 IE5

450V PNL 2CD .8523 409

LEDV PNL DGD .8762 422

203 FNL 2B .8913 165

20S PNL 2D .8915 185

20S FNL 32B .8701 1El

208 PNL 2EDC .8742 lE2

NOTE- BASE VOLTAGES FOR ALL BUSES ARE T!IE RATED VOLTAGES SHCL'N IN THE

LEIT F).ND COLUMN

A2



VOLTAGE DROP STI'DY

APPENDIX

SAT LIGHT LCAD

F.l'. VOLIAGE ACT'JAL
BL'S ?UJE", "AXIMLY VCLTAGE

'.SOV Unit Substation E7 1.0813 519

208 Main Dist. FNL 2E7 1.1017 229

4EDV FNL 2CA 1.0733 515

480V FNL DGC 1.0507 519

20SV FNL 2A 1.1015 229

20EV FNL 2C 1.1017 229

20BV Ph1 32AS 1.1015 229

205V FNL 32A 1.0999 229

20SV FNL 2/1DG 1.1000 229

4SOV Unit Substation E8 1.0765 517

20SV Main Dis t. FNL 2E8 1.0994 229

480V FNL 2CD 1.0650 511

4SOV FNL D0D 1.0761 517

20S FNL 2B 1.0993 229

208 FNL 2D 1.0994 229

20S FNL 32B 1.0909 227

208 FNL 2EDG 1.0940 228

NOTE: LASE VOLTAGES FOR ALL BUSES ARE 'I"dE RATED VOLTAGES SHORN IN THE

LEPI HAND COLUMN,

A3



.

4s.
- c.

' T. to'

-%

> a _;
'i \ 2g O 1_g O

1 - e ,

1 > <, m *CT HE R C AT5.
'

i n 4 o o^
--

y) l
1 ,;s y - s

. u ! s. h.-
.,

i Auj o
! q N e, -? g Oi

1
7

-
7C 1 '' 13 , o >am

.;c
.) ( )" e N

!
, -) -- s
, s,,

'

OTHE R _ l 2; "

'O f).
m

ILOAD
'

s

...- s

9 C sh
-

> c,
ax y

G O ti j
~ ca 111- 4

' . .iy > g* p*

g~ U O $ -

.,7
<

O .- ~
nw zc O :Zw zy r

'D mT : /> (11< ,

o tw g 7
.C +-,.

3C Ot e~
n > - ,,

J NH ' i- r v i, _, -s h,t 4. c - ;1{I) ;

3 < .9
0 OT HER C AT5. , ,

1
,

OTHER T
- <
-a r

O ! f ?,,
Cr . ,,.

=

D., | LOAD : '
'

s x.
us ! -.

>
- $uC ! OTHER $ ba. n oa - -a LCAP D | 's. N 4Iy - n

_J ,- . m _ i --gvw

4 r; 2
4( i

s

c.t
' gr, , OT HE F: tnTS.

-

- e

J
~{- Z

> d L F
a

+ .
_1. ,,

$ C g .;

c. " 'c Chi. <O> | '<> a
o i :D ! O4 -4 -O, .s

C N 25 hd; <
: C 3:.n > N .|- ., 12y 7 U ,, 4

* <ua 'ON-Z O O ev i

_a OTHER ChT6.c0 ]iE t.n
-r - v 2 | zt

1< 1 1
3 C . ' x 7' 2F-* m ' ',gep " ;

!' 4o i >
'r cc ? -4CO

W O | OI 2
"

O N5j N >
, , , -

,w.

} f.f & 4- 4O O
29 r3 I "

--) 4*-- 4-0o_
NI ' ^zs

.J +,- l-Ot-- >
-id c ,,

5
O { g ta
N DT HE f; C KTS .

O _g



! >
$r cG

4 NO py
y c4

x a
i a o o ~2
; n - g G
, 1
1 | 6.- > CKT. 2 0@i > O G0 +-O
! O v " ,@ OI IB'

@i, .*N
. ca 0 i47,

7I b+O 9%
-

i L o ,,,
, a

! l o!O -e
! OTHER I

"

& g d-0,

! iLOAD ~s, CTHER c6T6
i, < coe O ' a
! > 0 m-

<xR
O O 5
~ N

v
. > a 9 g>-

i wo 5 - o c
,

' >
. $a,o O,c,> .

! &
){ '|cKT
'( ' 21 N viO

I ~

3 | s 2) OT H E R C 6TS .
.

F $ 0 '. nW p -

'O
-

}OTHER H

h LOAD
,c

5 I,'
T

e "' ' :O>
h a3

D OTHER

uf -
LOAD _ %

g

' < 4- _
,j 4 |-o s

., gO
- uS o

- I" 23 oc d,< i, 3 C,

H
-s, N g, -

{ 7g - q'

wa w a ., 3 H $.. 1o s " a_N 2> to o.
.

J '
2 canta cqs.x

3 i o' ~

'

> 3
' s ! C8'l 9o
{ M E - !

; Jv
- C C

9} gs wt2

: 2 T Ed |s
4 C G"

.

J ,>- a z5W - 9 1.
'

;

e, ,c j. c sr. 3
3h g,o

,a:0w >
..

*
.. e& @

b , o
q) yOz, b '' >, :, ., ,,-

- . g, _ _ _ _ . .,. .o. g
, j 3 1 --t o _

as ,9
,g p_cc t 1 m ..W 4

' | > \ *-*
i $ I 2 C,T H E R C KTJ .Oa| $

A5



.

I >p 4" '' W04j c4 "") O Nf4 ~N
4 N$

,

N MM o
Q V --

j F;' (O N . ,

| 9_, '
.I 0* *

N
O e*

I

9 '68'|-
a$

: b' %sj!!

bA f O tto Oj g

O ,{ 'O V

I

!
;
' & 3o 'N+ mo >|T&m >

En o O 0F g, : &
@ :

>- @ G ; ~~ C i n- ,- WM O
| N uN]3 n* T. UJ(43 #,''

,
:

H O -
,, '

B | UT 14 ,z
!_ - w

u, 51 3 h+$ !m 1-Q, ,
b

g eO o c o uf y .m '

o70iO o;L' 4 ,O o tri 4
.-

D to ,-),
i O ,, 2 U

',! jo , ,r tu O
.

ut o-
3 \[ 1

6 ul 4 ,

4 a t-
xp ya

cA Hjd'Vg
>o ems >g> # )BT Dn ~ o N C,

N N _;
Z g+
_O

&_-- _ _ e -- q

+m.E 1'4
h p--- b h|b 3 0

O ,|O m 0- ~ 0
e *me O 6!gO'- ;

:O
o og N Qi

'

#
Hv ,e

Ob (y h+
~ & O .

.;__ .,
i cv N- H +

Z N N go

"3 - O O|&DC O O!
.
"

C (i >{ O I-' s

W N' '4
g ~ ~n ;>x

n- . -_ .

|m m

i- 'N) -

' +C [ Ico)!o.__
4 ~~ -O44-- cJ O O *O
O ,!O -

,

A f>



b

Jr $ ,>
p |N3

<O N | - .

f $' ' 4c c< e,

N M Z O ay:< - r
.

- N 3
m .m. w

+m
O

ra / *i ' ,
y

,.

ix i

C -.. _ ._.---.__._q

- __,

:C, . + m,n
-.4 - s

b 'O 4
' *h(N)y ga ''-

I

e-- $ c;|
- C' -O!
O ,: :O ,j

.

1' tGcv t-
A,. .V'O" e

h >{ $0 b -

O!G - O :-
y | tr

~ /u . s',-
,

ta.

7 Q' y.O r ra ; es
,

O t- + r <

2' C O .- ( *

' u!F- ( e,
ID . - - - - - --- - g;, .t- a

\s ' /4: c'
.- 4 - ei4

,t cs < - r J3

Y;$----* v|;y, ,o_
: p' j;. No! r s toa-- ,

h I OiO '-
@ ,C r-

u"# jj : |0 |CO' 3a O c"
i - o |C mi = 4 (_5

! i

w
.Jg ,y r-

<f fl CL w>FJ 1 4y

h' v4 7. ) (i)
> ! ON HC3 y
C d& C 4 J'

N ~

O . :<
"

-

ce m4',se

& - - Q ;--,

e r-,

C ! A +G

6 |
- O O|a

< i e- > ; e
-

:c.
p @ X ;* 0,@

sq M b - ,> r O ._,;
*- ,

' & - jg| <m O c: , en _.
, -

- C" C ' O.,

- 'O f b. ~ _ Ni'

Lf,4 t i
n , ca - - -

! !4*

--. : p -, i | _k-.
, , u o'

Z | gN 4 t (- o
'

;Ot

t Gi c., 'J $ ;O3 4-- -- e t- Ji |O O
'

- I r e > ;,

I
.

CC } -a~

y
_ I 7" N'. O!4w " .. - rsJ | L'l

- N ! ,N J .

b

'] fs. Y
-- _...- _ -_. g e

+

i e 6y__ j ( co
-

7

7- (C O'

4

t

e?| 06!+
c;, O ' .?2

-

u._ ,

A7



I $'mS .. , 3
,, O - . -& 3 .,

k 1 Wo An o s~

9 Ut cfi T '- 3 (G |W + '' j.i 7 q H;
Og+ N * 4-O'

o c|4 e e ,

C! O!

7 o,|
t i0 :ro_

,

f, o |-
I'(f) I

0,
:

| (N
- S n1
j - 6 w:-
I rUFT 1 <4'T

-

3- $M _" b., tu| u9 s

L .z_ a y
g L3 &,a3 0 O ,a F _,.

CC O e 4 v; 4
+ g; i y%Z

.i. g
' t b Ne N ;.. ,

! pt.| dL'eN+ N r+ j
Cis.. . -

00 W- - -

O T> '

O ia c,
- - L ,a~

m
|$ | 4 J .1

O Cj Q:&CW u>-;

1
~ 4 i i 1o _._ r- o ; s t.

t- , s>O t
y 04 o
a O- H _A

ul

W
< CC

v$N& > >' o (s.
O W sW O r--r

| N '*> n . . , g,

O c,|i
N + N '--

7 ,N o e--
#

3.- y | Cs
, t C*-- >

<l C f s$ j ,0 o
| __ v Cr

'f) ( si $ 3
' 4"

r3 r" * O--> N _O g
e .

- ' o. .

.o
F- O ,

q > "

(D*

'> O I' d\^
~'

N -

3,,

7 (f
O'; g gN O O

N Nuj w ,

{Nj N -+ ,

O O &
t-

- N Oc
- tn 'og

O*

gg



()
LT oT,

i W 6- PO
;

5' I O "%i
' e . >

&r e,M
_c-e ";

-

O P >$ C
5wn s- U _ e i ,4

%

O N N*
,, -ii o .- p~ '.+ 4 -

T (>
! I 4 I 4 +J

%

g______.'*__. (~ O ::

. g_- g - -- { gj
| i ;c c?
i

~

'C-,,. - .

|+C',

i_C-+

f 6)
'

F
1 a o-

! c, _J'

CO
ca to O y7- CC

,2 4 OO > '- '

> ff 3- p%
- T ',.

- s_
c -S C. Q y .-

= - on
1 AU i

s g O
- cs ; rs -2 y

a '

| + 0% ap O,p
l- N'2 | N2 |G N P io $

#

b7 g_ ._. . 4 _ _ _ . _ _ ._4pd{- {
- y. <|4

|
!

30n F1.
r I

'

F
,i'O- Lu .,-v ,

'l JJ WR
D n:, '

.- | W4 YQ AD f(; 253u, V 6,0 o' L aOp,o- i i

< 10 o! Yj 3~ 4
i

. -
\ c - 2, .> y i~- %

yJ - - ee, H;P
/

0 s
- t

N-

@!
>O cd
ia>

e y' "

N| cJ l
G: r- '

'

(C ". !* 0:
ef (J 3 bh i 1 2 O!

c' o o o 4) O!z -

C r. '
O 30 -

1-N ( s9 : O7- np v -

g N_i -
;

|3*[
. ca ~

- m'll b,'
1

:O iJ + |0|ow ,_ _ _e o z
> 0 ,j.

t- :C
.g C u
: cd :c >.
> M M.

@ 3,O
re cv ci

'd | N | O*utlJ N, y]
! a - ;.*T I- o'

_ 'N I
C

@e O oO*

O
C.,

A9



. r. . . . .t. .r T r.',r .c . - n.**-
.

AFPENDIX

TOTAL EOiNIV, LCAD M4 AND McAr

. . . , .c, . , c, 2.f.1 1 C ,,s t. .-, .g;ya_t. . :A g7. w., - -qa. . 2
. c

sui

t.,.
. ,.,g ;; , ,s- e. . .f. . ,v..~..y... ...

,

. 1 . . . .

I. ' 'C TD .Q
l

" . .NO j 5 }"A %' KJAi, K4
. . . . .

1 ( q n-- . .
. , .n, .e..>mx.

T

I i
*

f FN'_ . 2 A-Th ( E12 ) - 9.075 I

2
'

7' ! 2 A- F.X i E? 9 ) - 3.125 0.024 0.0115 0.312 0 . ')'17 -.
,

I N1.. 2 AE- F.):( H11 ) - a.E
.. ..n ( u.aV. ) - 6.C.E: -r. ;T .

I '

3 i FNL. 2CA (other load) 0.321E 0.1991 0.159. 3.0Lbv
!

e PNL. DC.C ( o th e r l oa d ) 0.1593 0.0966 3.3;35 0.027 7

13.055 0.0131 0.006 0.0046 3.03115 PNI. . 212(Ef 6) -

P NI. . 2C(HYO) - 3.157 0.0332 0.002 0.031t 3.001-

7 I NL . 32AEiHX0) - 2.029 0.002 0.0313 0.001 0. 00 T

E TNL. 3 2A C-T*'s ) - 0. 9 2 0.0339 0.000$ 0.0305 0.0333
'

f FNI.. { 0.03.- O.032!2A-DG - 5.525 0.0355 0.03539
.

I

r?,e f e r ( 7. 2 )
Unit substation E7, Shu:d wn Condition and 1.OCA Condition
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VOLTAC.E DROP STl'DY

Al i I.N D I i

TOTAL kl'NNING LOAD Mi AND MVAR

UN IT S L'E S'! AT I ON E 8 P0J: , FACTOR - .b'

'*T LICHT L tD2 h LOOA EL*N '

.

E if ' LOAD

50. ( IN Kk'S ) W' MYAR 'N " J /J
(501 af 2 X LOC A iG'N l i d.D )

PhL. 2AB-TB(H12) - 2.09
2 PNI. . 25-RX(H10) - 3.21 0.0107 0.0066 0.0054 0.0033

PNL. 2E-TE(H13) - 5.535

3 PNL. 2CL (other loads) 0.3119 0.193 0. lf 01 0.099

4 PNL. DGD (othe r loads) 0.1775 0.1098 0.0433 0.07'4 r

5 PNL. 2E(H07) - 7.55 0.0076 0.0047 0.00 % 0.0024

5 PNL. 2D(HY1) - 2.07 0.0021 0.0013 0.0011 0.0007

7 PNL. 32 E ( G'9 ) - 1. 41 0.0010 0.0008 0.0007 0.0004

L PNL. 2 B-DG - 9.32 0.0093 0.005S 0.0048 0.0029
1

*Re f e r (7.2)
Unit Substation E8, Shutdown Condition and LOCA Conclition

All
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e. cr y a,. ,.r. ne n. t. q" .n ,-
. . .2. .

AFF E N DD:

UNIT SUBSTATION E 7

TOLTAFF DROP IN 1 - 0 CIFCT!TF

A 2 X L OC.A RUS

LOAD 'JCL'' ACE YC'TAGL.

isE S I E T ANCE IIACTANCE (WATTC) Dr. 0P AT Tr yIsgtsr

Tast in)

?NL. 32AfEks) 0.522 0.0115 30 0.2V 1rw .(i
>-r f,1 v.s 'v, . 4 .>

Case (b)
FNL. 2A(E06) 0.12 0.00041 240 0.4V 106.-.i

.. . ,

e t< . . ,3 0. -

Case (c)
FNL. 32Ah(EXD) 0.167 0.0058 236 0.6V 106.z,

ru t.ne-- vD. >>2

E SAT LIGHT LOAD

FNL. 2C:-i?) 0.1694 0.0037 25 0.2V 1321
Cl:T ND. 22

,

-
- s

'
t

CALCULATION: Volt Drop = 2 I (It COS e + x Sina) >
t

- -
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VOLTAGE DRCP STUDY

Ai'F E . D I X

UNIT SUESTATION Eb

inLTACr DROP IN 1 - 0 CIECUITS

A 2X LCCJs R UN

LOAD JCLTAGE J OL T t-* F

RE S I STANCE kEACTASCE (WATTS) DR OP /.I TEi+ "s ALF

Case (a)
FNL. 2 E-:K; 9.6571 0.0145 100 0.9V 104.1EV

CCET. 50. 22

Case (b)
TNL, 2E(E07) P.3;65 0.01196 600 3V 10 :i E '.
CKT. 50. 3

Case (c)
PNL. 2S(H07) 0.413 0.00912 120 0.7V 100.11
CET. NO 26

L SAT LIGHT LOAD

FNL. 2D(HYl) 0.1239 0.00273 30 0. 051 132.lNJ

CET. NO. 21

A15



JOLTAG7 !< ROP E7EDY

A PF E N DI:>

UNIT Sl3ST AT ib. 7
'

l .' . '. . Tr.*n'. t,. .

FROM TD
b .' S J '- CAP LE AN D T ?. AN E F N "t F: ! ? ] ! . s', D? 5

RE S I ST ANCE C AC7ANL

21 LOA Sn1 2F LOCA 5AT
* { '* - T *I l ''' i il l.%*+,'L".- T. I (-'r':'1'h

*

t . ' s 's .Fj ~'''T
h .%e 1. .

I 2 Cabte 7.6950 7.8950 ' 63 5 7*M

T ran s f o rme r : _E 7 6 7 5593 21.9 IE E9F6

Total: 16.655 15. e43 29.53 26 5'
'

1 3 3.2582 3.3229

1 a 0.9792 0.5347

2 5 2.079 2.353/

e 6 3.00'3 1.71

2 7 16.54 9.24-

2X LOCA SAT 2X LCCA SAT

RL'N LIGHT ' OAD 'M:N LIGHT L'. SAD

3 f- Cable: 10.06 10.06 0.7595 3.7 95
Cable: 23.50 23.E0 3.928 3.92E
T rar.s f o rme r : 93.91 52.73 157.82 165.M

Total: 127.77 116.54 192.5 170.1475

4 9 Cable: '' 722 9.722 1.605 1.i05

Cable: C.937 9.S37 1.6e3 1. ! t 3

Transfe w r: 43.9; 82_73 187.82 165.M

Total. 113.56 102.389 191.06 168.725

A16



..m-,,.- n. . - ( .,p c.) . . . ..v
- ( w 4 A (t a . 14 ua

AI. 'T. ar 1..s'*i->) T \*
_

UNIT 5"BSTATION EE

.i .v r - n . :e: t $ ...

r. ; r,.y.,'. n-v

..: r ', c. Ct'i T r n.Nm r. 4.e.m. . u . m_- . s m. r. .h .srme. . . t
. . . c e s - u . s

,tursLwc . .: , r., rw _ ; A q. x n , u . r.-. , ,; -
- a -

2X LOC / EAT 2X ' OCA SAT

.,ls._ L I pm.y. 3 C. . D , . ~ ,. ,u, ,. ,0, . , . w.r, s. r. , t .s

1 2 Cable: 1~;.0599 13.0599 12.322 12.322

Transformer. 8.76 7,5593 ' _ _ l'. W '

Total: 21.E199 20.0192 .222 31.2206

,_/ ; 3. o.
-,. ,

1
_ ,

6b/a; , .

1 0.612 0.6163-

, <- , u9 >c ..-,3 ..s.

. . .o , ;.> n. 3. q.rb y .o- .

2 X LOCA SAT 2X LCsA SAT
Rl'N LIGHT LOAD P'',' LIGHT LGA!'

3 7 Cable: 32.464 32.464 2.4565 2. 565
Cable: 11.901 11.901 1.9S7 1.cF7

T ran. f orm r : 93.91 _S2.73 187.E2 165.-t

Tetal: 135.275 127.095 192..:63 169.0035

L S Cable: 24.E25 24.525 1.E83 1.;E3

Cable: 9.983 9.983 1.663 1. 63

T rans f orme r : 93.91 E2 /3 1E7.62 165.46

Taal: 728.718 117.538 191.3 % 169.006

All



YOLTACE DROP STl*DY

APPENDIX

I!'PFLANCE CALCll.ATIONS

AUXILIARY TRANSFDPyiRS

BASE. 100 MVA

2N LOCA Rl'N

PERCENTAGE TOLERANCE R X

KVA IPPEDANCE 7.57. X/R RATIO PER [* NIT PE R l'N I T

150 3.31 3.54 2.5 8.76 21.9

10 1.951 2.1 2 93.91 187.82

SAT LIGHT LOAD

150 3.3% 3.0525 2.5 7.:~a3 16.8986

10 1.951 1.8038 2 82.73 165.46

2 2 2
CALCULATIONS: Z =R +x

R. P. U. = Oh:::s x New KVA
Old EVA

A18



VOLTAGE DROP S1UDY

APPFNDTX

CABI E IMPFDANCE3

BASE MVA - 100
P.U. Z 480V Cable - Z Ohms x 100 - Z Ohns x 434.02

T582

P.U. i. 208V Cable = Z Ohns x 100 - Z Ohns x 2311
2.208

Resistance at 9(FC - Resistance at 75 C x 234.5 + 90 = Rx 1.048
(234.5 + 75)

UNIT SUBSTATION E7

_4 .__ _ _. p._ __ _ _ __ _ 4_ __._.a

SIZE R/1000 Ft. X/1000 Ft.
0F LENGTil in _IL in -Q_ R in X in R Xy

g FROM | TO CABLE (FEET) (7.4) (7,4) n A P.U. P.U.
. _ . - - - - - - - -- -- - - _ - - - - - -. - --__-

Unit Sub Power 7.8950 7.635.1 *
E7 Dist. PNL |

2E7

4 _ _ _ __. _ _ _

PNL 2E7 PNL 2A 1-3/c 500 30 .0306 .0295 .0009 .0089 2.070 2.056f
MCM ___ _ j

1 , _ _ _ _ __ ___ __ ._ _ _ _ , _ _ _ _ _ _ _ ______________.4

PNL 2E7 PNL 2C 1-3/c 250 23 .0573 .0372 .0013 .Onn74 | 3. 00 ',3 | 1.710
| MCM |

_j _. _ . 4
__ _ . . _ _ _ _ _ _ _ _ _ _ . . _ . _ _ _ _ . _ _ _ ______p_. .____ , _ _ _ _ _ _ - . - _ . _. _ j

'PNL 2E7 PNL 32AB l-3/c 250 125 .0573 .0322 .00716 .00S 16.55 9 . 2 S '.

MCM

! 3.2882 3. 3 ? ? *E7 2CA

. ._ }.
. _ _ _ - - . -.--- J.---- _-.._. - _ . _ . - - . . _ - . . . ._ l . --. .

,J. . - . - . -
.. -.i

>

} ! I

2CA | Transf. 1-4/c % Atu. 45 .516 i .0391 0232 .00175, 10.06 ,7 w :,;
_ _ _ _ _ _ _ _ _ 4 .- . u __ _ #_ -4_ _

,

,,



-

*
,

d
H 7 5 1 u

0 6 t. M'
2

6 6 S
t 9

i
X P 3 1 1 p

o
h
l

-
e

0 2 / 7 n
. _

r
8 4 '. 3 a

_
.

9
l

7 7 t

t. 1 9
9 9 oR P 7

V
_

. - -

n
!I 4 .

o
_ _

_ 2
7 7 / . t-.

0 -
r1n 1

_ _

iL 0 0 . 0 - o.

0 0 0 p
r_ _-

_ _

. _

.

e,

_ _
. r
-

.

- e
_ - - h

_ _ ._
.

3 t3 4
_ _n n 2

_
4

.
_

2 _ 0 miL l
_ -

O 0 0
.

o
J. _

rP _

f
.

.
n

-
. - e
- kt L .- a

i J .

- _

_ _
. t
.

_

0 . _

0 n o 4 4 e
_ 4 4 r0i i

_3 3 e1 l

/ O _ 3 _ L _ w
_ .

X . _ ._ C. _

_ U.
D

. _ - -_
_

. 7-

l't
A

_ - - 0
_ .

0 n 6
.

.

.

- -

0 .
. ,

A- .

0 i 0 _. 6 6 . C
-

1 2 _ 0 0 2
-

/ . _ 2 2 -
:

.
1 _ 7

. 'l
_. -

-
,

TT _.
.

_ -_l
_

i) .

.
7

.

._
. 1
-_ _

2-

mi 0 -
t 1

4 .

1 -. -
5 0 2 7

l l

_ . - .

1 ( 1
.

E
. .

_

- r1
_

, _
, o_ -

r __

.
. W W( f n
-

A _ A o0 .
si

'
_

_/ _
. en2 _. 2 _ 2

I _ . . # ' ci
.

_. nv'

I

.
1

l'. c
. ae_ _ _

7 cc_
l

1 F A _ / t l// c', UC _ 4 _ 4 _ 4 a
_. _ - 1 1

,

- . - -
e8

.

1
. R7

4_
.

_ _

J
_ _. _ (

. d1
_ _ n

- . _ , e

_. a_ A ,

f. 62
__

3
_ , _ -

<

_ l

nr
K_ n c y

a _ -C
-_ I

r A aaO N _ G_.

.

P D T _. 2 t uT _ _ sr_.
..

.

_ _
-

. i l'
s e

_.
. _ . -

eF
_ . . R

.df f

en s
_

U. ttt
_ _

n_ n
o a C a a

__ r Pd_ GR _. r 7 _.F _ T E D _ T *
-

_ .

>NO



*
*

!i' r| ,!# :' j

0 _ _

_ . 3 . 8 1 3

2 . 6 .

6 _2 0 8
.

9
.

5
_ _

. _
. 3 2 _. 7 _ 4 9 1 8

7 1 >

.
._ 5 8 h 8

_

_ U. _ _
2 6

_ _
. . _ _ . _.

l 1XP . 1 2 2 4 _ 2

_
_ _ -

_
_

_ _
.

. h t {]
|i i ,

_
_. _ _

_ _ 9 _ __ - _

_
. 9 5 4 1

_
S

_ _ _
5 7 _ 6 0 _._ _ 5 8 _ ?

._

0 7 2 8 _. 4 9 2 8.
_ _ .

_ U.
4 9 6 _ 1

3 _ . _ _ .

_
62 1 4

_

RP 1 2 3 . 4 3 2
_ _

1

_

_ ,

_ _ _

_ _ .

i f_|if!|-I!f_
_ _ _

.
_

.

0 9 6 8 3

_

n.
. 3 6 . 6 6 4_

_

.
5 0 _n 1 0 4

_.
_

0 0 0i 0 0
_ _0 0 0_ 0

. _
. _. 0

_ _X __
4I f|| - !iI

_ _
.

_. _ _. _ _ -.

_ t _ _

_. _7 _ 5
f. _. _

. 8
_

0 7 1 2
__ _ _

4 3n 1 1 7
_ _

i 0 0 7 0 5
0 _ 0 _ 0_0 0

_R _ _

- _

_ _

7i|I_
.i|!

.
_ _.

. _ _.
__

t .

_. __ Ft .

_ .

_
_ . _r

_J _ _0 )
_ _ _ _

8 0 n4
_.

5 2 1 4 _
1

_

9 2 9 - 4 94 0i _

1 7 2 3 3 3 _ _ 30
/ ( 0 0 0 - 0

_

_

0_ __
Y 1 X _

_ _

-D S
_

-

_.U E x 8} l 4 !

_ ._T C R _ _ _.S N .

_ __

X d - t b _
F _l' I

O D Ei 2 0 3
r _

_.
_

R P 0 9 7 O ) 6 3
1 U _ _

_
) M 1 O n4 0 7 _ 6 6 6

_.+ + Oi 3 5 1 0P I 4 1 1

_7 _ 5 2 51 P
:

0 0

. _
.

3 3 l
_". A I 4 2 5 5 / ( .

RA L . .
_

T R x x 4 4 _ _ _A 3 3l

C s s 2 2
l

_ _ _

_ .o
.

_
}!}||]|

V n m i)
h h x TT _

_

O O GE _ _ _

C NE 5 0 5 ; _ 1
_ _ _

Z Z 0 EF 3 3 4 2 .

.
1

_
1

_ _
5 L( 1 _.

= =2 7
2 8 IL_ 3

a_0'8 00 t _ _ G_ G _ 0 _

1~2 _ _ 0 004 0 a
_ _ W0 5 W _ /

1
~

e
. C C _

9
A5M 2M A _ 2 .

__x x c
n E _ cM cM h 6_

s s a E L / / c _ #_

.
m m t Z B 3 3 /

_
ch h s I F A - - c 4
// -O O i SOC 1 1
44 ls

- -
1

|| ,L_
1Z Z e

R f_-= =
= _

e e _ 1
l l C 8 _ 8 . _. 1 .

_ E r D f 2 fb b 0 E __a a 0 2 2 2 s 3 s
C C 9 N n n

0 O L L L B a I D a
0V V t I O N N N C r N G r
1 0 8 a T T P P P 2 T P D f

8 0 A
- 4 2 e T 1 .!c S
A . . n B
VZ Z a U .

M t S f
s s

n. . i T M _E
S C s I O _ 8 8 8 B a D
A . U. _ '

o,8 E E E C r 8e N R _ E '2 2 2 T E l
IBP P R L F

yw-



' e
'%

I . ' 1c r
*

C C C
* | * w

xa - , m
,

i i
.

. w

i , c-
M
e
W

CC. O+

C h 7 'l

C* j ~
we n

I I g

' . -
I e

-W- ,w
#

4 {
I

Id
- s -

i
p.e M

~
q

*

M
g | w g

C b
'

.
9X: .

'- ,
e- s

* Y O
C - .;

I
,

-
|

C w
O,

x | - E
{ | t -W
.

I |
"

; "

t
- C
i

a
- Ii y g

^ M
CC e i,

|cC . <
C <

|
M

r~ ,

*. O- v i,

N C i L
i i

i
'

i UX l
; 3

r
1 | e
I i M
i i v

)
J - O

% 8 sm ,; e i | c
"c

1 i
-,

O CN' IC-v -C | *

! C C- ,

j = i ON. N
Ni x , ,
i

| $
'

4 w
!'

i'
Z^
r. r. . j ' -

-
I

'

%Z. 4
> ._: :. - e4, ,

Jv 1 N I,

i |
~

I |

i b
i -

'

) NC b
I

23|
-

< 0W
u-a a u ,

N O % - C *

CCw % < < 4

| L". O "w a
- wN
| u76 -

;- j CW

)
* O,

! x *

O | O
O "J
l C >,

C C b
N C

O C
J U u

Q '% C .Oe

H L C O,
*

I t
t.

-H[
<t>

' ! O C
I - ! x0

% -

f 'lJ'; *

r i C i a-
O i C j = >

| L owx (,

1 .. __ _ __ _a ._ J _ ._e_ .
< x

A22



VOLTAGE DROP STI'DY

AF r'EN DI X

UNIT Sl'ESTATION E7

PNL. 2C (hYO)

NC. 9527-r-9331

CKT LOAD
NO. k'ATTS

1 IOS
3 25
5 25
7 116
9 116
11 116
13 116
15 200
17 50
19 150
21 150
23 150
25 150
27 25
29 224
2 100
4 50
6 150
8 150
10 150
12 200
14 -

16 200
18 25
20 25
22 25
24 150
26 150
26A 36
28 25

Total KW 3.157
n===
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VOLTAGE DROP STUDY

AFri_N DI X

l' NIT S17BSTATION E7

PNI. 2 A-DG

It'G. 0527-F 4331

CL~f LWs D

NO. L'ATfS

1 25
2 50
3 -

4 100
5 -

6 100
7 250
8 100
9 -

10 250
11 -

12 50
13 250
14 250
15 50
16 50
17 50
18 50
19 50
20 0
21 -

22 50
23 6800
24 -

Total KW 8.525
=====
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\'OLTAGE DROP STl'DY

APPE NDI X

inc T m sime?t TTnN E7

PNL 32AB (HX O'i

Pk'C . 9527-P-9331

CKT LOAD
NO, WATTS

1 100

3 107

5 238

7 238

9 58

11 108

13 116

15 18.5

17 18.5

19 -

21 -

23 108

2 82

4 279

6 108

8 238

10 58

12 58

14 32

16 32

18 32

Total IM 2.029
=====
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VOLTAGE DFDP S Tl'DY

AI PE N DI X

c m c . -7 n,; r ,..-

PSI 2A (iiO6)

DL'G 0527-F 0331

Cl~I LW.D
NO. ' WATTS

1 100
2 30
3 120
4 240
5 200
6 600
7 100
6 5250
9 100
10 -

11 1200
12 2000
13 120
la 100
15 2000
16 50
17 30
IS 50
19 150
20 0
21 50
22 125
23 50
24 60
25 60
26 60
27 60
28 30
29 30
30 -

31 30

Total IN 13.055
=====,
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'iOLTA G DRDP STUDY

ATPFNDIX

' N I T S i f,S T AT I ON :' '

PNL. 3 2 A 4 %'8.)

IEC 9527-I-9331

Ci:T LGAD

NO. WATTS

1 30

5 560

6 30

S 30

9 30

10 30

12 30

13 30

14 30

16 30

15 30

20 30

22 _39

Total G' .9?
:::
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COLTAGE DROP STi'DY

AITENDIX

17;IT Sl*BSTATION E 7

PNL 2A-TB (H121

rwa. cs 27-r 'a3u

CET L G^.D

NO. WATTS

1 -

2 1250
3 45
4 3400
5 100
6 130
7 100
8 130
9 100
10 275
11 -

12 275
13 100
14 30
15 30
16 30
1 ~/ 30
IS -

19 -

20 -

21 -

22 -

23 -

24 -

25 -

26 1500
27 -

26 1500
29 -

30 -

Total KW 9.075
=====
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YOLTAOF DROP STUDY

APPENDD:

UNIT SUBSTATION E7

PNL. 2A-RX (H39)

IL'G . 9 52 7-F-9 3 31

CRT LGAD
50. WATTS

1 -

2 -

3 360
4 -

5 -

6 100
7 -

6 100
9 100
10 100
11 -

12 -

13 -

14 -

15 -

16 -

17 -

18 -

19 700
20 100
21 100
22 100
23 75
24 100
25 75
26 100
27 100
28 100
29 50
30 175
31 50
32 100
33 -

34 100
35 240
36 100

Total KW 3.125
-====
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YCLTAGE DROP STl*DY

APPENDIX

l' NIT Sl'BSTAT l0N F7

P NL. 2AB-RX (Hil)

DWG. 9527-F-9331

CKT LGAD
50. WATTS

1 -

2 -

3 -

4 240
5 100
6 1000
7 -

8 1000
9 -

10 -

11 100
12 240
13 240
14 240
15 -

16 -

17 -

18 -

19 -

20 -

21 100
22 100
23 -

24 240
25 1000
26 -

27 -

28 -

29 -

30 -

31 100
32 -

33 -

34 -

35 -

36 -

37 -

38 -

39 -

40 -

42 100

Total W 4.800
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. VOLTAGE DROP STITOY

AITENDIX

13'IT SL'BSTATION E7

PNL. 2AB (HOS)

DWG, 9 5 2 7 - F- 9 3 31

CPT LOAD
"O. WATTS

2 100
5 100
6 100
7 360
10 100
11 240
12 240
13 100
14 1600
15 -

19 600
20 600
22 240
24 240
30 360
33 100
34 1200
36 -

42 700

Total KW 6.980
- ==
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VOLTAGE DROP STl'DY

AFFENDIX

l' SIT S L'ESTATIOS E 8

PNL. 2!9-TB f il l '. i

3|G. 9527-F-9331

C1'T LOAD
' 0. ' WATTS

1 390
2 100
3 200
7 2L0
6 240
9 240
10 240
11 240
12 100
14 100

Total 14 2.090
======
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VOLTAGE DROP STUDY

APPI:N DI X

UNIT Sl?, STATION 1:S

PNL. 2B-RX (H10)
IMG. 9 5 27- F-9 3 31

Cl~E LOAD
NO. WATTS

2 100
3 360
4 200
5 100
6 200
7 100
8 100
10 100
19 100
20 100
21 700
22 100
23 75
24 100
26 100
27 175
28 100
30 100
31 100
32 100
36 100

Total G 3.210
..=====
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' col,TAGE DROP SI'_fDY

APPENDIX

l'N I T SL'I'. STATION i8

PNL 2 Il-T I' (HI3)

IL'G. 4527-F 4331

CKT 1.OAD
NO, k'ATTS

2 1270

3 100

4 3400

5 390

6 75

7 100

8 100

9 100

Total KW 5.535
---..
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\'OLTAGE Di'OP STl:DY

AFPENDIX

UNIT Sl'ESTATIOS E8

PNL 32B (ir49 )

IT4 G. 9527-F-9331

CFT LOAD

NO. k'ATTS

1 100
2 30
3 50
2 100
5 -

6 30
7 -

8 -

9 -

10 -

11 --

12 -

13 -

14 100
15 100
16 100
17 100
18 100
19 100
20 100
21 100
22 200
23 100
24 -

Total 14 1.410
== -==
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VOLTAGE DROP STL DY

APPENDIX

L'NTT SUBSTATION PS

PNL. 2E-DG

Ik'G. 9527-P-9331

CRT LOAD
NO. WATTS

1 100
2 100
3 100
4 50
5 100
6 50
7 200
S 200
9 -

10 200
11 -

12 100
13 250
14 250
15 -

16 100
17 -

18 100
19 120
20 100
21 200
22 100
23 6800
24 100

Total KW 9.32
======
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VOLTAGE DROP STl'DY

APPENDIX

l' NIT Sl'ESTATION E8

PNL. 2D (HY11

I%'G. 4;?7-F-9731

CFT LOAD

50 WATTS

1 -

2 100
3 100
4 100
5 100
6 100
7 100
8 100
9 100
10 100
11 100
12 100
13 100
14 100
15 100
~6 100
17 100
18 30
19 30
20 30
21 30
22 30
23 30
24 30
25 -

26 30
27 -

28 100
29 100
30 30

Total Ka' 2.070
======
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VOLTAGE DROP STUDY

ATTENDIX

UNIT SUBSTATION E8

PNL. 2B (E07)

DWG. 0527-T 0331

CET LOAD
NO, VICES

1 150
2 30
3 600

240-.

5 240
6 600
7 -

S -

9 100
10 0

11 125
12 2000
13 2000
14 30
15 100
16 100
17 -

18 -

19 275
20 -

21 100
22 100
23 100
24 100
25 100
26 120
27 120
2S 120
29 100

To t al 1~n' 7.55
. .==
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1.0 FI'RPDFE

1.1 This s tudy is an analysis of the voltage regulation pc rieman c ofAbe

Erunswick S ten: Electric Flant auxiliary distribution systen. Firs t ,

the eptimum transforner tap settings were detemined f or the various

auxiliarv t rans f ome rs . Second, using these tap settings, the voltage

ranges at the various auxiliary load terminals we re de te rmined, for the

expecte d generater and 230n' switchyard voltage variations , and for

postulated variations in load conditions. Third, limitations on

generator and 230D switchyard voltage variations were determined.

"'he s e limi t a tions were established such that under expected normal

eperating conditions ecuipment design lifetimes vould not be de :reased.

Under emergency cperating conditions the litits were set to provide

proper operation of all safety-related equipment.

S

@
-1-
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2.0 S1'?'AEY Or FISIITs

2.1 SO"ECE VOI~ AGE TISTEIC"' IONS

2.1.1 Criteria

por those operating conditions which are expected to continue

for long periods of time, the voltage criteria at the load

buses were chosen to maxi = ice mater life (90% to 110% of the

motor rated voltage), and the source voltage restrictions for

these cases were based on such criteria. (See Article 3.2.1).

For the emergency operating conditions, the voltage criteria

vere chosen to ensure that all safety-related equipment vould

function, (S5% to 1101 of the motor control center voltage),

with th' possibility that motor life might be adversely affected

if operation beyond either voltage limit continued for a long

h period of time. (See Article 3.2.1). For all motor starting

cases, both accident-related and nornal operation, the voltsge

criteria were chosen to ensure that the motors in question vould

start (70% or 75% for 4000-volt safety-related motors, 85% for

all 460-volt motors and 4000-volt SDP motors), and that the 480-

volt starters vould not drop out (70%).

It is reconmended, for the operating conditions shovn, that the

source voltages be held within the restrictions tabulated in

2.1.2 and 2.1.3.

@
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. . l . .,>

GENEi.ATOR AND Sk'ITCHYAED YOLTAGES

. .,3.e- w- wL .c. . c.3.v. . r y r_ v al C ,,w u , lnw-rm r.s D . .np
23 r. . w .

's' OLT AGE DR OF _S T_ '."..T. (4160 VOET EUSES COMMON B 6 COMMON A TIE EFI.AFER OPE!O

r ~ r. e . 1_ T. w.a gC.r. r y f. . 4 .s-- s u. -

. u

LASE PEI'-I';IT ACTUAL
vt_tur._e 7. r.u_c ov.. uT -qv 2 ge r-, s_v s st u

UAT, LIGHI LOAD

GEN 24000 1.0365 24676. Max.

EAT, SCRESi WASH FOT 2 A STARTING (FL'LL LOAD)

GEN 24000. 0.9665 23195. Min.

SAT, SHUTDOk'5 (LIGHT LOAD)

SWYD 230000 1.009f 23206E. Mr.x .

SAT, l' KIT LCAD5 FED FROM UAT

h SkTD 230000 1.013E 2331E5. Max.

SAT, SCREEN k' ASH FDT 2A STARI.ING (FULL LOAI)

SkTD 230000 0.9727 223711. Min.

SAT, 2I LOCA START (FULL 5., CAD)'
-

t a'.? 230000 7.9593 220639. Min.

@

-3-
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3.0 DIS C"S S ION

@

3.1 _ EASES FOE COMFATlSON

3.1.1 Tao Settines

The criterion used to choose transformer tap settings was

t o de t e rmine , for each set of tap settings, the maxi =;=

230 KV switchyard voltage required to meet the load voltage

requirements. To accomplish this, for each tap setting

c ombina t ion , voltage drop calculations were performed for

the SAT Shutdown (Light Lead) case t o d s t e rmine t he maxicu:

switchyard voltage. The tap settings chosen are those which

most closely approach the desired switchyard operating voltage

of 96.0 to 1021.(3*1) The tap settings chosen mus t alsorange

provide proper 1 cad voltages over the entire range of generator

9
voltages from light load to full load. (See Article 3.2.1).

The reco= mended tap settings do this. (See Article 2.2).

O
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32 CRITERIA

3.2.1 Allowable Load Vol tare Rances

3.2.1.1 Motor voltage criteria vary with the class of the motor,

as well as the voltage rating. Ter 4000-volt notors,

. (5.2)(5.3)
non-Class-IE, the requirements are:

Running continuous 4000-V base 901-110% 3600-e400V

Starting 4000-V base 65%-110% 3400-4400V

E'unning transient 4000-V base 65%-1101 3400-4400V

For a000-volt motors, Class IE, specified and supplied by

G.E., the requirements are : (5.4)(5. 5)

Running continuous 4000-V base 90%-110% 3600-4400Y

Starting 4000-V base 70%-110% 2500-4400V

6 Running transient 4000-V base 70;-110; 2500-4400V

Tor 4000-volt cotors, Class IE, specified by UE&C, the

requirements are: (5. 6)

Running continuous 4000-V base 90%-110% 3600-4400V

Starting 4000-V base 75%-110% 3000-4400V

Running transient 4000-V base 75%-110% 3000-44007

(F~7)For 460-volt motors, the requirements for normal motor life are:

hunning continuous 460-V base 90%-110% 414-506V

Starting 460-V base 850-110; 391-506V

Running transient 460-V base *70.70-110% 325-506V

* Eased on 2001 torque at rated voltage for NEMA design motors.
(5.E)

Motor control centers were specified for 450 volts, and the
(gg minimum hold-in voltaFe requirement for the starters is 70% of

480 volts, or 336 volts. The minimum pickup voltage requirement
for starters is E5% of 4B0 volts,or 408 volts.

-7-
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3.2 CEITEEIA (Cont'd)

3.2.1 Allowable Load Volt are Ranges (Cont'd)

3.2.1.2 Ter the normal eperation cases, that is, for the UAT

Tull Load, SAT Tull Load, UAT Light Load, and SAT Shut-

down cases, the load voltage restrictions are based en

the rated continuous running voltages of motors to

achieve ncrmal lifetimes (90; to 110% of rated voltage,

40007 or 460V). (See Articles 3.2.3 for definitions

of these cases).

3.2.1.3 Operation at voltages higher than those gi /en would probably

result in abnormal heating of mocors due to saturation.

This heating would shorten the Mean Time Between Tailures

f or the motors so exposed. The MTET could be expected to

9- decrease with increased time at nigh voltages, and to

decrease rapidly with increased voltage levels above the

voltage where saturation begins. At the other extreme,

because the speed of an induction motor varies greatly

with changes in frequency and only slightly on voltage,

the load speed remains essentially constant with decreasing

voltage. Therefore, the load power and electrical volt-

s pere recuirements remain essentially constant for decreasing

rot er voltage, and the current increases. Eelev the limiting
2values shown in Article 3.2.1.1, the 1 K losses due to this

increased current could be expected to produce abnormal

heating and again result in reduced MTET's. Both of these

e f f ect s are long-te rm results of high- or low-voltage

h operation, hence these limiting values apply only to

.g..

.
_ . _ _ ..
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3.2 CRITERI A (C ont ' d)

3.2.1 Allowable lead voltare Ranges (Cont'd)

3.2.1.3 eperating conditions expected to occur for a

substantial portion of the forty-year plant liietime.

Since high voltages would occur with most motors

stopped, while low voltages would occur with most

motors running and therefore more motors would be

exposed to the potentially damaging condition.

Thus the decrease in reliability due to extended

low-voltage operation would be much more severe than

that due to extended high-voltage operatien.

3.2.1.4 Tor 4000 volt motor starting cases, the criteria are

simpler. At the 4160-volt level, the limitation is

9 maintaining the minimum motor voltages cited in

Article 3.2.1.1. Since motors can, without stalling,

ride through a transient voltage dip at a voltage

sufficient to start them, the limiting condition for

the 4160-volt level is to maintain suf ficient voltage

to start the motors. At the 4SO-volt level, the

limitation is that the starters of motors already

running must not drop out when a 4000-volt motor

starts. Starters are not guaranteed to hold in at

voltages below 70% of their rated coil voltage, or in

the case of ESEF, 70% x 480V or 336V. For 460 volt
.

motor starting cases, the criterion is simply that the

460 volt motor must have no less than rated starting

kh voltage (E5% of 4607) .

. _9
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3.2 CRITERIA (Cent'd)

2.2.1 Allowable Load Voltage Rances (Cont'd)

3.2.1.5 For the running LOCA and 2X LOCA cases, the postulated

combination of depressed 230rJc systet voltage and heavy

auxiliary load would not be expected to continue

indefinitely. Because these are temportrv conditions,

and because such an accident could affect the operating

!ife of the plant, reduction in motor MTEF becomes a

secondarv consideration. The important voltage limitation

in these accident conditions is icposed by the requirement

of 85% x 4E0V or 40S'i at the motor control centers to

ensure that a starter will pick up.

@ 3.2.1.6 Using the above values, voltage criteria were developed

for buses and unit substations. At the 4160-volt level,

the voltage drops due to cable i=pedances are negligible.

Hence, the bus voltages are considered to be the same as

the motor voltages. At the 480-volt level, the voltage

drops between the unit substations and motor control centers,

and between the motor control centers and the motor termintls

are significant. VOLTS runs were made to determine the exact

480 Volt unit substation voltage recuired to maintain the

required voltages at all motor control centers. It was found

that if the voltage at Unit Substation E7 is above .5716, and
.

that at Unit Substation EE is above .8503, then all MCC

voltaces will he at least E51. VOLTS runs were also made

h

-10- *
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3.2 CRI TRIA (Cont'd)

3.2.1 All owable Load voltare Rances (Cent'd)

3.2.1.6 to determine the minimum urit substatior voltages to

ensure that all MCC's will see not less than 70;

voltage when 4000 volt motors start. It was found

that if the Unit substation Eb voltage is .7368 x 4E0Y

or more, c.11 MCC's will see not less than 70; voltage.

Note that specifying a single unit s ub s ta tion 's

voltage essentially specifies all unit s ub s tati ons '

voltages, because unit substation voltages are

determined by the 4EV systee voltage.

3.2.1.7 Su r.arv of Voltare Recuirements

4160-Volt 11uses Minimum Maximum

Running Voltage 3600 4400

Starting Voltage (non-Class IE) 3400 4400

Starting Voltage (Class IE Spec. by G.E.) 2500 4400

starting Voltage (Class IE Spec. by UELC) 3000 4400

460-Volt Motors

Starting voltage at motor terminals 391 506

@

-11-



,mr r e. * ; * p+r v.r .e m q, e * . "/ .c - ' v e.n . s. er ,7n-.Me& Is
,p wvLwI v.. . .....&.A w- .

,

, , m .7. m. ho b b
, - -,-n , - , - , r, ,f

9OL ,L U e . ni. - ,, % e . n, .1 U ,\.- \JOw Oss *

i., - n m - 6 Y6ns o ussa sv. A-p , L w . h 1 r.- - , , , - - , , , - , - ..nupl.b = t < w .< = n l e ts q . * r,d .a --, , , - . . ..

. w

n n a 2 v .r., n vce, , q , . ., e .r. RMV UpVL,

-, 7 .g . . DU r * :".n, .- , , -i .Vc s v L i WO L
m , - e. 3,n.-,--

L. ..1

OnD* T L Ii*'" t v * ' m. f'*. L"'* w'. M L
-- * **- , . -

/ .s i
-.-, - , , - ,,m,e-.-,-. .,m, m. p 1, d i . r'.u,rw r. - L DUD b V L A n o !. V v a r* e -D

--
L r w-- r ;r- .,e m - n . a n - . h ''. T -ws*wh-DLJ.h.7^.- -, r c. - ,

.v.. */ .U.wh
-, . . , , -- 7m.pc, 7,,y-. , . , , . . h v a ,s a ,\ o.,, 4.suthew usa. ww . u,v e n

. ,-n -n, ,-

zwn MDL. C.mbCLU 4L0.

7. ) %CL. L' . O 12 0 4 .) D .
, a n - - , - -

.

L . - s w .;w-r. r cpe,6-7.-- 7-,Sq r s. .: 7. m. b s.i c m y, . T g .e< .p p upqr {qi- pm*v s . . .J L.ory n n, sww .swssaso avnea y v w- ... s .v -aw .w.

- n ,,.n,. , q n.55cc ,Lc.4*O 500. L

*4 ,; L. . l.Dw;GJ 9 w> J .
, n ~ 9- snp.r v v

pm,-DwLsaLh-,.g.,- 7 ,% , i , , n - es , e . n . - - ,- r ,

Lvon ) . n h .1.s v i U .N A 1 D U D b . n, i . v . - .r., / "* v i v t Lv..andL
-..% ,-, n,, - ,%-, . , -

=

^ r* A q M 8) #3 . --[2 vn, ** D'' . PgL. L , / U v L't JJU.
n I L U .g J ~s d .ne m ,-e n r=r .% 's C L . L ,fn

-a, . - , , , -c -,,,. h d L e r .p\ . L hD-

h v, .,m nauh
,,-, , ,s, , a O sJ L, e . h . 7 m ,, LO-,, ,mr-,~- --. - - ,vwn D A t. B . 7 ,i s c p wVa wwu i V..

-mr.*. c D "e L L . L./nnnL t< 0
s-n q, -

JJD4w

G LG % Cs L . *; . /JUD .m O % .
e r-n ,n n m-c-

c. p .,-n--,,---.-,ny. y , %, -n p r q 7.-- m y L ,c.LhD-,

n' e. . 71 O V O D a n . I V.V L/ nv.Us wva.hvu-..,y ,

eb ,'i.s p
-

sIULu V...
re n. n -n ps

4Le.b %OV. U . M h . n r> N .L *o ..s o

- r,n n -- 7 s6y
L/ MOL. b . 0 / g =s Mis.-

z ~ .un L O ., u- h C L a,- r , S
, - , , -

. r.s ,u, z . n a a Oi, r -mo ..,m,-,- -,.-, ,,r . ,1 , 7 on, ,s. , L. . . .st. v. o s
*3% . ,o .C . - ,e n C*y r~ m ren sub.ve sol.

EB 4rC. C.cSE4 425.

-- - -
I..,,., Ca,s, h aL L Lh-a.rhD-,,.3 n

s, usaa b u LS a n, a I Ds,- s. .r.t u L .r L C n, .r . , , - , -~, .v a va, ae - - - . p *n e n- on a
4 A t, 1CL. 0.9CLU Nig.

,- ,- ,. 9. C /13 910.- . , - , -

4L *CO. o

e re'". r o-en ,-- a amyy- l -
r-

<b a r - . h .1 r ,, ut. u. . 7 s --- 3 J.s~,77 7 n, ,.,, , e-s a>v vz wusantuu vwo
,,, ,-n , - , , , ,, ,
6.u MDL. L. Lob 949.

st 4CL. L.0/sL 4 .3 -?.- ., 9 n pn- , - e m

u
--

wvs.z~t~^>--m C ,s- . L aoen'nJa- D t , v , ' .n.o w = w . n> '.'' 1 v. --,r-- - -. . , . - -
tvuL L u n, 7 , u ..a s
~ , , . wwe va .

h ..s s t, u . C . Q. C LA O 4 .) ,9+-n p r *1
L .

-

COM D 4BC. C.E753 420.

Note: Tirst line represents the MCC having the lowest bus volt ge for the
operating condition. The second line represents the ur it substst.'on
to which the MCC is connected and the corresponding; vcltage on it s Sus.

-12-

_
_ __



@ 3.2 C RI TER_IA_ (Cont'd)

3.2.2 Loads

4000 Volt motor loads were based on the load brake horsepower,

using the motors ' actual efficiencies and power factors to dete rmine

the electrical loads. The starting admittance values for both 4000

Velt and large 460 Volt motors were derived from the- motors' actual

inrush currents and power f actcrs. Running loads on the 460 Volt

system were taken from the 480 Volt Load Studv('*')
; C

3.2.2 Postulated Events and Plant Deeratine Conditions

3.2.3.1 " Normal Optcation", as used in this study, includes the

entire range of steady-state non-accident conditions from

cold shutdown to full nower operation. Any of the conditions

included in this concept could be expected to continue for

@- weeks or months at a time, and therefore the load voltage

range for these conditions is that described in Article 3.2.1.2.

The load conditions for normal operation are:

UAT Full Load

SAT Full Load

UAT Light Load

SAZ Shutdovn (Light Load)

3.2.3.2 " Motor Starting" cases refer to those motors which would be

started at.various times during normal plant eperation. On

each 4160 volt but and each 460 volt unit substation, the

largest motor was selected for study. It was assumed that

the motor was starting while all other loads recuired for

f ull power operation were running. If the largest motors

-13-



' 32 CRITER'A (Cent'd)

3.2.3 Postulated Events and Ilant Deeratinr Conditions (Cont'd)

3.2.3.2 on each bus can be started under this condition, it is

reasonabic to assume that all motors can be started

under all "Nercal Operaticr" conditiens. ~hese motor

starting runs were cade f or both the UAT and SAT.

The follow-ing rotors were studied:

Motor HP Fed From Via

Reactor Recirculation
Pu p MG Set 70D0 4160V Eus 2L -

Circulating Water
Intake Pump 2E 2250 4160Y Eus 2D -

Screen Wash Pu p 2A 200 450V Unit Sub E7 MCC 2FA

Screen Wash 'ru=p 25 200 LE0Y Unit Sub EE MLC 2PL

G Turbine Building Closed
Cooling Water Pump 2A

200 4E0V Unit Sub 2E MCC 2TJ

Turbine Luilding Closed
Cooling Water Pump 2B

200 4 E0'.' Unit Sub 2F MCC 2TH

Lackwash Air Elower
2-CPD-D063 ISO 4E0V Unit Sub MCC EWD

Co=non D

Reactor Euilding
Closed Cooling Water
Pumps 2A and 2C 75 + 75 4807 Unit Sub EE MCC 2XE

.

6
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3.2 CRITERIA (Cont'd)

@ 3.2.3 Postulated Events and Flant operatine Conditions (Cont'd)

3.2.3.3 "LOCA" cases are those initiated by a Loss of Coolant

Accident on 'Jni t 2. Ecth starting cases and running

cases were studied. For detailed descriptions of the

load conditions, see Article 3.2.4 The voltage

criteria for these cases are described in Article

3.2.1.4 (starting) and 3.2.1.5 (running).

3.2.3.1 "2X LOCA" cas es are those initiated by a Loss of Coolant

Accident on Unit 2 and a false LOCA signal fro: Unit 1,

resulting in the starting and running of both units' ESS

loads. Again, both starting and running cases were

studied. ~he voltage criteria for these cases are

described in Article 3.2.1.4 (starting) and 3.2.1.5

(running).

3.2.3.5 "LOCA Motor Startinc" and "2X LOCA Motor Startinr"

rre the cases which address the problem of s tarting

460 volt motors after an accident, while the emergency

motors are still running. The largest 460 volt motors

fed f rom the emergency power sys tem are the screen

wash pumps, and starting end running of the screen

wash pumps is blocked unde r LOCA condi tions . The next

largest motors on the 450 volt emergency system, which

could start unfer LOCA conditions, are the 75 horsepower

Reactor building Closed Cooling 'w' ster Pumps. The wors t

case is a pos tulated simultaneous s tart of Reactor

@.
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@ 32 CRI TEEIA (Cont'd)

3.2.3 Fostulated Events and Flant (merating cenditions (Cont'd)

3.2.3.5 Euilding Closed Cooling k'ater Furps 2A and 2C on loss

of closed cooling water header pressure.

3.2.4 Load Conditions

The various load conditions studied are defined below:

3.2.4.1 UAT Full Load: This is the normal plant operating condition,
with the generating unit at full power and
with auxiliary loads fed as follows:

Source UAT SAT

4160V Lus 2B X

4160V Eus 2C I

4160V Bus 2D I

||) 4160V Eus Common B X

480V Bus 2E X

480V Bus 2r X

480Y Eus E7 X

480V Eus ES X

480V Eus 2SY I

480V Bus Common D X

480V Bus 2L X

480V Bus 4L X
.

3.2.4.2 SAT Tull Load: This is the normal plant operating condition
with the generating unit at full power and
auxiliary loads fed from the SAT. The plant

is in operation with the UAT out of se rvice.

3.2.4.3 UAT Licht Load: This represents the estimated minimum auxiliary
load that would exist with the generator
connected to the system. Load buses are fed
from the same sources as cited under "UAT Tull
Load".

3.2.4.4 SAT Shutdown: This represents the minimum cuxiliary load,
(Light Load) with the plant shut down and all auxiliary

loads fed f rom the SAT.

@
-16-
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O
3.2 CETTERI A (Cont'd)

3.2.4 Load Conditions (Cont'd)

3.2.4.5 L_0CA Start: This represents the inrush
condition at the start of an
accident, with 2 RER pumps and
2 Cort Spray pumps simultaneously
starting, with all other loads
running as in the SAT Iull Load
condition except that the Turbine
Building Air Conditioning
Compressors are tripped.

3.2.4.6 LOCA Run- This represents the steady-state
condition during an accident,
with 2 RER pumps and 2 Core Spray
pumps running in addition to the
running loads cited in the LOCA
Start case above.

3.2.4.7 2X LOCA Start: This represents the simultaneous
starting of all RER pumps and
Core Spray purps, with all thc

fhh other loads running as in the SAT
Tull Load condition except that
the Turbine Building Air
Conditioning Compressors are
tripped.

3.2.4.8 2X LOCA Run: This represents the steady-state
condition following 2I LOCA Start
with all RER pumps, all Core Spray
purps and all other loads (except
Turbine Euilding Air Conditioning
Compressors) running. It should

be noted that this condition
applies during a LOCa on Unit 2
and simultaneous shutdown cooling

of Unit 1.

@
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3.3.1 Prerrar

~~.e E LC co :pute r prog ra "Vol.TE" was used to calculate bus voltages.r

This progra: perforts a Gauss-Seidel load flow calculation, with

provision for constant .MVA loads to model running motors, and constant

admittance loads to model starting motors. Up to 25 buses can be

codeled. Transformers with tap changers can be represented. Bus

voltages are computed by the program to a tolerance of :.00011j.0001

h per unit.

3.3.2 Fer Unit Values
-

Calculations were performed using s per-unit scheme with base values

as f ollows :

Svstem Lase Volts Lase WA

230-EV 230 EV 100

24-EV 23.5 EV* 100

4160-V 4160 '. 100

450 . 4EG-V 100

r23.5 EV is the base value for computer calculations only. Enere

generator voltages are expres sed in *,., the base value is the rated

generator vol tage, i.e., 24 EV.

@
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'i . 3 . 3 . Irredsnces

The trans f or:;aer i=pedances in the study are the actual i=pedances
(9.10)

taken fro: the test reports. Cable i=pedances were calculated

f ran the n.anuf ac turer 's data. In crder to stay within the c e! uter

program's 25-bus limi ta ti on , cable i=pedances were combined with

t rans f o r:ae r i=pedanc e s as recui red .

t

@

@
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4.0 ANALYSIS OF ALTERNATES

@
4.1 ALTE RNATIVES

Two al te rnative operating conditions have been reviewed. One operating

condition is with the 4160 Volt Euses Co:xnon E and Comcon A Tie B re ake r

Open. This is a normal operating condition. The other operating

condition is with this Tie Ereaker closed. This condition could occur

when the Unit 50. I startup transformer is out of se rvice .

4.2 4160 VOL7 BPSES COOrN E & COWON A TIE EREAKER OPEN

Review c f the various VOLTS computer runs (Appendix A) determined six

operating voltage limits. These limits are tabulated in 2.1.2. The

minimum expected switchyard voltage of 100 is above the 97.27%

required for normal plant operation and the minimum post turbine

generator trip switchyard of 96;(31) is above the 95.93; required

h for eperating the ESS ecuipment. The maximum switchyard voltage of

102% ( 5 * I'T would normally occur when the unit was operating and the
,

Startup Auxiliary Transformer was feeding both 4160 Volt Lus Common B

and 4160 Volt Eus 2E. The additional load imposed by Bus 2B would allow

the Switchyard Voltage to exceed the 101.35"; limit. It is expected that

with Unit No. 2 shutdown, the switchyard voltage would not exceed the

100. 9". limi t . In addition, any loads which might be operating during

shutdown (i.e. circulating water pumps; service water pumps, etc.)

would allow an increase of switchyard voltage beyond the 100.9%.

4.3 4100 VOLT EUSES COEON L & codon A TIE EREAEER CLOSED

Eeview of the various VOLTS computer runs ( Appendix E) determined two

operating voltage limits. These limits are tabulated in 2.1.3. The

minimum expected switchyard voltage of 100;(5.1) . s above the 9E.09%

h required f or norcel plant operation. We minimum post turbine trip

-20-



)h voltage of 961 is below the 97.20; required for operation of the

ESS equipment. This problem can be resolved in one of two ways:

a. Provide a minimum Switchard Voltage of 101.2% when tie

breaker is closed

b. Reduce auxiliary load (UAT and SAT) t o 31. 5 5' and 1 E . E !<v Ah

when tie breakcr is closed

The addition of the !.160 Volt Bus Common A loads will permit an increase

in Switchyard Voltage above the limits of 100.9% and 101.3Si noted in

4.2 and therefore cannot be considered an operating limit. For thia,

reason the VOLTS runs were not pe rf o rmed .

@

@-
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5.0 RE FERENCES

5.1 CF&L letter to NRC 'E-EO-;093 dated July 24, 19ED.

5.2 United Engineers and Cons truc tors , Miscellaneous Induction Motors

103 EP and Larrer, Specification Number 9527-01-12S-2, Revision 6,

dated June , 1976.

5.3 United Engineers and Cons tructors , Srnchronous Motors 100 HP and Larrer,

Specification '; umber 9527-01-12E-3, Kevision 4, dated July 11, 1975.

5.4 Gene ral Elec t ric Company le t ter GU-6 94 to United Engineers and

Constructors, dated April 21, 1971.

5.5 General Electric Company, Elect ric Mot or Lis t , CE Specification

Numbe r 22AE27, Kevision 1, dated November 23, 1970.

5.6 United Engineers and Constructors, Class T Induc ti on Mot ors

100 HP and Larrer, Specification Number 9527-01-125-4, Revision 4,

h dated June 9, 1976.

5.7 United Engineers and Constructors, Non-Special Alternatine Current

Induc tion Mot ors less than 100 HP in size, Specification Number

9527-01-125-1, Kevision 4, dated December 23, 1974

5.6 United Engineers and Cons tructors, 480 Volt Motor Control Centers,

Specification Number 9527-01-143-1, Revision 4, dated Augus t 9, 1976.

5.9 United Enginee rs and Constructors, 460 Volt Lead Studv f or Carolina

Power and Licht Corranv, Brunswick Steam Electric Plant. Unit 2,

Revision 1, dated March 31, 1976
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@
5.10 Trans f orme r Te s t Report

Trans f o rre r Forei rn Print Number

Main F.P. 9527-30131

Unit Auxiliary F.P. 9527-3873

Start up Auxiliary F. P . 9527-3E21

Unit Substations:

2E F.P. 9527-30073

2F F.P. 9527-30072

E7 F.P. 9527-30069

ES F.P. 9527-30071

2L F.P. 9527-30075

4L F.P. 9527-30075

|hh 25Y F.P. 9527-30076

Common D F.P. 9527-30073

@
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h 5.11 Fe' Sirrie l i n o- Diarrers

9527-F-3043 230EV, 24EV, 4160V
Eey Single 1.ine Diagra

9527-F-30M 4E07 System

5.12 sinrle 1. int Diarrats

9527-F-3002 4160V syste=
SWGR 2E , 2C , 2D and Common "E"

9527-F-3003 4160V Emergency Syster

Buses E3 and E4

9527-F-3004 4160V Emergency S ' stem
Euses El and E2

9527-F-3005 450V system L' nit substations
2E , 2F, E7, E8 and Common "D"

@ 9527-F-3045 450V Motor Control Centers
..n, ..n, ."K , .21, n2Jw, ,

.

9527-F-3047 4807 Motor Control Centers
2TD, 2TE, 2TG, 2TH

9527-F-3048 4RDV Motor Control Centers
2TK, 2TL, 2TM, 2TN

9527-F-3049 480V Motor Control Centers
2EA, 2XC, 2FI, 2XG, 2XJ, 2XL

9527-F-3050 480 V Motor Control Centers
2XE , 2XD , 2XF , 2FH , 2XK , 2}24

9f'7-r-3051 4807 Motor Control Centers
EKA, Ek'E , EW2, Ek'D

95 2', -F-3052 4SOV Motor Control Centers
EHA, SEA, k'IA and k'HA

9527-F-3053 a507 Motor Control Centers
2CA, 2CE, 2FA, 2FE, 2SA

9527-T-3055 4507 Motor Control Centers
SYA, SYE, SYC and SYD

@
9527-F-3057 450V Motor Control Centers

DGA, DOE, DGC and DGD
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/JFENDIX A

VOLIAGE DROP STl"JY

FOR

CAROLINA POkTP a LIGHT COS ANY

ERINSk' ICE STEAM ELECTRIC PIJJiT

I'?IT NO. 2

EY
~

13ITED ENGINEERS & CONSTRt!CTORS INC.

VOLTAGE S

/JsD

IMPEDANCE DIAGPJ?.S

4160 VOLT EI'EES COMMON E &

COMMON A TIE ERE/JIP CPEN

@.
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.-. o .A-e .e . . . v.n. Acr_ :

AFFi!O!X A

m. \ ' ,r./u, v. hn . r e.
-

o- w.

1. The choice of source voltages to be studied was cade as f ollows :

An initial 7CLTS run was made at the apprepriate limiting value deternined

by the source in question. For the full load, not er s tarting,and LOCA

cases, the initial runs were made at 95% of 21,13' f or the CAT cases ,

and 95% of 23013' for the SAT cases. For t.. li ght load cases,

the initial runs :ere nade at 110; of 21.KV fer the UAT cases and 105' of

230EV for the SAT cases. If the vohages which resulted f ron a given

initial run were satisfactory f or all loads, then no further runs were

h made for that particular operating case. If the voltages were not

satisfactory, then a second run was made at a voltage chosen so that the

twe voltages would bracket the limiting voltage. Af ter load voltages were

available f or two source voltages, a linear interpolation calculation was

done to determine the limiting voltage. "'he VOLTS run was then pe rf ormed

using the lititing sot.rce voltage, and these are the runs which are

presented in those cases where the limiting voltage would be deter. ined by

the loads. In the accident cases a ninimun voltage limited by the loads

was deterrined in every case, even when this voltage was below the expected

minimun 23DEV switchyard voltage.

@
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VOLTI.GF DI:0? ST;'?Y

APPE?OIX A

UAT

1.IGHT EOl3
(Eig. No. A1)

FAXIFIM VOETAGE

BUS N!?ES FEI WIT roLTAGE AcTt'At 70LTAct

GOZF.ATOR (24 KV EASE) 1.0365 24, E 76

4160 VOLT Ers 2E 1.1 4,576

4160 VOLT EUS 2C, 2D, E3 & E4 1.059 4,405

450 VOLT UNIT SUESTATION E7 1.0646 511

480 VOLT I" SIT SGSTATION 2E 1.0721 515

480 VOLT UNIT SGSTA'' ION 2r 1.0655 513

480 VOLT UNIT SITSTATICE ES 1.0631 510

NOTE: 12.L YOLTAGES, EXCEPT GDIRt. TOR, Ar.E ON 4000 VOLT OR 460 YOLT
EASE AS IJTROPRIATE.
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@ VOLTAGE DROF STI'DY

AFFENDIX A

_ _ PAT

FIACTOE RECIRC. FD'F MG SET 2E <DTOR STARTING
(Fir. No. A3)- ~

MINI. Mrv VOLTAGE

SUS NA"ES FER " NIT VOLTAGE AC*'"EAL VOLTAGE

CENEFATOR (24 EV SASE) .95 2 2,E 00

4160 VOLT EUS 2E .E093 3.367

4160 VOLT EUS 2C, 2D, E3 & E4 .937' 3,900

4E0 YOLT C.IT SUBSTATION E7 .93 446

450 VOLT Ci!! SUESTATION 2E .9378 450

4E0 VOLT Ei!! SUBS!ATION 21 .934 445

460 VOLT L'i1T SUBSTATION ES .9282 446

40DOV FIl.CTOR FICli:C. MS SET .8307 3,322

23 MOTOR

NOTE: ALL YOLTAGES AFI ON TEE EASE SEOG IN THE LEFT-FAND COLLTs.

@

13

- -

_ _ _ . . . _ . _ . . _
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VOLTAGE DROP STEJY

AFFENDIX A

l'A!

CI RC ll. ATIN G k'A T R ? t'@ FTARTING
(Tig. No. AL)

MINI!O VC1TAGE

_JS N m s PER L3IT VOLTAGE ACTVAI VOLTAGE

CENEPATOE (24 KY EASE) .95 22,800

4160 UOLi 31'S 2B .9505 3,954

4160 VOLT EUS 2C, 2D, E3 & E4 .8723 3,6?9

450 iCLT INIT 5"3 STATION T7 .6563 411

480 YOLT LEIT SGSTATION 2E .E65 415

450 VOLT LTIT SUISTATION 2T .6607 413

480 VOLT 13IT SGSTATION LF .E543 410

4000Y CIRCULATING a'ATER FIM' .E803 3,521

25 M3 TOR

NOTE: ALL VOLTAGES ARE ON TEE LASE SECUN IN TEE LETT-EISD CCLU!G.

@'

A6



@
,, ~.r r_ 3. n. v. g . t .w.-

s ,s .

r r e. r_,, *T. -
s. ~ r,.

v. .en.

c v. .e_r_,, v~. n. c. v. . r. ,.n m. n .t.. c. ~. ,. r. a .v.s.u . -- . m cc
(r4 g. ,. o. t.r,),

. .

mis'Ty'v V0ETAGE

err r.,.s . , , q< , i n e-r . - ,.;m, ,n_.r. .-
n.. . ,s .m

-,, e. . .,. s. ._ex. s ._

GENERATOF (2 '. EY EASE) .9665 23,196

4160 VOLT EUS 25 .9625 ,003

4160 VOLT Er5 2C, 2D, E3 & E4 .9321 3,E 75

480 VOLT 13IT SUESTA~10N E7 .8507 4?3

4E 0 VC.'.! "s1T S'JESTATION 2E .932 147

. c. . . . - .;.,p, r.c. 0 ,s,01.. , ,u,. cm.c i.m..nvva<

.. .- .

@' cvm .q An. v 0s a ye . c .s ** 9 - .r. J*a+
a i

iq qv v-y-w a=*. G q 1 v A.? L.s 1. OLL 1 .s o .~.
w 4

~E,O "iL .Y * '.e ~.'C.#. , C0"... "u Cr'a2Lt. .'.o. r. . c .' c. m 3 o .'ca
' -

w

460 V SCFIEN k'ASE Pr?e 2A MOTOR 1EEMINALS .8501 391

No~E: A' L VOLTAGES AFI ON TEE EASE VOLTAGE SHO'a IN TFE LETT

'iAND COLUMN.

@

A7
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VOLTAGr DROF STUDY

AFFENDIX A

UAT

TtTJ,I!E EUILDING CLOFED COOLING WA*EF PD"' 2A STARTING
(Fig. No. A6)

v. I r., w. m' '.' n. 'm* A r.>t_
'

2
-

.

EUS N!EES TER C's'IT VOLTAGE ACTUAL VOLTAGE

GENERATOR (24 1:V EASE) .95 22,800

LI60 VOLT IUS 2B .9455 3,933

LI60 VCLT BUS 2C, 2D, E3 5 E4 .9235 3,E00

4E0 VOLT IJNIT SUESTATION E7 .9031 433

450 VOLT UNIT SUBSTATION 2E .8655 415

480 VOLT UNIT SUBSTATION 2F .9072 435

h 450 VOLT UNIT SUESTATION ES .9012 433

LEO VOLT MOTOR CONTROL CEN ER 2TJ .6338 -"0

4607 5LTSI!E EI'ILDING CLOSED COOLING
WATER PLM? 2A .S573 394

N O-*E : ALL VOLTAL . AE ON THE EASE VOLIAGE SECr.''' IN THE LETT EAND
COLON.

..--

@
- AS

_



. . _ .

@
t n- .e er_ r..p nr .e. 4L n.-s & -v s

ATTE!OIX A

l'AT

M*r. iI1.\ _T TT7T".T.T.s' F. CT OR. TD.. C O".T T'.'" a.t *'r*r. Pt.%. rP "_ i. C. *.s* i'.T. T. ,. s' ''
am --6 Au at . .< . - o

(Fig. No. A7)

v.Ih'Iv1'" 70LTAGE

y,;+3 5;ss FIF L'.'!! VOLTAGE A C"UAL VOLTAGE

GEh'EF.ITOF. (24 IT EASE) .956 22,9'.4

. c - . o. s , o. p 0a ,
.-,. r,,s_ 9041e0i se s- _o

4160 VOLT EUS 2C , 2D, E3 & E.'- .9201 3,E25

460 VOLT 12:IT SI'ES*aTION E7 .9106 437

LSO VOLT I'iIT S''EST.A~ ION 22 .91S7 441

450 VOLT l'?IT SI'ES~aTION 2F .S684 417

~b,0 evn, T,.T.. cLrew,u IC,., r.c .gomec- ~3s.'
,

.% s .t .

4S0 VOLT MOTOE CONTF.0L CINEE 2 E .S3SI '02

460 Y n'REINE EUILDING CLOSED COOLING .S501 391

k'A*EE FI'.P 23

NOTE: ALL VOLTAGES AEE ON ~~r'E EASE VOL~ AGE SHOW IN THE LEI"
EAND COLU15.

.

@
. Ae

---

-. _. -



@
c -. i s .,v."u, . n c r. . r. .: nr..s

AT'PENDII A

PAT

e~.r. rre.s "h e'.cr.:. m. u .w '<r_ c + t.v. 4T. v.%.
-a

O s . . ..

(Fig. No. A5)

v.e. r e. . v. ,. _7. A. c.r..,
s

,.O,_.-.ma. r. . ,,,,7.. ...,_-r , , , _ , . , .

s o .s.t ur.er e,- r - - + n.. .. m 2 . c_. ,

GOZFJ. TOT (24 D' EASE) .9576 2,295

4160 VOLT EUS 2B .9535 3,967

4160 'OLT EUS 2C, 2D, E3 & E4 .9223 3,837

4E0 VOLT EsIT SGSTATION E7 .913 43E

480 VOLT C;IT SGSIATION 2E 42) 442

480 YOLT CCIT SUESIATION 2E .9171 440

4S0 VOLT U' SIT SGSTATION ES .56E1 417

480 VOLT MOTOR Cor:T,0L COiTER 2PE .832 399

460V SCFIOi k' ASH FD"? 2E MOTOR TEI?.ISALS .8502 391

NOTE: ALL VOLTAGES ATI 05 TEE EASE VOLTAGE SHO*.?N IN TEF LETT
EAND COLL'.G.

.

@
A10 -

.- ..- - .-. __ -
. - _ .
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@
"stA v.*.*r'. r.' r_ *) r n, '. ' C ** 9. Y.- . ..u

r.?. ?r','. . D',* *
-- r.

e..w r.

SSD5m N
as(: 4 -.ye r, O e ,

* na)
g,s f 3. n. . re gr e v e - * r.7,bv.Az. <--

-r. v. . , - - . ..-,n~- n ,.er-.t. . c . . r. -.rr .- -3.,..,,.:.~1. :.:n .8 .u-.~ . ..

230 n' S''ITCEYAED 1.0090 232,068

4150 VOLT EUS 25 1.0751 4,472

< >

~ 1 A 0 .,7 . v..e or erJ , r. 3 , t. -sv ~ . ~ , _ .

& CO:OD'; E 1.0599 ,409

t o s,e,,u- v ,.,,. ". S'c.~C ~/.". ' 0"., r ~/ 1. 0 c '. 3 .10e
.

,-,
-

.c> y , - .n A 0,.,. ,, r 1. 0 o_.3 / 22,%n D , 0, 2 1,..-,

. :.d,12 .

4S0 YCLT O?IT S35!ATION 27 1.1001 52Sg
450 VOLT l'JIT SOS!ATION ES 1.0765 517

- .r e ._n i .v ne., 9.51- , oSO9 (3. o..cy. . ..
-~ 0 10v . ,,.m.rS 2

460 VOLT OCIT SOS".ATION CO??.ON D 1.0813 519

4S0 VOLT I'JIT SGSTA ION 2L 1.0549 506

450 VOLT Di1T SGS~ATION 41 1.0725 515

NO~I: ALL VOLTAGES , EXCEPT S''ITCI'YAF.D, AF.E ON 1000 VOLT OFs 460
- v.br Ae Ae.v.en.p;IA..r..At .nnL.hv .~.s

.

@
All -

_
. - - _ -
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@
VOI.TAGE I' POP S~1'DY

AFFE!CD: A

SAT

17i!T LOADE TED ROM UAT
(Fig. No. A10)

_r.ru'I'GT VOLTAGE

EUS KAVES FTn l'iTT 70LTA~E ACTUAL VCLTA0E

230 n' Sk'IKHYAED 1.0136 233,185

4160 VOLT ET'S COEON E 1.0757 c.,4S7

460 VOLT UNIT SUBSTA"'IO'; 2SY 1.0999 528

480 VOLT U' SIT SUESTA*" ION C0Y3DN D 1.0931 525

480 VOLT SrESTATION 2L 1.073S 515

480 VOLT 1"iIT SUESTATION 4L 1.0922 524

9

NOTE: ALL VOL~ AGES, D: CEPT SGTCEl'AF.D, ARE ON 4000 VOLT OF 460 VOLT
EASE AS AFFROFFlATE.

.

@

Il2
-

_ ._..- ..
. . _ .

-
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@
V0ETAGE DROF STl'OY

ATFENDIX A

SAT

r1~E LOAD
(Fig. No. All)

MINIP'N VOLTAGE

EUS N A'E S FER Ci!T VOLTAGE ACTD1 VOETAG~

230 KV SWITCHYARD .95 218,500

4160 VOLT EUS 23 .9384 3,904

4160 YOLT EUS 2C, 2D, E3, E4 & C01^ON E .9119 3,794

480 VOLT C;IT SUESTATION E7 .9013 433

450 VOLT C;II S13 STATION 2E .9095 437

4S0 VOLT UNIT SL3 STATION 2F .9055 435

h 450 VOLT UNIT S'.ESTATION ES .8994 432

480 VOLT C;II StESTATION 2SY .9243 444

480 VOLT DiII SUESTATION COMMON D .9167 l.40

480 VOLT CsIT SL3STATIOS 2L .9027 433

450 VOLT UNIT SUBSTATION 4L .9157 440

NO~I : ALL V?LTAGES AFI D*FEESSED IN FER UNIT ON TFE EASE
VOLTAGE SECL'N IN TEE LEFT FR?D COLLH's.

O
AI3

_ _ __ . _ .

.._
- - - - .



._ .- _..

@
. , m_ - . -r. . . ~n p e. . r,v.sw a r. c . . w.

AFFE?OIX A

SAT

r v. _p u.c c. r. . 6: u. m Or, c .a~rs . _n.m- r.r e a

* r_~- +u s .rv..r ar _r: r.< . _..

(Fig. No. A12)

v. v. a- w. , v. . ,0m~Arr, c_

..m1ha-r, r-,..y ., n, . n, ui. AvieAr i .\ 1.
, , , . ,

t.i s .D .\tL,'e.r q,,- .. 6 ('fI 4 t.
_

230 KV Sk'ITCEYAF.D .95 21E,500

4160 VOLT EUS 23 .6019 3,336

4160 VOLT SUS 2C, 2D, Co?O105 E, E3 & E4 .9004 3,746

480 VOLT U' SIT SUESTATION E7 .SSS2 426

4S0 VOLT UNIT SUBSTATION 2E .6965 430

480 VOLT UNIT SUESTATION 2F .8924 42E

480 VOLT UNIT SUESTATION E8 .EE63 425

450 VOLT UsIT SUESTATION 25Y .9123 43E

450 VOLT UNIT SUBSTATION COMMON D .9046 434

4E0 VOLT UNIT SUES!ATION 2L .E91 425

480 VOLT E'IT SUESTA" TON 4L .9036 434

4000V FI. ACTOR F.ECIRC. FOT MS SET MOTOR TED2NALS .8231 3,292

NO E: ALL VOLTAGES ARE 05 TEE FJ.SE VOLTAGE SE0k'N 15 " TIE LIFT EAND
COLUMN.

.

@

A14
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@
VOLTAGE TEOP E ~~CM

APPE?CII A

SAT

CITCI'LATINC WA TF PDT 21 MOTOE STAR *~ING
(Eig. No. A13)

MINIKY VOLTAZ

FEF LTIT COLTA Z ACT'JAE UCLTAZEts NMES

230 1V SWITCHYARD .95 215,500

4160 VOLT ECS 2E .934S 3,669

4160 VOLT EUS 2C, 2D, ComCN E, E3 & E4 . S 61 2 0,595

450 i'OLT CIT SGSTATION E7 .547 407

450 VOLT GIT SGSTATION 2E .5559 411

450 VOLT WIT SGSIATION 2F .5515 409g
450 VOLT WIT SGSTATION ES .545 4 06

450 VOLT CIT SGSTATION 25Y .6747 420

460 VOLT ' TIT SUESTATION COBION D .8657 416

450 VOLT CII SGSTA*~ ION 2L .55!4 419

450 VOLT WIT SGSIATION 4L .8656 415

4000V CIRCULATING WATER PDT MOTOR 2E .8721 3,458

NOTE: ALL VOLTAGES ARE ON THE EASE VOLJ.GE SHOWN IN THE LETT EldO
COLDS.

@

A15

.- .. - - . . . - -
. .--
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@
VOITAGE DRDF S~~~DV

AFFD DIX A

SAT

SCEEOC KASE PD'? 2A STAETI';G

(Tig. Nc. A14)

grv. i%' T. V. .'.7.F 's' O1.. . AC,.,T_.- a

- + , r3v w e r rhs.rTv'n**'s'ry ? = (7_;++e 3 par e ;r_ i. * ". 4' *A 1* v LL22Atv4Mr.i.5 A.. s . .

.y 9 ...s,ill. . / .m =g=
<.n a n 3.pn_n . 0 o.,, q. 7 .wr ..

, t .. ..

4:60 VOLT EUS 2E .9623 4,003

4160 VtLT E''S 2C, 2D, E3, E4 & CD:GON E .9319 3,E77

450 VOLI C'IT SGSTATION E7 .8507 423

480 VOLT C;IT SGSTATIOS 2E .5318 399

4S0 VOLT UNIT Si3 STATION 27 .9279 445

9' 450 VOLT CsIT SGSTATION ES .92:1 .43

4E0 YOLT CCIT S'3S"ATI0's 2SY .9451 454

480 VOLT UNIT S 3 STATION ComiOS D .9377 450

480 VOLT CCIT SGSTATIOS 2L .9229 L43

460 70LT UTIT SUES"ATION 4L .9367 450

480 VOLT MOTOR CONTROL CENTER 2?A .8299 395

460V SCFIEN WASE PO? 2A .5502 391

NO"I: LASE VOLTAGES AFI SHOWN IK "IE LETI HAID COLUMN.

.

@

A16

._ ___. _ . . . . . . . _ _ _ . _ _ ._. _ _ _ _ . . _ .
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VOLTAGE DRDF STIDY

AFFENDIX A

StiT

Ti'REI"E EUILDING CLOSED COOLING WATER Fl'!9 2A MOTOR S*IARTING
(Fig. No. A15)

.

MINIM 3' VOLTAGE

FUS NAMES FEF 1"iTT VOLTAGE ACTLAL VCLTAGE

230 KV SWITCHYARD .95 216,500

4160 VOLT EUS 2E .9379 3,902

4160 VOLT EUS 2C, 2D, E3, E4
& COMMON B .9061 3,769

460 YOLT INIT SI'ESTATION E7 .8947 429

480 VOLT L5IT SUESTATION 2E .8579 412

480 VOLT 1"i1T SUBSTATION 2F .8989 431

@ 480 VOLT 151T SUBSTATION ES .8926 429

4E0 VOLT l' NIT SUESTATION 2SY .9182 441

480 VOLT UNIT SUESTATION COMMON D .9106 437

450 VOLT INIT SUBSTATION 2L .8968 430

480 VOLT UNIT SUBSTATION 4L .9096 437

480 VOLT MOTOR CONTROL CENTER 2TJ .5265 397

460V TUFlINE EUILDING CLOSED COOLING
WATER F;MF 2A .8498 391

NOTE: ALL VOLTAGES ALE ON TEE EASE VOLTAGE SHOWN IN TEE LIFT
EAND LOLUMN.

O
A17

. . . - ___ . - . - - . . - . - - .-. _- .-. - - .
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@
VOLTAGT DROD Fn'DY

APPE! DIX A

SAT

Tl'EBI?;I SI'ILDI?C CLOSED CO?l!! 0 k'! EE ITMP 2S STAET

(Fig. No. A16)

MI';IMlH VOLTAGE

,
SUE ? MIS TER E':IT VOLTAGE A CTl'AL :'OLT AGE.

230 KV SWITCHXAED .9623 221,329

4160 YOLT EUS 2E .9511 3,957

4160 VOLT BUS 2C, 2D, E3, E, & COMMON 3 .92 3,827

480 YOLT 12?IT SUESTATIO!: E7 . 910J. e37

450 VOLT 151T SUBSTATION 2E .9185 -;l

450 VOLT UNIT SGSTATION 2r .5684 417

480 VOLT CsIT SUESTATION E8 .9085 436

480 VOLT CCIT SGSTATION 25Y .9326 445

4SL VOLT C?IT SGSTATION Col ^DN D .9252 4/. 0

460 VOLT ITIT SGSTATION 2L .9108 437

4SO VOLT CCIT SGSTATION 4L .9242 444

450 VOLT MOTOR CONTROL CENGR 2TH .E362 402

460 V TUF3INE EUILDING CLOSED CODLING .E501 391
KATIE PUMP 2B

NOTE: ALL VOL' AGES ARE ON TFI LASE VOLTAGE SHOWN IN THE LETI
ELND COLU!C;.

@

A1E

_ _ _ _ _ . - - - . . -- .- -
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@
VOLTACI DF.DP S~TDY

AFFEICIX A

SAT

SCEEEN WASF PD'? 2B STARTING
(FiS. No. A17)

MINIMIT VOLTA 2

EUS NAMES PER 13IT VCLTAGE ACT!?AL ''" AGE
~

230 n' SWITCHYARD .9638 221,674

4160 YOLT EUS 23 .9527 3,963

4160 VOLT LUS 2C, 2D, E3, E4 & COM ON E .9222 3,836

480 VOLI IECIT SUESTATION E7 .9126 438

460 VOLT Ci1T SUESIATION 2E .9207 442

480 VOLT UNIT SUBSTATION 2F .9167 440g
480 VOLT 12iIT SI'ESTATION 2SY .8679 417

480 VOLT Ci1T SUBSTATION COE0's D .9347 449

480 VOLT UNIT SUBSTATION 2L .9273 445

480 VOLT CsIT SUESTATION 4L .9263 445

480 VOLI MOTOR CONTROL CENTER 2PE .8319 399

460 V SCFIEN WASH PUMP 2B .8501 391

NOTE: ALL VOLTAGES ARE ON THE EASE VOLTAGE SHOWN IN THE LEFT H/SD
COLD 2s.

_

@

A19
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'' VOLTAGE DROP STL*DY

!sPTE!OIX A

SAT

LOCA STAP.T

(Fig. No. A1S)

MINIM P VOLTAGE

BUS ne'ES FER UNIT VOLTAGE ACTUAL VOLTAGE

'

230 l'V S'n'ITCHYARD .9115 209,645

4160 VOLT EUS 2E .9218 3,835

4160 VOLT EUS 2C, 2D, E3, E4 6 Co.910N E .7577 3,152

480 YOLT UNIT SUBSTATION E7 .7457 358

4S0 VOLT UNIT SISSIATION 2E .7151 343

480 VOLT UNIT SUESTATION 2F .7079 340

480 VOLT INIT SUBSIATION ES 7366 354g
460 VOLT UNIT S13 STATION 25Y .7603 365

4S0 VOLT UNIT SUESTATION CCM405 D .7485 359

480 VOLT UNIT SUBSTATION 2L .7419 356

480 VOLT UNIT SUBSTATION 4L .7468 358

4000 VOLT CORE SPPAY FLW 2A .7735 3,094

4000 VOLT RHK FUMP 2A .7807 3,123

4000 VOLT CORE SPEAT PUMP 2E .7705 3,082

4000 VOLT RER FUMP 23 .7777 3,111

NOTE: FASE VOLIAGES FOR ALL LOAIS ARE THE RATED VOLTAGES SHOW
'

IN THE LEFT FAIO COLUMN.

@
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@
VOLTAGE LEOF STI'DY

A??E'sDIX A

SAT

LOCA Rl'';

(Fig. No. A19)

MINIKH YOLTAE

BUS RO'ES PER UNIT VOLTAGE ACTl'Al VOLTAGE

230 la' S'CTGYARD .9291 213,693

4160 YOLT SUS 23 .947S 3,943

4160 VOLT EUS 2C, 2D, E3, E4 & COMMON E .8543 3,679

450 VOLT UNIT SUESTATION E7 .8576 426

480 VOLT CIT SUESTATION 2E .6637 415

4SO VOLT UNIT SUESTATION 2T .E5S2 412

480 VOLT GIT SUESTATION ES .SSO4 423

450 VOLT UNIT SUBSTATION 2SY .8927 428

480 VOLT UNIT SUESTATION COS2 ION D .8826 424

450 VOLT UNIT SUBSTATION 2L .6711 418

4SO VOLT UNIT SUESTATION 4L .8814 423

NOTE: ALL VOLTAGES ATI ON TEE EASE VOLTAGE SHOW IN THE LETT FJJO
COLUMN.

@

A21
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VOLTAGE DROF S"'OY

AFFE!'DII A

SAI

2X LOCA R15
(Fig. No. A22)

MINIMUM VOLTAGE

FPS N.f?ES FER 13IT VOLTAGE ACTUAL VOLTASE

230 TV SiITCHYAED .9331 215,073

4160 VOLT EUS 2B .9534 3,966

4160 VOLT EUS 2C, 2D, E3, E4 & C01240N B .8843 3,679

4S0 VOLT 151T SUESTATION E7 .E876 426

450 VOLT UNIT SUBSTATION 2E .8636 415

450 VOLT UNIT SUBSTATION 2F .E581 412

480 VOLT UNIT S13 STATION ES .8803 423

9 480 VOLT C!IT S13 STATION 2SY .8926 428

480 VOLT C;IT SUESIATION C0'240N D .8827 424

480 VOLT UNIT SUBSTATION 2L .871 418

480 VOLT INIT S13 STATION 4L .ES14 423

UOTE: ALL VOLTAGES AFI ON THE EASE VOLTAGE SHOW IN "JIE LEFI HAND
COLUMN.

9
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VFLTAGE PROF SE*DY

t.PPE!' DIX A
SAT

2X LorA

REAC TOF EI'ILDING CLDEED COOLING WATER T1??S 2A AND 2C START
(Fig. No. A23)

MINIEH VOLTAGE

BI'S Rt&ES PEE UNIT i'OLTAGE ACTU/.L VOLI/sGE

230 }T SWITCHYARD .955 219,650

416C VOLT EUS 2B .9739 4,051

4160 VOLT EUS 2C, 2D, E3, E4 L Cole 10N E .9046 3,764

480 VOLT UNIT SUBSTATION E7 .S775 421

ASO VOLT CCIT SGSTATION 2E .SS72 426

4S0 YOLT CCIT SUESTATION 2F .SS19 423

480 VOLT CCIT SUESTATION E8 .9033 434

480 VOLT l'iIT SUESTATION 25Y .9141 439g
480 VOLT UNIT SUBSTATION C0!OiON D .9044 434

480 VOLT UNIT SUBSTA~ ION 2L .592 42S

480 VOLT C!IT SUBSTATION 4L .9031 433

460 VOLT MOTOR CONTROL CENTER 272 .S266 397

460V FIACTOR EUTLDING CLOSED COOLING
WATER PUMP 2A .85 391

460V FIACTOR EUILDING CLOSLD COOLING
WATER PUMP 2C .8534 393

NOTE: ALL LOAD VOLTAGES AFI ON THE LASE VOLTAGE SHOWN IN DIE LE'FT FJ.ND
COLEG'.
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VOLI AGE DROP STUDY

APPENDIX E

GENERAL NOTES

1. Ite choice of source voltages to be studied was made as follows:

The VOLTS runs of 4160V Luses Common A & Common L Tie Breaker Closed

were made for the worst cases of minimum Switchyard Voltage based on

the previous studies with the tie breaker open (Appendix A). Erth the

normal operating conditions and accident conditions were considered

for the VOLTS runs. The worst case Switchyard Voltage for the normal

ope rating condition is SAT, Screen Wash Pu=p 2A Starting (Full Load).

The wors t case Switchyard Voltage for the accident condition is SAT,

2X LOCA Start (Full Load).

|h 2. Impedance input data for the VOLTS runs duplicated the input data

utilized in Appendix A VOLTS runs. Load input data for the VOLTS runs

was the same as input data in Appendix A with the exception cf the

4160 Volt Bus Loads. These loads were increased to reflect the additional

loads from 4160 Volt Eus Common A.

3. The Switchyard input voltaFe to the VOLTS run was then increased to

compensate for the additional load. The resu? ting Switchyard Voltages

meet the criteria established in 3.2.

@
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?CI TAGE DRDP STI'DY

APTENDIX E

SAT

SCREEN WASF Tl?" 2A STARTINO
(Fig, No. El)

MINIM'? VOLTAGE

EUS NAMES P. U. VOLTAGE ACTUAL VOLTAGE

230 Ki' SWITCHARD 0.9809 225,607

4160 YOLT EUS 2E 0.9703 4,037

4160 VOLT EUS 2C, 2D, E3, E4. COMMD5 E , COMMON A 0.9326 3,550

4E0 VOLT INIT SUESTATION E7 0.8815 423

450 VOLT UNIT SITSTATION 2E 0.9326 445

480 VOLT UNIT SUESTATION 2F 0.92EE 446

4E0 VOLT INIT SUESTATION EE 0.9228 443

@ 480 YOLT UNIT SUESTATION 2SY 0.9457 454

450 VOLT t'!IT SUESTATION COMMON D 0.93S84 450

480 VOLT LNIT SUESTATION 2L 0.9236 443

480 VOLT UNIT SUESTATION 4L 0.9374 450

460 VOLT MOTOR CON ~ROL CENTER 2PA 0.6307 399

460 VOLT SCREEN iiASH PI'MP 2A 0.E510 391

NOTE: F. U. VOLTAGES ARE EASED ON BASE VOLTAGE SHOR; IN LETI-HAND COLLS'S

@
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VOLTAZ DROP STUDY

AFFENDIX B

SAT

2I LCCA START
(Fig. No. E2)

MINIM"M VOLTA 2

EUS NAMES P. I' YOLTAGE ACTL'AL YOLTAE

230 D' Sk'ITCHARD 0.9720 223,560

4160 VOLT EUS 25 0.9793 4,074

4160 VOLT EUS 2C, 2D, E3, E4, COMMON E, COMMO5 A 0.73E2 3,154

LSD VOLT UNIT SUBSTATION E7 0.7462 355

4E0 VOLT UNIT SUESTATION 2E 0.7157 344

' 60 VOLT UNIT SL'ESTATION 2r 0.7086 340.

h 480 VOLT UNIT SUBSTATION E6 0.7372 354

480 VOLT L3II SUESTATION 2SY 0.7606 365

480 VOLT L'iIT SUESTATION Cod 240N D 0.7490 360

480 VOLT LTIT SUESTATION 2L 0.7424 356

480 VOLT l' SIT SUESTATION 4L 0.7474 359

4000 VOLT COPI SFRAY PUMP 2A 0.7740 3,096

4000 VOLT PSR PUMP 1A 0.7E01 3,120

4000 VOLT FER FUMP 2A 0.7E12 3,123

4000 VOLT CORE SFRAY PUMP 2B 0.7711 3,054

4000 VOLT RER FCMP IE 0.7E14 3,125

4000 VOLT PRR FUMP 2E 0.7782 3,113

NOTE: F. U. VOLTAGES API -LASED ON EASE VOLTAES SHOW'N IN LETI-HAND COLUMN

O
E

.__



VOLTAGE DPDP STUM

AFFENDI'> E

SAT

2X LOCA RUN
(Fig No. 33)

MINIM'M VOLTAGE

EUS NAMES P. U. VOLTAGE A CCAL VOLTAGE

230 Ei Sk'ITCHYARD 0.9460 217,580

4160 VOLT EUS 25 0.9637 4,009

4160 VOLT EUS 2C, 2D, E3, E4, COB'05 E, COMMON A 0.S54E 3,651

4E0 VOLT UNIT SUESTATION E7 0.ESE1 426

4E0 VOLT D;IT SUESTATION 2E 0.8642 415

450 VOLT UNIT SUESTATION 2F 0.E557 412

6
480 VOLT DsIT SUESTATION EE 0.6E09 423

4S0 VOLT 0;IT SUESTATION 2SY 0.E931 429

480 VOLT UNIT SCESTATION COMMON D 0.SE33 424

480 VOLT UNIT SUBSTATION 2L 0.E716 416

4S0 VOLT UNIT SUESTATION LL 0.E619 423

NOTE: P. U. V0'.TAGES ARE EASED CN EASE VOLTAGES SHOW IN LETT-FE;D COLD 2i

@
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*u:np e. *? 9;.-, m' ~. A rr_ ns- .v u

ATTENDIX F
.c. P. .r

.

2X LOCA
(Fig. No. 34)

t ne r_ n. c. typ r. ,.u- .gu . , v. mep e . n, A.3 ..- e.A,pv- . s .
-r t-r - -

w. -. ., .- .ar r., r , c. . t ;. t..v. . v_v.p. cn .u

MINIMUM VOLTAGE
e,. r v . n, s.rr.w,q e.t.v. _r. e .

. c,_ . r,. c r g ~- r.- , yxs ;- u~

230 KV SWITCHYARD 0.9670 222,410

4160 VOLT EUS 25 0.9E52 4,09C

4160 VOLT EUS 2C, 2D, E3, E4, COMMON E, COMMON A 0.9050 3,765

4E0 VOLT CiIT SUESTATION E7 0.E775 421

4E0 VOLT CiIT SUBSTATION 2E 0.EE75 426

.e.w.> .a1 v.sm e - . - T m-.o r 0. u_ ,1 %, ,,,

- c 0 ,.C.1. A T , r. .,r
.. ., .

h 450 VOLT UNIT SUESTATION EE 0.9036 434

450 VOLT UNIT SUESTATION 25Y 0.9143 439

4S0 VOLT U';II SUESTATION COMMON E 0.9047 434

460 VOLT UNIT SUESTATION 2L 0.E922 42E

450 VOLT UNIT SUESTATION 4L 0.9033 434

460 VOLT MOTOR CON ~ROL CEN"'ER 2TE 0.8265 397

460 VOLT FIACTOR EUILDING CLOSED COOLING WATER PD'? 2A 0.5499 391

469 YOLT REACTOR EUILDING CLOSED COOLING WA"'ER PUMP 2C 0.6533 393

NO~E. F. U. VOLTAGES AFI EASED 05 EASE VOLTAGES SHOWN IS '.IFT-HAND COLD'N

@
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C ARO LII; A POWER /uiD LIGHT COLPA:;Y

EEUI;56ICK STEAM ELECTRIC PLAl;I, 'CI;IT IiD. 2

Ul;IT SUESTATIC!; E7 EDTOF CO!;TRDL CE!;TERS

Fh0E TO CGLE IVFED/SCES
ECS BUS REEISTA!;CE REACTA!iC E

E7 2XA 3.3854 2.47S3
E7 2XC 3.3E54 2.4783
E7 2XE 5.1654 5.2213
F7 2XG 2.017S 2.1753

,.'~~s''
E '',' t' X' L , . 3' 3 *' 's' asa

E7 IXA-2 6.7665 7.2312
E7 1XJ 7.556e 7.6693
E7 2CA 3.2SE2 3.3229
E7 2PA 5.1875 3.8025
E7 OGC C.9792 0.5347
E7 2A 7.E950 7.6345

@

.

@

CS
'
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CAROLI!iA PO;iER A!;D LIGHT CCMPA!;Y

EhUt;EliICK STEAM ELECTRIC PLANT, UI;IT !;O. 2

UNIT SUBS"l ATIO 2E KOTOR CONTROL CENTERS

FROM TO CAILE Df?IDANCES
pus EUS RESISTANCE REACTANCE

2E 2TA 3.7934 3.6235
2E 2TB 2.6432 2.6736
2E 2TC 2.6432 2.6736
2E 2TP 2.7908 2.6212

- 2E 2TJ 2.3134 2.3351
2E 2TK 1.6580 2.4066
2L 2TL 1.6403 2.6736
2E 2LTS 6.9314 t.2135
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CAROLI!;A PCk;EE A!;D LIGHT COMPA!iY

,, ,. . , m. .. ,. tLot 1 - r 4 nI t- P La, ,., . ,-

S r - n, .yr_,.,,a-,nICt,a r~ . .
.

t. . .in . .

- r e - - - --L O ..- .u &-

..r u m.s . L ad-
, , l. - . S L. , e r. n, ,. w, .,,, ,v~s. ,, x. O .,,, D f .n .,,v n-u 11 L. .. . .v i

FROM TO Ci2LE IMFEDidiCES

ECS BUS ELSI S'I A!;C E REACTA! ICE

COMMO!; D Ri;E 1.7990 1.E151
COMM0!; D F6;D 4.7613 4.8090
COMMO!; D 25A 9.1797 9.2752

_

COMMO!; D C RA!;E 14.7352 E.C469
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MO70R LIST

C CP&L BRU:SWICK STEAM ELECTRIC PLANT, UNIT NO. 2

VOLTAGE DROP STUDY

4160 VOLT EUS 23, FULL LOAD AND ACCIDENT CONDITIONS

() BRAKE RATED POWER
MOTOR HP HP FACTOR EFF MW MVAR

CI REACTOR RECIRC PUMP 2A
6520, 6520 0.S900 0.9530 5.1036 2.6148

_

II REACTOR RECIRC PUMP 2B
6520. 6520, 0.8900 0.9530 5.103B 2.6148

10.2076 5.2295II TOTAL

e.
4F

C

C

C

C

C

C

C

C

b
C13

C -m+
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C MOTOR LIST

CP&L BRUNSWICK STEAM ELECTRIC PLANT, UNIT NO. 2g
VOLTAGE DROP STUDY

C 4160 VCLT BUS 25, RECIRC PUMP 2E MDTOR STARTING CC!!DITION

ERAKE RATED POWER
g7

MOTOR HP HP FACTOR EFF MW MVAR

REACTOR RECIRC PUMP 2Ag 6520. 6520. 0.8900 0.9530 5.1036 2.6148

REACTOR RECIRC PUMP 2Bq; 2. 6520. 0.8900 0.9530 0. B.

5,1038 2.6148TOTALg;

6
C

C

C

C

C

C
.

C

C

k
CI4g;

C
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MOTOR LISTg

CP&L BRUNSWICK, STEAM ELECTRIC PLANT, UNIT NO. 2
O VOLT;GE vROP STUDY

g) BUS 2C LOADS, FULL LCAD CONDITION

BRAKE RATED POWER
MOTOP HP HP FACTOR EFF MW MVARg7

CIRCULATING MATER PUMP 2A
2060. 2250. 1.0000 0.9645 1.5933 0.

CL

CIRCULATING WATER PUtiP 2C
2060. 2250. 1.0000 0.9645 1.5933 0.C

_

CONDENSATE BOOSTER PUMP 2A
g) 1243. 1250. 0.9000 0.9460 0.9804 0.4749

CO!;DENSATE BOOSTER PUMP 2C
D. 1250. 0.9000 0.9460 6. O.g)

HE;.TER DRAIN PUMP 2B

||( 0. 1000. 0.8950 0.9260 0. B.

CONDENSATE PUMP 2B
g O. 1000. 0.8800 0.9260 2. O.

CHILLER 2B-RM-TB
g; 1650. 1650. 0.9070 0.9500 1.2957 0.6016

TOTAL 5.4628 1.0765
C

C

C

C
.

C

.C
@

C
CIS

C
. - - . -.-..-.-.(__ _
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C MOTOR LIST

_

CP&L BRUNSWICR STEAM ELECTRIC PLANT, UNIT NO. 2
C

VOLTAGE DROP STUDY

CI EUS 2C LOADS, UAT LIGHT LOAD CONDITION

BRARE RATED POWER

C MOTOR HP HP FACTOR EFF MW MVAR

CIRCULATING WATER PUMP 2A
C 2. 2250, 1.0000 0.9645 8. D.

CIRCULATING WATER PUMP 2C
C 2060. 2250. 1.0000 0.9645 1.5933 0.

CONDENSATE EOOSTER PUMP 2A
C 0. 1250. 0.9000 0.9460 0. O.

CONDENSATE BOOSTER PUMP 2C
0. 1250. 0.3000 0.9460 0. D.

HEATER DRAIN PUMP 2B
C 0. 1000. 0.8950 0.9260 0. O.

CONDENSATE PUMP 2B
(? O. 1000. 0.8800 0.9260 0. B.

CHILLER 2B-RM-TB
C 1650. 1650. 0.9070 0.9500 1.2957 0.6016

2.8890 0.6016TOTAL

C

C) ~

.

O

O

h
(? C16

C
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C MOTCR LIST

CP&L BRUNSWICE STEAM ELECTRIC PLANT, UNIT 140, 2
C

VOLTAGE DROP STUDY

(? BUS 2C LOADS, ACCIDENT (LOCA AND 2XLOCA) CONDITION

BRAKE RATED POWER

(? MOTOR HP EP FACTOR EFF MW MVAR

CIRCULATI!JG WATER PUMP 2A
,? 2060. 2250. 1.0000 0.9645 1.5933 0.(

CIhCULATING WATER PUMP 2C
~ (3 2060. 2250. 1.0000 0.9645 1.5933 0.

CONDENSATE BOOSTER PUMP 2A
(? - ~~ 1243. 1250. 0.9000 0.9460 0.9804 0.4749

CONDENSATE BOOSTER PUMP 2C
C? 0. 1250. 0.9000 0.9460 6. O.

HEATER DRAIN PUMP 2B
C 0. 1000. 0.8950 0.9260 0. B.

CONDENSATE PUMP 2B
() 0, 1000. 0.8800 0.9260 0. B.

CHILLER 2B-RM-T3
(? 0. 1650, 0.9070 0.9500 0. O.

4.1671 0.4749
TOTAL

C

C

C
.

C

C

h
C17

0
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C
M OTOR LIST

|

i C CP&L BRUNSWICK STE AM ELECTRIC PLIJ;T, UNIT NO. 2
!
'

VOLTAGE DRCP STUDY
C

BUS 2D LO ADS , PULL LOAD CONDITION

C BR AKE R ATED POWER
M OTOR HP HP F ACTOR EFF MW MV AR

( CIR CULATING W ATER PUMP 2B
2060. 2250. 1.0000 0.9645 1.5933 0.

. C CIRCULATING WATER PUMP 2D '

2060. 2250. 1.0000 0.9645 1.5933 8.

C CONDENS ATE BOOSTER PUMP 2B
1243. 1250. 0.9000 0.9460 0.9804 0.4749

( H E ATER DR AIN PUMP 2 A
855. 1000. 0.8950 0.9260 e.688S 0.3433

k HEATER DR AIN PUMP 2Cg

855. 1000. 0.8950 0.9260 0.6888 0.3433

C CONDENS ATE PUMP 2 A
705. 1000. 0.8800 0.9260 0.5680 0.3066

C CONDENS ATE PUMP 2C
705. 2000. 0.8800 0.9260 0.5680 0.3066

C CHILLER 2A-RM-TB
1650. 1650. 0.9070 0.9500 1.2957 C.6016

C TOTAL 7.9763 2.3762

C

C
.

C

C cu

C
_ - .-
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C MOTOR LIST

CP&L ERUNSWICE STEAM ELECTRIC PLANT, UNIT NO. 2
C

VOLTAGE EROP STUDY

C BUS 2D LOADS, CIRC UATER PUMP 2B START, FULL LOAD

ERAEE RATED POWER
C McTOR HP HP FACTOR EFF " MW MVAR

CIRCULATING WATER PUMP 2B
C C. 2250. 1.0000 0.9645 8. B.

~

CIRCULATING WATER PUMP 2D
C 2060. 2250. 1.0000 0.9645 1.5933 C.

CCNDENSATE EOCSTER PUMP 2B
C 1243. 1250. 0.9000 0.9460 0.9804 0.4749

HEATER DRAIN PUMP 2A
855. 1000. 0.8950 0.9260 0.6888 c.3433

f
HEATER DRAIN PUMP 2C

C 855, 1000. 0.8950 0.9260 0.6S88 0.3433

CONDENSATE PUMP 2A
C 705. 1000. 0.8800 0.9260 0.56E0 0.3066

CONEENSATE PUMP 2C
C 705. 1000. 0.8800 0.9260 0.5680 0.3066

CHILLER 2A-RM-TB
C 1650. 1650. 0.9070 0.9500 1.2957 0.6016

TOTAL 6.3830 2.3762

C

C

0

k
C19p

e
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M OTOR LIST

C CP & L BR UNSWI CE S TE Av. ELECTRIC PLANT, UNIT ND. 2

VOLT AGE DROP STUDY
C

EUS 2D LD ADS , UAT LIGHT LDAO CONDITION

C ER AIE RATED POWER
M OTOR HP HP F ACTOR EFF MW MV AR

C CIR CULATING WATER PUMP 2B
0. 2250. 1.0000 0.9645 0. B.

_

{ CIRCULATING W ATER PUMP 2D
2060. 2250. 1.0000 0.9645 1.5933 0.

C CONDENS ATE sooSTER PUMP 23
1243. 1250. 0.9000 0.9460 0.9604 0.4749

@'*
HEATER DR AI N PLT 4P 2 A

-

E55. 1000. 0.8950 0.9260 0.6888 0.3433

( H E ATER DR AIN PUM P 2C
855. 1000. 0.8950 0.9260 0.6880 0.3433

( CONDENS ATE PUMP 2A
0. 1000. 0.8800 0.9260 2. D.

C CONDENS ATE PUMP 2C
705. 1000. 0.8800 0.9260 0.5680 0.3066

C CF. ILLER 2A-RM-TS
1650. 1650. 0.9070 0.9500 1.2957 0.6016

C TOT AL 5.8150 2.0696

C; *

C

C

@
C2O

C
.
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M OTOR LIST

@ CP&L BR UNSWICK STE A'4 ELECTRIC PLANT, UN!T NO. 2

VOLT AGE DROP STUDY
6

BUS 2D LO ADS , ACCIDENT (LOC A AND 2XLOC A) CONDITION

() BR AKE R ATED POWER
M OTOR HP HP F ACTOR EFF MW MVAR

gy CIR CUL ATING W ATER P24P 2B
2060. 2250. 1.0000 0.9645 1.5933 0.

--

(D CIR CUL ATING W ATER PU4P 2D
2060. 2250. 1.0000 0.9645 1.5933 0.

C CONDE,15 ATE BCOSTER PUMP 2B
1243. 1250. 0.9000 0.9460 0.9804 S.4749

C HEATER DR AIN PUMP 2 A
855. 1000. 0.S950 0.9260 0.6888 0.3433

H E AT ER DR AIN PUMP 2C
855. 1000. 0.8950. 0.9260 0.6888 0.3433

C CONDENS ATE PG4P 2 A
705. 1000, 0.8800 0.9260 0.5680 0.3066

{ CONDENS ATE PUMP 2C
705. 1000. 0.8800 0.9260 0.5680 0.3066

C CHILLER 2 A-RM-TB
0. 1650. 0.9070 0.9500 0. B.

f, TOTAL 6.6806 1.7745

0
.

O

O

C
@
C

C21
.
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MOTCR EP HP FACTOR EFF M r. !:V AE

CCRE SPRAY PUMP 2A
, n , - n , -
c. le5c. u.9e,o,n c.9,n,oo c. o.o

EER SEPVICE k.~ATEP PCMP 2 A
- D. ECC. C.9CCC C.935C C. C.

RHP PUMP 1A
C. S o, c, . o . 9 C o, o, , n , ,,

o. 35o o. c.v

RER SEEVICE LATER PUMP 1A
C. ECC. C.900C C.9350 C. C.

|hh RER PUMP 2A
C. ECC. C.9CCC C.935C C. C.

CCNTRCL RCD DRIVE HYL. PUMP
190. 250. C.EE6C C.9270 C.1529 0.C820

NUCLEAR SERVICE PUMP 2A
275. 3C0. C.8500 C.9200 C.223C C.13E2

CONVENTIONAL SEEVICE PCMP 2A
275. 300. C.E500 C.9200 C.223C C.1352

t

TOTAL C.59E9 C.3564
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enu.- 2v r a i. . - v .v. .

c e- r . .\.On?r.- n, r r - 2
r,yn u e-~re.

, , , , . L e- L ., C o..... , I u,.,,I t; u. -nc
-. . ~ ,, -.

' v 1.
- ,-,

S, d n - ., v n . .
,

.s u 2 2.-.

- , - -~
nn t. -t r.ni t,u rus-,cn_ . , , . .

MOTOR HP HP FACTOn tFF !:n l' VAR

CORE SPEAY PUMP 2A
3 , c o- e. Co,on o.q,c,, ia . o.

, , enc. z . - o

_

S - n,v,.T C .r. << n-* . t n
-- - r .6> P z A-

. . . _
n:2 r; u rv.

C. ECC. C.9CCC C.9350 C. C.

EHE PUMP 1A
C. 800. C.9200 C.9350 C. C.

EHE SEFVICE HATER PUMP 1Ag C. 600. C.9CCC C.9350 C. C.

RER PUMP 2A
C. 800. C.9000 C.9350 C. C.

CONTEOL EOD DRIVE HYD. PUMP
C. 250. C.8860 C.9270 C. C.

NUCLEAR SEEVICE PUMP 2A
275. 300. 0.8500 0.9200 C.2230 C.1382

L CCNVENTIONAL SERVICE PUMP 2 A
275. 300. C.E5CC C.9200 0.2230 C.1362

TOTAL C.4460 0.2764-
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-e.. v. L c, , c q e;.- _ . . . 3 D. y.

C
4 .o, . , , . : e. .r ; e.m, t . _: , p- . c. -...--n.,.,.

4 . . . . - -- , . -..

- ,. . ,n. , , . . . - ., . r TwH:C. e.h * 5 n. ."

r - _ . oq r. e r v. g . . p.v n . -)q : u.. p .n .. .
~ . . .

C CC E 5FR AY FL" F 2A
p ,, , ,, , ,,-
. . e, t. L t4 L . e*s +3 L an k # 4

, , i,n,,c, A .,. s:L. o . e. b b LA000. -

~ g. , * . . - , 7y , ).D 7 . . u,- -L * h M . LN fs.r a /tC --% r.f- 4

n. U.L,. o n , , L 01. R 0
,L,c,b.n LsoluL. -

D *.70 O'5 e 1. h
*

C -s. -s a .. ,

et ., , - -r , , 14 nA L, , ,. . o . 7 L U, L L . Q- s s o, L., LLtL.

. A_....,n.
.
..,p.-s ...

n _g_ s. _r An r.. .,

2. 800. C.9C22 c.9350 C. 2.

( R E2, PU'P 2A

1200. 1000. 0.9022 2.9350 2.7979 f.3564

C .-..v.., P Gw,. 3u a-a x. . ,s :..n. ,n --- -w . ,. . a s , n v,
, -:- , ne,,o.as.c u.omoo, -- n ---, , -- ,

29o,. eso,. v.cect v.yest -

C .:n . .t.r aq _c;: a.,gr- - e pry.:. .S A- , . _ ...

275. 302. 0.E500 2.9200 0.2230 ?.1382

C C m' '. ,'',*.r '.4''. ' O '' c'm' S2_'o..".'w~r P. 7.^*. .P 2a'. .. .

275. 322. 0.E522 2.9202 0.2230 2.1382

. . ,. es L .2,* . 7. 2, c ,e wLC -n Lt4v4

C

C

C
-
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M OTOR LIST

C CP&L BRUNSWICK STE A'. ELECTRIC PLANT, UNIT NO. 2

VOLT AGE DROP STUDY
C

4160 VOLT BUS E3 LO ADS , 2XLOCA CONDITION

C BR AKE R ATED POWER
M OTOR HP HP F ACTOR EFF MW MVAR

..

C COR E S PR AY PUMP 2 A
1060. 1250. 0.9000 0.9400 0.8412 0.4074

- C R ER S ER VIC E W ATER PUMP 2A
0. 800. 0.9000 0.9350 C. O.

( RER PUMP 1 A
1000. 1000. 0.9000 0.9350 0.7979 0.3864

( RER SERVICE WATER PUMP 1 A
C. G00. 0.9000 0.9350 2. D.

ggg,

( R ER PU4P 2A
1000. 2000. 0.9000 0.9350 0.7979 0.3864

C CONTROL ROD DRIVE nYo. Pu4P
190. 250. 0.8860 0.9270 0.1529 0.0800

C NUCLEIR SERVICE PUMP 2 A
275. 300. 0.8500 0.9200 0.2230 0.1382

C CONVENTION AL S ERvICE PudP 2A
275. 300. 0.8500 0.9200 0.2230 0.1352

C TOT AL 3.0355 1.5367

C

C

C

6
C c25

C
_
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M OTOR LIST

C CP&L BRU!:SWICK STEM ELECTRIC PLANT, UNIT NO. 2

VOLT AGE DROP STUDY
C

4160 VOLT EUS E4 LO ADS, FULL LO AD CO!!DITION

C ER AKE R ATED POWER
M OTOR HP HP F ACTOR EFF MW MV AR

( COR E S PR AY PUM P 2B
0. 1250. 0.9000 0.9400 0. O.

~ C R ER S ER VICE W ATER PUSP 2B
0, 800. 0.9000 0.9350 0. O.

( R ER PUMP 1B
0. 1000. 0.9000 0.9350 0. O.

( R HR S ER VIC E W ATER PUMP 1B
B. 600. 2,9000 0.9350 B. B.gg

( RER PU4P 2B
2. 1000. 0.9000 0.9350 0. 0 .-

C CONTROL ROD DRIVE HYD. PUMP
0. 250. 0.8860 0.9270 0. 2.

C NUCLE AR S ER VIC E PUM P 2B
0. 300. 0.8500 0.9200 B. B.

C CONVENTIONAL SERVICE PUMP 2B
275. 300. 0.8500 0.9200 0.2230 0.1382

( CONVENTIO!; AL SERVICE PUMP 1 A
275. 300, 0.8500 0.9200 0.2230 0.1382

C FIR E P UMP
190. 250. 0.8890 0.9200 0 1541 0.0794

C TOT AL 0.6000 0.3557

C

@
C cu

C
_
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M OTOR LIST

g CP&L BRU! SWICK STE AM ELECTRIC PLANT, UNIT NO. 2

VOLT AGE DROP STUDY
C

4150 VOLT SUS E4 LO ADS , UAT LIGHT LOAD CONDITION

C BR AKE R ATED POWER
.10 TOR HP EP FACTOR EFF MW M V IP.'

C COR E S PR AY PUMP 2B
2. 1250. 0.9000 0.9400 2. 2.

_

C RER SERVICE WATER PUMP 2s
D. 800. 0.9000 0.9350 0. B.

C RER PUMP 13
0. 1000, 0.9000 0.9350 C. 2.

R HR S ERVICE W ATER PUM P 1B
2. 800. 0.9000 0.9350 C. O.

C RaR PmP 23
2. 1000. 0.9000 0.9350 0. c.

C CONTROL ROD DRIVE HYD. PUMP
0. 250. 0.8860 0.9270 9 2.

( NUCLEAR SERVICE PUMP 2B
0. 300. 0.8500 0.9200 2. 9.

C CONVENTION AL SERVICE PUMP 23
275. 300. 0.8500 0.9200 0.2230 0.1382

C CONVENTION AL SERVICE PUMP 1 A
275. 300. 0.E500 0.9200 0.2230 0.1382

C FIRE PUMP
2. 250. 0.8890 0.9200 8. O.

C TOTAL 2.4460 0.2764

C

$b
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M OTOR LIST

C CP&L BRUNSWICK STEAM ELECTRIC PLM;T, U!:IT NO. 2

VOLT AGE DROP STUOY

C 4160 VOLT BUS E4 LOADS, LOC A CONDITION

(p BR AKE R ATED POWER
M OTOR HP HP FACTOR EFF MW MVAR

C cOR E sPR At PUMP 23
1060. 1250. 0.9000 0.9400 0.8412 0.4074

- C R nR s ER vicE W ATER PUMP 23
C. S00. 0.9000 0.9350 2. 2.

C R ER PG4P 13
C. 10C0. 0.9000 0.9350 8. O.

C R ER S ERVIC E W ATER PIN P IB
2. 800. 0.9000 0.9350 2. O.

R ER PU".P 2B
1000. 1000. 3.9000 0.9350 0.7979 0.3864

C CONTROL RCD DRIVE HYD. PUMP
190. 250. 0.6860 0.9270 0.1529 0.0800

C NUCLE AR SERVICE PUMP 2B
275. 300. 0.8500 0.9200 0.2230 0.1382

( CONVENTIONAL SERVICE PUMP 23
275. 300. 0.8500 0.9200 0.2230 0.1382

C CONVENTIONAL SERVICE Pa<P 1 A
275. 300. 0.8500 0.9200 0.2230 0.1382

(; FIRE PUMP
190. 250. 0.8890 0.9200 0.1541 0.0794

(; TOTAL 2.6150 1.3678

C

4
O

C25

C
_ . .
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M OTOR LIST

C CP& L BRUNSWICE S"'E A'4 E LE CTR I C PL ANT , U!;IT NO. 2

VOLT AGE DROP STUDY
C

4160 VOLT EUS E4 LO ADS , 2XLOC A CONDITION

g BR AKE R ATED POWER
'' OTOR HP HP FACTOR EFF MW MVAR.

C COR E S PR AY PUM P 2B
1060. 1250. 0.9000 0.9400 0.8412 0.4074

_

C R ER S ER VIC E W ATER PL'4P 23
0. 800. 0.9000 0.9350 0. B.

( RER PG4P 1B
1000. 1000. 0.9000 0.9350 0.7979 0.3864

RHR SERVICE W ATER PU3P IB
2. 800. 0.9000 0.9350 0, 8.

.

( RER PUMP 2B
1000. 1000. 0.9000 0.9350 0.7973 0.3864

C CONTROL RCD DRIVE HYD. PUMP
190. 250. 0.8860 0.9270 0.1529 0.0800

C NUCLEAR SERVICE PUxP 2B
275. 300. 0.8500 0.9200 0.2230 0.1382

C CONVENTION AL SERVICE PU3P 2B
275. 300. 0.8500 0.9200 0.2230 0.1382

C CONVENTION AL SERV!CE Purp 1 A
275. 300. 0.8500 0.9200 0.2230 0.1382

C FIRE PU4F
190. 250. 0.8890 0.9200 0.1541 0.0794

C TOTAL 3.4129 1.7542

C

G
C29g
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CAEDLINA CDWEE A'D LIGHT COMPANY, 6RUN5*ICK STEAF E L E C i a' I C FLANT

UNITS *'05. 1 AND 2, l.5D VOLT L0tP STUDY,

Ui IT 5 J E S T A T I O '. E7, FULL LCA0 C0fCITIDN
_ _ _ _

0.E5.LOAD FACTOF : 0 E0 P C .' E P fACTDR =

McC FORSEPO.EP M e t. re FVtR
. -

___ __________ ___ __ ____

2xA 36.19 3.[290 C . 0 2 !. t 0.0153

- 2xC E5.63 0.0655 0.0552 0.0361
2xE 193.c5 0.1548 0.1315 0.0E15
2xG 503.67 0. 4 C? ? 0.34?5 0.2123
2XL 15L.42 0.1275 0.1DE4 0.0t72
11A-2 ?5.t3 3.0205 0.0174 0.010E
1xJ 61.t7 3.C653 0.0555 C.C344

_

2CA 408.70 D.3270 C.2779 0.1722
2PA 243.oS 0.19~9 0.1657 0.1C27

g- DGC 150.02 0.1207 0.1026 0.Ct36
2A 75.00 0.Ct:0 C.0510 0.037t

TOTAL 1964, 1.5711 1.3355 0.8277
__________________________________________________

Ecte:

Load MVA is given bar,ed on horsey. cer times load factor
expressed in F. U. 05 TDD M7Al ase.

x

.

w
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: t r 0 L I r4 A PC ER A te D LIGHT C0vPANY, 9 F U N 5 'd I C K STEAW ELECTRIC P L A '. T

UNITE '405. 1 IND 2, 480 JDLT LOAD STUDY

INT 50557ETION E 7, 5Cm P 2A ETAFT, Fu;L LDAL ; 0 N o ! ' I 0 :,-

0.10 POWER FACTOR = 0.ES.LDAD FACTOR =

*CC eD;SEPOWEP vvA F .. vvAR
__ __________ ___ __ ____

.n gn. r. . e e, c .. n.n.a . c r.2..39 s7r. .c -

_ 2 2' t S5.c3 0.0655 0.05t2 0.0361
2E 193.45 3.1548 0.1315 0.0815
2rG 503.t7 0.4029 0.34?5 0.2123
2AL 159.42 0.1275 0.1 DEL D.Ct72
1 ': A-2 25.c3 0.0205 0.017A :.C1:e
1FJ #1.67 J.0t53 r.0555 L.03ce

_

2tA 405.7D 0.3270 0.2779 0.1722
DCC 150.42 L.1207 C.1026 0.063o

g: 2A 75.00 3.0600 0.D5~3 0.0316

TOTAL ~720. 1.37e2 1.169E 0.7250
_.. _______________________________________________

m.

p ---w
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b
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C A Fi3 L I N A POWER A '. D L I G HT C O PP ANY , BRUNS,1CK STEAM ELECTFIC FLANT

UNIT 5 NOS. A t; D 2, ASO VOLT LOAD STUDY*

UNIT I U f ! T t T I 0 te E7, S e uiD O * fe C C t. D I T I 0 r-

_ . . .

0.tS.0.S3 POWER F A C T O F. =LOAL ~ ACTOR =

wtC woPSEPOWEP MVA FW FVrp

___ . __________ ___ __ ____

n ane

- 2xC 81.hb b.b65h b.Cb55 b.0bEc
^11- r onac2x4 14 cn a

2xE 155.50 0.1244 0.1357 0.0L55
2xG 503.50 0.4018 C.3424 C.2122
2XL 153.55 0.122S C.10A4 0.0047
1 r A- 2 C. D. D. D.
1NJ 41.50 0.C332 C . 0 2 f. ? O.0175
2CA 264.45 0.2116 0.1708 0.111e

.' 2PA 43.0D D.0344 D.02C? D.01E1
h~ DGC 94.00 0.0752 C.Dc39 0.0396

2A 75.DD 0.0000 0.0510 D.Clic'

-

TOTAL 1427. 1.1412 0.97C1 D.dC12
__________________________________________________

.

-
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m
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CAROLIht POL ED * *s D LIGHT CCFP4hY, iiE U N S .| I C K STEA" ELECieIC P L A ?. I

_ _ __U '; I T S NOS. 1 AND 2, 450 VOLT LDAP STUDY

- - - , - ..e rg r. ,. s 4a.g.,r, :<s,J . . , e , de i.v.s - - 6 s . s . . ....i -w

--

grn.w).-q g . l ,| ur-- .- - . - -
~,g.w' p g . ,n ' *- -. .wu . J <eu- "'vetr e w

WC[ H$E$EPOWEE FVA " # if A R
.

-

___ ..________ ___ .. ---

7 y. A .t . *O .) . F. , .t. *. 7 . . .1 *: E " . *- * C 1
_

* * *

.e . .a

p yr 1.v . 'I a 9 nt.a n.9711 9.n9sQ;
s a

I
.e s s e .- w -s a w w

w.1s24'I q rGTEq$ t .a, R4av.*( *, .CE
a w

* e2K; a . sw. ss <~

* 7 7 . *6 9 1 *( ~7 7 . 9915- "w,. F. g L L* *
7 y (, i. - 4 'vo

32.,! - - - ..
r. . e -. C '. : *.

a ma -
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>CC23L Ce - . w . .

a. y g. 7 0 t, . . ,"I o.FpCA ^71E- 9 . " *. 7 C-*
t .o-. ,-

-
.

c1 -
- 6

- ner-. --,, . . c.
,, -

1 x .! .o< c.t: i , ,

n . s. 7 A -;. c 15z
-

5., 5 . ,< v. u. 7
- . ,s

e CA c

ZoA 43.- D.C4'c 0.0339 0.0229

h. D C, C 217.e2 3.2174 D.1545 0.1145
- , ,s..,, , < . , - . . . L. , c , _.

- s ss . . ---- - . . ,
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A. r. ( ;. . . . , . . .

-

, r. 7 g ,, iuy. 1 I t v =. r . *- # 7m .. . .-,
_

M&WWWW9WWWOOMOWW8WWWWOM&OOMOWOWO hW W O O OW W W

."

*

*

*

.=

4

pe.

4

P.

mme.

@
_

t.- ./

-

,w m--- w-m, mew.m--- -wa.-e-e-.- --%s e-,,



._

@
. _ . _

CARDL]AA PCLER ts N D LIGHT C O M P A f= T , BRUNS !CK STEA" ELECTRIC P L A r, T

UNITS NOS. 1 AND 2, 4E0 VDLT LOAD STUDY _

UNIT S u s S T A T I O ', E7, PBCC.P 2A A r. C 2C STtsi, LOCA C o r, D I T I o r.
.-

1.CO F C .t E F FACTOR = 0.E5.LOAD FACT 0F =

MCC HDRSEPO=EP FVA M a' MVAR
--- ---------- --- -- ----

2xA 36.19 0.C302 D.03PS n.0101
2xt 36.78 0.0365 0.0313 0.0194
2xG 122.17 0.1222 0.103E C.De44

~~ ?rt ?3.97 3.0240 C.C?C; 0.01?t
lyA-2 25.63 0.025e 0.021c C.0135
1XJ 1.07 0.0017 C.0014 C. col 9
2CA 406.70 0.4057 D.3474 0.2153
2PA 43.40 D 0434 0.0369 0.0229
DGC 217.42 D.2174 0.1548 0.1145
2A 75.00 0.0750 0.063E 0.0395

TOTAL 991 3.9009 0.E423 0.5220
---------- ...------------------------------------
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C APOL IN A POWER tND LIGHT C O f* P A N T , BRUNS ICK STEAv ELECTPIC PLAtT

U.N LT $_J O E, 1 ANO 2, 4f0 V0iT L0tD STUDY

JNIT Sus 5TATION 2E, FULL LCAD CCNCITION
_

C.fD POWER FACTok = 0.E5.LDAD FACTOP =

"CC H 0 sl 5 E P D a E R YvA vi YVtR
--- ---------- --- -- ----

2 T t. 11e.41 0.0031 0.C702 0.D49'

2TE 149.75 0.119E 0.101E 0.0c31
2TC 225.67 0.1E05 0.1535 0.0951
2TF 250.60 C.2C06 0.1705 0.1056
2TJ 29?.e9 0.2340 G.1959 0.1233
2TK 362.t 0 D.2932 0.2466 0.1525
2TL 2Er.30 :.2?47 C.1710 C.115e

2ETe 75.09 0.0600 0.0510 0.0316

@ ._ T o i A L
1754 1.4029 1.1"24 P.7390v

Qggg---9------------- 9-------------O------*----*
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CAROLINA FDWEP AND LIGHT C O F.P A N Y , EEUNSWICK STEA" ELECTPIC PLANT

UNITS N05 1 AND 2, 430 VOLT LOAD STUDY

JNIT 5055TAiION 2E, SuuTDOWN C0fDITICA

0.50 POWER FACTDP : 0.55.LOAD FACTCP =

M C_C HORSEPD-ER "VA V6 FVAR
--- ---------- --- -- ----

2TA 57.03 0.04t1 0.0392 0.D243
- 2TE 69.50 D.055d 0.0473 0.0293

2TC 179.50 0.1436 0.1221 D.0756
2TF 72.00 0.0576 0.0490 0.0303

.__ 2TJ 29.50 0.0236 C.C201 0.012u
2TK 2EL.50 0.2276 C.*935 0.1194 '

2TL 274.50 0.21Gt C.13t7 0.1157
2ETB 75.00 0.0c00 0.0510 0.0316

(hl: TOTAL 1042. 0.E337 0.7066 0.4392
--------------------------------------------------
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CAFOLINA POWER A f; D LIGHT C O M P A fi Y , B R U fJS W I C K STEAM ELECTRIC P L A f; T

U tJ I T S .; 0 5 . 1 A t4 D 2, 480 VOLT LLAD STUDY

UNIT Sus 5TATION ?E, LOCA C 0 t. D I T I 0 ta
_

0.65.1.00 POWER FACTOR =L O t. D FACTCP =

. HORSEPOWER #VA MW MVAR
" _C C_ __________ ___ __ ____
_

'~ 2TA 11t.41 0.1~64 C.07F9 0.D615
- 2TB 149.75 0.1495 0.1273 0.0767

2TC 225.c7 0.2257 0.191F 0.11E9
_ ?TF 250.69 3.2507 0.2131 0.1321

2TJ 242.47 J.2925 0 . 2 '. :. 6 0.1541

2T( 362.69 J.3t27 C.3353 C.1911
- . 3 6_ ,. n.1 Sne, 3

_ _-_a27t 7 a n.. 5 ; n.p >
_ -

,

2ETe 75.00 0.075D C.De3E D.0395

TOTAL 1754 1.7536 1.4906 C.9233
6'. . ______________________________ _________________
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CAROLINA POWER AND LIGHT CoePA?y, EFUNSWICr, STEAM ELECTRIC PLANT

. - - - . _ - .JNITS NOS. 1 AND 2, 4tC VOLT LOAD STU?Y
.

-.

UNIT SUBSTATICN 2F, FJLL LOAO C C f. ; I T I O N

C.E5.0.50 POWEF FACTOF :LOAD FACTOR =

MCC HDR5EPOWER FVA M ., MVAR
___ __________ ___ __ ____

~ ~ ~ 2TD 2c e.5" O.??52 0.*744 9.*rg3

. 2TE 325.94 0.26Di D.2216 0.1374
2TG 54t.94 0.4376 C.3719 0.2305
7 +i y 2tc.pa 3 . S e .,'. .n r..p?.y( n .1 c q ,s,

-

ss- m s . ss u
_

27m >;e.7. .
v. rye;r..*v.>'< . a, c c .2r a. ... ... .

r. . n ' r A n . O c' "- c'p e. r, c. 4 7 ^- ". . r. 4 7 e .~ v w. a

2rva 7 c . n. r. r,# r n n. . m c a. r. n.nxas3-

s. . . v. . . .s . v

TOTAL 1825. 1.4627 1.2433 C.77C5
.
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CAODLINA POLEE u,D LIGHT C O F P A r, Y , BRUNSWICK STEAM ELECTRIC P L A '4 T

JNITS NOS. 1 AND ?, 4SD iDLT LOAD STUDY/

U ', I T S U9 5 T A T I ON 25, TBCC.; 25 START, FULL LOAD C D '; D I i ! ? ',

0.50 FOWER FACTOR = C.55.LDAD FACTOP =

MCC 8095EPOWER FVA i' m' MVAR
___ __________ ___ __ ____

2TD 256.51 0.2C52 0.1744 0.10E1
_ 2TE 325.74 3.2603 0.2216 0.1374

2T G 546.74 0.4376 0.3719 0.23D5
2TM 225.32 D.1E27 0.1553 0.076?
2 T r. 50 70 J.0473 0.04D6 n.f252
2FT9 75.00 3.De00 0.0510 0.031 0

TOTAL 1492. 1.1930 1.D148 0.6257
_____ ___________ ________________________________
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CAROLINA POWER AND LIGHT C 0 t' P A r4 Y , SPUNSWICK STEAF ELECTPIC PLANT

UAITS N05. 1 AND_2, 450 VOLT LO*D STUDY

UNIT SUBSTATION 2F, SHUTDOWN CCNDITION

0.55.0.50 POWER FACTOR =LOAD FACTOR =

"CC HORSEPOWER VVA MW WVAR
___ __________ ___ __ ____

2TD 90.50 0.07?4 0.0t15 D.03E1
- 2TE 29.SE 3.0239 0.0203 0.0126

2TG 344.50 0.2756 0.2343 0.1452
2TH 129.50 0.103c 0.08E1 0.0546
2 i t' 4.50 0.003c D.DJ3' O.0C19
2 T r. 67.00 0.0536 0.045e 0.02E2

- 2FT5 75.00 0.0600 0.3510 0.0316

TOTAL 741 0.59?7 0.5036 0.3122

h __________________________________________________
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c 'n . A k r ' r. # T F s' r P. .' A N ',ru . r n, e r. r t.. p t *. Y o ".. F J ". 5 .' I r r.i t *
.v.n r;_. t.*er. g e n iw w ,t . , 4 a .. .e . . . .

UNITS N05, 1 AND 2, 460 w' O L T LCAL STULY

, . , , . 3;, , ., .r c. ...,,.,r.
. ,g..,, c . . a_ rs i g- , .s .. . .... . _-

uso _ e.g3 ~u t- r e e. s -- - u . .e r .a
7,r r- - . -e --. e. g ., se sv v

MCC H O : 5 E P O .' E R t' .' A "s MVER
... ...______. ___ .. _...

77a o. c t . t e n . y c. c,; n3553 r. . a tc;
_- - . . . - .-

r,...7:73 2 ~ . v^ ' ' . 2 ' 3' ^v n.c'77,- 2 T :' ) c . .

2TG 546.04 [;.54t9 D.4o49 D.25E1
2TH 325.96 0.I3t? 0.2656 0.~773
.Ty .Sp.c.sc- .27 s n . 1. ; , r . i n e,> T -- 7 r

. v cus

r . n. .t c77, (g.76 m.r(47 e.n;r
- s . . s u .-- e

7, e . n rvJ - r7;n C . n. ., 7 c e.nr;;7. F T a J a. - ..a J as .
.

. ' 2 A. *' 4.554'# n.c'2?* *
**TA' 1.' 2 S' . i . . s - . .is .

@. ..........____..__..... _____.........__.. _....-.
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CADOLINA PO.E0 AND LIGHT C O F ? t, t. Y , B E U N 5 w ! C +" STET" ELECTEIC PLMT

'J N ! T S NDS. 1 AND 2, LEO VOL' LOAO STUDY

***q*
te .t* C . t. i g * *L ^ t. ; .&, , f - ;^ r. s" - s . * . v .i e

v-. -e. a . ww . s .
?

g
* e a t w r, e , m.yQ.m ^

u . .Q. J pe.n t r. gnw C .a. s e gew ve .eng s a s e . . ...i V w .. -

MCC H O E 5 E P 0 w' E R F .' A N. "VLP
___ __________ ___ __ ___

C 5.*7** .* .r,;7L..C4 . . F, 7 4- ,.S y a. s s s- - - . . > -

m.ne40 n.>;c) r. . ^.- 7 4 4"7- S y. e. El.1s .> s - m w s- s
. L .

* # =e . ,t 3 nJ . * 7.1 c e. . * * *i 7 n.n,sg32yf 6- s s u m

O . 7 =/ (( o. .(* .7-
* ,

"s) y y. { 9 6 . **s U* . ./. F 4. E.
^

t - _. .e- s m .

.- g 3. s w . p r. * q1 ".". . r ; . ; r. . r? ). y. 7 7 n . ',.,, 7 s. - . - -

.t.st
*

? d ' (< n. . r. ? 7 ;,, * ^*'
;

-

8 61 y c. _ 7 - s- . - . - .-- .

* ). r A *I 47 ^ . r_ # ( 7- 6 . .--< ".Ft*i/i - . - -
P. rRt*

*g ss
- -

. - 2 7 *n . (. n t*7 2 C."s"s'*. G. . ~e 144^ ^

2c: . s.

a n n.117R [i e260' 9 . *1 A717. '" U TQdw 1 ws * s v - -
*

w 1 s - <

9 ^Gh 1R1.Qc' ' . . s 7 *t C> n .1 *J T. 7 n. . C + 4 ~=*
v s . w - J

s_ - e -

..f- - pt D( r . n ,c. . e. Lfp,r *i *4 7f g I sv .m. s s s 6
o

*17 7 1 . .. =/ ", . { ) c T ".r2*C< v e ".1 1 7-
&

t - s s - . a - s -

w.r'*o. n . n 2. *. *.nDa 7c.nn 9 . ' A. a' ' ops .. w .s.

T n . e. gr.2c. 1 . 6 7. ' ' 1 . s ',73 D.P;3'7

_____________________________'_____________________
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CAROLINA POLER AND LIGHT C O M P A r. Y , EPUNSWICK STEAM ELECTRIC PLANT

UNITS NOS. 1 AhD 2, 480 VOLT LOAD STUDY

UNIT SUBSTAT10N E S, SCWF 2E STAET, FULL LD60 CONDITION

' C,ED POWER FACTOR = D.55.LOAD FACT 0F :

e t( s0cSEPOWEp vva tW vyAR

< ---------- --- -- --..
--

2xe 45.54 0.D364 0.0310 3.0172
- 2xD E1.13 3.0649 0.0552 0.0342

2XF 164.33 0.1315 0.1117 0.D693
?xH S08.50 D.4068 C.3458 0.2143
2xM 12C.77 J.04tB C.0523 0.0510
1xe-2 25.c3 0.0205 0.0174 0. r.10 5
1xK R1.$7 0. cts 3 0. C3 5 5 0.0344

2CB 39$.70 D.3175 0.2o07 0.1673
DGD 151.72 J.1215 D.~033 0.0640'

h~ E11 70.67 3.DS$5 0.04*1 3.G27E _

E12 31.64 0.0253 D.0215 0.0133

2B 75.00 0.0600 0.0510 0.0316

TOTAL 1754 1.4031 1.1927 0.7 01
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - -
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PC'ER AhD LIGHT C C F P A r; ' s EPUNSWICK STEA" ELECTPIC PLANTCAROLIN: W
>

Ufi LT S____'LG_5__. i AND ?, 45r VOLT LCtD STUDY

UNIT S U E S T A T I O r.- EE, 5-UTC3WN C o r. :' ; i 0 N

G.65.LOAD FACTOR 0.60 POWEF FACTOP =

MCC HORSEPOWEE MVA Nw vetR
___ __________ ___ __ __ .

2x9 24.50 0.0176 0.0167 0.D103
- 2xD 75.30 3.0602 0.0512 0.0317

2xF 163.00 0.1304 0.1105 0.06E7
2XM 522.50 0.4160 0.3553 C.2202
2xM 125.e5 D.1005 0.D854 0.0533
< x a. c- n. n. n. n. .. e w

1xr F1.50 0.De52 0.0554 0.0343
2P9 71 .0 0 0.0566 0.04E3 0.0299
?te 265.40 0.2123 0.1605 0.1113

$ DGO 73.o7 0.0740 0.0637 0.0395

Eli 70.67 3.05c5 0.04E1 0.027
E12 31 .64 D.0253 0.0215 0.0133
29 75.00 0.0600 0.0510 0.0316

TOTAL 1600. 1.2799 1.0879 0.6742
_______________... ______._____ ______________ .
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CARDLINA FDWER AND LIGHT COMPANY, BRU'45WIC< STEAM ELECTRIC PLANT

UNITS NOS. 1 AND 2, 430 VOLT LOI D STUDY

UNIT S UBS T AT I ON E 5, LOCA CONDITION

0.ES.1.00 PowEP FAC10R =LOAD FACTO =

MCC HDRSEPOWER VVA MW " VAR
, --- -- ------- --- -- ----

2xe 45.54 0.0455 D.33E7 0.0240
- 2x0 37.73 3.0377 0.0321 0.0199

2xF 179.33 0.1793 0.1524 0.0945
2xs 13E.50 0.13E5 0.1177 0.0730
2xM 15.47 0.0100 0.013e 0.00:e
1x9-2 ?5.c3 0.0256 0.021E '.0115
1xt 1.67 0.0017 0.0014 D.0009

. . _

2Pe 71.25 0.C713 0.G606 0.0375

2Ce 39c.90 D.3C6C 0.3374 0.2001

hhh: DGD 23E.02 0.23EC 0.2031 0.1250
E11 70.67 0.0707 0.0001 0.0372
E12 31.64 0.0316 0.0?6c 0.0167
29 75.00 0.0750 D.063E 0.0395

TOTAL 1329. 1.3288 1.1294 0.7003
--------------------------------------------------
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CLROLINA POWER AND LIGHT C O V P A fJ Y , D T. U '.' 5 W I C < STEAM ELECTEIC PLA,T

.- .-U. N .I. . T_ .S.N 0 5.. 1 A f, D 2, 480 VOLT L O A.D STUDY -

..

JNIT S J 5 5 T A T 1 0f. EE, PECC P 2 Ed STEET, L0tt C C f. D I T I 0 t.
_.

0.ES.1.00 P O .' E F fACTDF =LOAD FACTDu =

MCC 80RSEPOJER VVA M ., hLIR
--- ---_------ _-- -. ----

.. -2xs 45.54 D.Cc55 -.? . 0 317 0.024
- 2xD 37.73 0.0377 0.0321 0.C109

2xH 136.'O D.13r5 D.1177 0.0730

. . . - 2xe ~5.07 0.0160 0.0136 D.00Fi
r r r, . r, _ c3 y c_. . > 7. t . t. 2 .-) . e d s .. L . ' i .s.t - 4 $ s s

1xK 1,67 0.0017 0.001 P.0004
. . - -2..P B 71.25 D.C713 0.DoDe .0.375~'

.-

2Ca 39t.90 0.3cc7 0.3374 1.2001
DGD 233.92 3.2389 C.2031 C.1250

h: E11 70.67 0.07C7 0. D $_01 0.]3_72
ra 7 1. 1 . $ *i 1.tnta, r.q).Q 7 1 +. 7

^

i . - iw s . v tus

7. A.. 7 ' '.i n 3 . D 'o 'D '.,. n. >v .2 ;w J . n.. t L Aas s /

TOTAL 1147 1.1494 0.9770 0.6055
--------------------------------------------------
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C A E O L ! t. A P C 'W [ R A !; L LIGHI [ O fr P A t Y , EEJ'454![A STEAM ELECIE][ ? L A *. *

tp c 7 ,.,3 y,. ..i c. . :.. ..
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CAPCLIt.A F0 WEE A !. D LIGHT C O M P A f. Y , SRUNS.IC< STEAv ELECTRIC P L A r, T

UNITS PJ O S . 1 AND ?, 4FO VOLT LOAD STUDY

.nr C v '. ' .' T T ' '.; y
u<ss c g .a. c 7 A t J v e. . .c . o..*T

. . <

,
..s a

1.CC PC.ER FAC104 = C.E5.LCAD FACTOE :

. _ _ _"CC H?v5Epo.Ec vgt u, tr y z y

--- ---------. _.. -. .--_

c, v c 2: 7.c e n . 7 ; - n. r . i. s. t. s. n.ip-i
_.

- - -- .- ._. ..

_

r.i.;n1t ' .I .ATOTAL 2 2. .:i . J.27.c-J e.a v .v.

--------.----------------_-_--_-.---_-_____--_--_ .
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CAFOLINA POWER A t4 D LIGHT C O M P A f.' Y r SPUNSWICr, STEAM ELECTRIC PLANT

U N _I T S .05. 1 AND 2, ihD VOLT LOAD STUDY

U'JIT S UBS T AT I ON C O F * C '. D, FULL LOAD C O N D I T ! O *.

D1 50 PCAi' r: CiDR : 0.E5.LOAD FACTDP =

.C C HORSEF0aEF FvA MW MVAR
_ " _ _ ______________ . . . __

' , _ . PW9 267.36 0.2139 0.15"E D.1127
- RWD 209.33 3.1675 D.1e?3 C.De52

25A 77.00 D.0623 0.0530 0.D325
CRANE 65.00 0.0520 0.0442 0.0274

__

TOTAL e23. 3.4957 0.4213 0.2611
__________________________________________________
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CAROLINA POWER 2 t.' D L I C- n T COFPAr57, BPUNSWICK STEAv ELECTFIC FLANT

UNITS .05, 1 AND 2, 4FC VDLT LOAD STUDY

U f, I T S U S S T A T I O *. CCvv0N C, EACK AS- t.1 6 LF ST:RT, FULL LCAD C D '; C I T I O *.

0.55,0.ED POWEF FACTOR =LOAL FACTOR =

v. C C HDRSEPOWEE FVA F .' FVAR
___ __________ ___ __ ____

^

n. 1492 n.n :;.. 1 r. 7 5pr .x2p..n . v .. ..*v
, ".e~5a: n r . n x > e>. . r e o. 3- OSA 7 7 . '' n.v s. v . . .

F. R t. N E 65.00 0.0520 0.0442 0.0274

TOTAL 352. 3.2e16 C.2395 0.1 Ec
__________________________________________________
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C A P O L I t; rs PDgEr At p LIGnT C O M P A f,1, E P U '; 5 m I C < 51EAv ELECTRIC P L A f. T

U t. I T S NOS. t i, D ?, 4E0 VDLT Lot D STULY*

UNIT S J E E T A T I O i, C C " M C !- Os S h J T E ' W !- CONDIIION
__

0.'O PC.EF FACTOE : C.E5.LOAD F ACT CF =

VCC HORSEPOWEP ''* V 4 "A MV#E
--- -----.. -- --- -- ----

r.r<t.2 e.n:.s4 r.r27-.i
- <

cap -- r. t . e
--

s - -_--

.n. rtp n. . n.. o. r t r.crsee2., . ; n
_

.a w, . i c <s -. -..

25A 65.5D 0.0524 0.0cL5 0.0276
C o A r; E 65.00 0.05?C r.0;L? 0.0274

;p7tt ?ce. 2.?74; ".23?t C.1446
------------------ -------------------------------
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C / POL It A P O .; E R t ?, D L I G rT C0"PAM, Es R U N S .;I C K STEA* E L E C i ii1 C PLANT

UN.'TL_fC L i A '; 0 2r 45f VOL' LO A D 'iVDY

,neg C r. e. .- 7 + 2, . ..J s s
e , c. , t ., n . t g u e.. .. .w ... w. v we

--

F...D- . n.yc.L,A, r ..,. . 4 . .e ru rv, ., 7. n-. s s : - - .i r - . -.

etC 90psEcowfu eve F. *ver
___ _________ ___ .. .__.

RW3 267.3e 0.2t74 C.2272 0.14DE _

- Rat 200.33 0.2093 0.1779 0.1103
25A 77.70 D.0779 0.0062 0.0413
e n er c A c, . n d- v.n,cn n . n. c c ,t n.ettan
L w. - v v ,v ,, s

*QA f< b" 7 , 7 n. . s .? A ~/7
7 *a *, $+ #. A 79 7. . p s .<. a . w .

_____.... .____ ...___..._______ ______. . ..__.._
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C A F O L : re c F 0 s E F. AND L I C- s i t o w. c A :; y , sauNswIt( 5 ;E A , ELEt;;It F L e r; T
,

', 4;n 6'' L '. .' '. i n. t , s> * rg ,v .' i s '. u . . 1 .>*.-oc c .u . . .

z e , ., . . 7, . , ,. . . T ,. ,. c.. .

v.- , . , . . , . . , . :.,a 7,,u .- , , . -
: .o .

, .

J .. 7 < s . . . . . w.1 .: .

s - -
.

_
-,

Lntn ege,s _ c, . . p r.v . r. * e t e ,o- -r _ 3 . t.- . , - - - -
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1. INTRODUCTION

w -

This report summarizes results of a 1-year ecological base-
line survey of the site of the Union Electric Company
Callaway Plant, Units 1 and 2, Callaway County, Missouri.

* Part of the data contained in this report was used to prepare
chapters of the Union Electric Company's Environmental Report.

g The remainder is reported here for the first time. These data
D give a quantitative and qualitative overview of plant site

biotic and abiotic seasonal variation; the data have been ex-
tensively summarized for the convenience of the reader.

The report consists of two major parts, Aquatic Ecology and
Terrestrial Ecology. Each is an entity, with its own intro-
duction, arrangement, supplemental data, summary,and conclusion.
The subsections are the standard divisions found in most en-
vironmental reports, with the possible exception of the last.

$ In this subsection, Conclusion and Recommendation, an attempt
D is made to relate survey data to potential environmental impact

from plant construction and operation. Tables and figures are
g placed in the text following the three-digit subsection in which
g they are mentioned. There are appendices to both the aquatic

and terrestrial parts of this report.
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D 2. AQUATIC ECOLOGYG

2.1 INTRODUCTION''

g This report presents results of the aquatic baseline survey of
gt the proposed Callaway Nuclear Power Plant Site near Fulton,

Missouri. for Union Electric Company. The study consisted of
five sampling periods between April, 1973, and February, 1974.,

The purpose of our study was to establish the baseline character-,

istics of the aquatic ecosystems present in the study area. This
baseline information will provide the basis for validating pre-
dictions regarding environmental impact anticipated to result

i from the construction and operation of the proposed nuclear
project.

As outlined in the proposal dated 6 March 1973, the scope of
this study is the description and delineation o' the major

y components of the aquatic ecosystems within the immediate areas
g of the proposed plant. The specific conponents of each aquatic

system considered in this investigation are:

Phytoplankton
Zooplankton
Benthic Macroinvertebrates
Vascular Hydrophytes

I.F Fish,

Water Quality.

Aquatic sampling stations were established on the Missouri River
and on Logan Creek, a small tributary to the Missouri River.
Locations and descriptions of the stations are discussed in
Section 2.2.1 and are shown in Figure 2.2-1. Originally, six
locations were sampled in the Missouri and one in Logan Creek.
Following Sverdrup & Parcel's feasibility study evaluating

g alternate intake and discharge locations, five additional stations
M were established to accommodate potential alternatives. Samples

from these stations were collected during September and December,
1973, and February, 1974. To minimize total project costs,a

g however, laboratory analyses of the February samples were not
performed for four of the extra stations (F-1, F-2, C-1, and
G-2). Since only September and December samples were analyzed,
the data from these extra stations are presented in the Appendix

6 instead of the text. Information obtained from these stations
are included in the fisheries section, however, because the

g' limited numbers of fish collected from all stations would have
s made data interpretation extre:aely speculative.

The report is divided into four major subsections. Subsection
2.1 outlines the purpose and scope of the study and discusses
fornat. Subsection 2.2 describes the sampling stations and the'

E,-
'* methods and naterials utilized to analyze tBe various aquatic

..



I
parameters. Subsection 2.3 contains the results and discussion

h _. , o the sampling and a literature review, and Subsection 2.4

i

'

) presents conclusions and recom.endations. Tne Missouri River
v and Logan Creek data are treated and discussed separately. An
g ecological summary presented in Subsection 2.3.7 crovides a de-
g scription of the physical, chemical, and biologichl interrela-

tienships of the two project area aquatic systems.
li
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2.2 METHODS AND MATERIALS

2.2.1 DESCRIPTION OF SAMPLING LOCATIONS]v
Two primary areas were selected for aquatic sampling: the
Missouri River and Logan Creek, a tributary to the Missouri
River. The stations were chosen to define the baseline con-
ditions in the site vicinity; they are representative of the

y area that may be affected by the operation of the plant. The -

i locations of the aquatic sampling stations are shown by Figure
2.2.1-1.

Five stations located in the main channel of the Missouri River
(A-1, B-1, C-1, F-1, and G-1) were sampled for water quality,
benthos, and plankton. Five stations located approximately 10I meters from the north bank of the Missouri River (A-2, B-2, C-2,
F-2, and G-2) were sampled for larval fish, as well as for the
parameters lisred for the mid-channel stations. Two stationsg (A-1 and A-2) constituted a transect. Fish collection locations

E were largely determined by water level and flow rate; therefore,
individual sampling stations were not delineated. Instead, fish
were collected from each general transect area.

Transect A was located at River Mile 116. Transect 3 was located
0.4 miles east of Transect A at Mile 115.6. Transect C was
immediately downstream from the confluence of Logan Creek and
the Missouri River. It was marked by the opening between two
groins adjacent to the mouth of Logan Creek. Transect G was
approximately 0.5 miles west of Transect A on a line due north
of the first groin east of the power plant at Chamois, Missouri.
Transect F was the uppermost sampling area on the river and was

g marked by the confluence of a small, unnamed stream on the south
g side of the river, approximately 2.0 miles west of Transect G.

The substrate texture along Transects A, B, C, F, and G was
characterized as sandy at the main channel stations. The shore-
line stations along Transects A, B, and C were silty, while
Stations F-2 and G-2 were sandy, with some small gravel.

Two aquatic sampling stations were established on Logan Creek
(Figure 2. 2.1-1) . Station D-1 was mar} : by the Missouri Highway
94 bridge crcssing. Station E-1 was located 0.9 miles upstream
from the confluence of Mud Creek. The substrate of Logan Creek
varied from rubble and coarse sand at Station E-1 to fine sand
and silt at D-1. The banks along Logan Creek were well vegetated

L by willow, poplar, sycamore, and various shrubs. Near D-1, the
'

creek had a wide bed and was typically slow moving. Fallen
legs were numerous in the area and blocked the stream during

g periods of low flow. In the upper reaches, near E-1, the strear
G was typically free flowing, with many riffle areas and pools up

to 5 feet in depth during normal flow.

=LL
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u
2.2.2 WATER QUALITY

M ' ') Water quality samples were ccalected from each station duringf
k> April, July, September, and De amber, 1973, and February, 1974.
g Samples were collected 1 meter betow the surface with a Van Dorn
$ PVC water sampler and placed in po..yethylene bottles containing

a premeasured amount of preservat've, as appropriate. Preserva-
tives used were those recornended by the U.S. Environ = ental ._ ._ _.

Protection Agency (1971). Sample s for fecal and total coliform
analyses were collected in sterilized glass bottles. Following
collection, all samples were packed in ice for immediate trans-
port to the laboratory. Field determinations were made for
dissolved oxygen (YSI Model 54), conductivity (YSI Model 33),
temperature (YSI Model 54) , turbiLity (Hach Model 2100A), and
pH (Fisher Acumet).

At the laboratory, gas chromatography was used for pesticide
analyses. Analytical techniques for all other physical andI chemical parameters were taken from Standard Methods (A.P.H.A.,
1971). Coliform bacteria were enumerated by the membrane filter
technique.

2.2.3 PHYTOPLANKTON

g Phytoplankton samples were collected at all river and creek sta-
E tions during September and December, 1973, and February, 1974.

All stations were sampled during July, 1973, except for river
Stations F-1, F-2, G-1, and G-2. Duplicate quantitative plankton~

; samples were collected from all river stations with a Clarke-'

P Bumpus plankton sampler with a No. 20 mesh nylon net (aperture
size 76 u). Subsurface tows (<0.25 meters deep) were made for

is(3 30 seconds against the direction _t streamflow at each station.

X'l parallel to the shoreline. Meter readings for calculating sample
volumes were taken before and after each tow. Duplicate quantita-

g tive samples were obtained at Logan Creek stations by passing 40
$ liters of water through a Wisconsin plankton net (No. 20 mesh

nylon). Sample concentrates from all stations were preserved in
a 3-percent buffered formalin solution for tre, sport to the labora-
g tcry.

In the laboratory, phytoplankters were identified to the lowest

I possible taxon from wet mount slide preparations viewed at
1000X. Taxonomic source authorities for phytoplankton identifi--
cations were Palmer (1962), Prescott (1962, 1970), Smith (1950),

g Whitford and Schumacher (1969), and U.S. Department of the
B Interior (1966). Algal enumerations made from Sedgwick-Rafter

preparations were scanned at 200X with a Whipple grid. Counts
were extrapolated to organisms per liter.

Chlorophyll a, b, and c measurements were made by filtering
whole water samples thFough membrane filters (0.45 u porosity)
and extracting the pigments in MgCO-

3 saturated 90-percent
_' aqueous acetone solution in the dark at 4 C. Determinations.

were made colorimetrically following procedures outlined in
Standard Methods (A.P.H.A., 1971).

=.



2.2.4 ZOOPLANKTON

Zooplankton composition and densities were c.atermined for July,
*! September, and December, 1973, and February, 1974. Populations

estimates for Missouri River stations were made from samples
collected with a Clarke-Bu pus plankton sampler, as described in
Section 2.2.3. Similarly, population estimates for Logan Creek
stations were made from samples concentrated through a Wisconsin
plankton net, as previously described.

In the Jaboratory, a 1-cl subsample from each sample was pipetted
into a Sedgwick-Rafter counting chamber for analysis at 200X.
Zooplankters were identified to the lowest possible taxon, follow-
ing Ahlstrom (1940, 1943), Edmondson (1959), Pennak (1953), and
Brooks (1957). Counts were extrapolated to organisms per liter.

2.2.5 VASCULAR HYDROPHYTES

I: Qualitative sampling of rooted aquatic vegetation included visual
observations and identification to genus of all hydrophytes
encountered in the field. Taxonomic sources consulted were
Fassett (1972) and Prescott (1969).
2.2.6 BENTHIC MACROINVERTEBRATES

v Triplicate grab samples were taken at each Missouri River station
with a 520-cm2 Ponar bottom sampler. Samples were screened in
the field with a U.S. No. 30 standard sieve (0.59 mm). All

]"ek material not passing through the sieve was washed into plastic
bags and preserved in 10-percent buffered formalin solution con-
taining a small amount of rose bengal to stain the biota.

In the laboratory, each sample was washed in a No. 30 sieve and
placed in a white tray for sorting invertebrates from detritus.
Worm and midge larvae were permanently mounted on glass slides
for identification and enumeration. Other macroinvertebrates
were preserved in 90-percent ethyl alcohol after analysis. Wet-
weight biomass was determined for all species except chironomids
and oligochaetes, which were weighed in their respective groups.
Each species or group was blotted dry and immediately weighed to
the nearest 0.1 mg in a tared dish. All samples were retained
as legal voucher specimens. The following taxonomic referencesI were used: Beck (1968), Brinkhurst (1964, 1965), Brown (1972),
Burks (1953), Curry (1958), Eddy and Hodson (1961), Edmondson
(1959), Hamilton, Saether and Oliver (1969), Hilsenhoff and Narf
(1968), Hiltunen (1973), Holtinger (1972), Kennedy (1969),
Mason (1973), Roback (1957), Ross (1944), Usinger and Day (1968),
and Williams (1972).

Field and laboratory techniques for the Logan Creek macrobenthos
were identical to those described for the Missouri River benthos,
with the exception of the type of bottom sampler used. A stan-
dard 230-cm2 Ekman dredge was employed at Stations D-1 and E-1

_Q for benthos samples.

-6



i
Species diversity was calculated according to the Shannon-wiener
Diversity Index. The general form for this index is:

T
'~ sms! D= - Ip. log; p. ; where p. is a decimal fraction1 1 1

of total individuals belonging
*w

to the i"" species.

This function describes the average degree of uncertainty of pre-
'

dicting the species of a given individual picked at random from
a community. A high species diversity index is indicative of a

g quality environment while a low index indicates eutrophic or
g polluted conditions.

The following guide for interpreting species diversity indices was
adopted from Wilhm and Dorris (1968):

1 = grossly polluted

I 2 = moderately polluted
3 = unpolluted

2.2.7 FISH

The fish community of the Missouri River was sampled in July,
September, and December, 1973, by netting and electroshocking.
Because the placement of nets and locations of shocking areas
were largely determined by the water level and flow rate of the

. Missouri River, individual sampling stations were not established
for fisheries studies. General transect areas were sampled
instead. High water levels prevented sampling fish in the Missouri
River during February, 1974.

I _

Experimental cil.l nets, utilized along all transects, were rigged~ - - - -

for bottom sets and checked every 12 hours for a maximum of 45 -

hours. These nets were 80 feet long and 6 feet deep with 10-foot
long panels of graduated mesh sizes ranging fror 0.5 to 40 inches.
In September, standard wingless fyke nets (with 0.5-inch mesh and
3 x 6-foot openings) were utilized along some transects in con-
junction with the gill nets. -'

The electroshocker was a Solid State Electro-Fisher manufactured

I'
by Power Control Corporation in Pittsburgh, Pennsylvania. The
electrical specifications were as follows:

E

t_
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Input Power
. .. s) 240 volts AC, 50 cycle, single phase
D Output Voltage
$ Adjustable 0 to 350 volts, DC, or 0
5 to 280 volts, AC

Pulse Frequency and Shape
g Adjustable 18 CPS to 205 CPS
gj Rectangular Shape

Output Power
3 KW maximum

Pulse Width (Duty Cycle)
' Adjustable 0 to 50 percent

Current Types

@ Selective for DC pulsing, DC direct,
B or AC 60 Cycle

Step-up Transformer
3-7 amps

The shocker was a portable unit, constructed of alumina, and
had an all solid state design. It was mounted on a 16-foot
flat-bottomed boat powered by a 20-hp outboard motor.

In the field, captured fish were weighed to the nearest gram and

[ measured to the nearest mm (total length: measured from tip of
E snout to end of compressed caudal fin). Scale samples were taken

from all fish for age and growth studies. Stomachs were dissected
- from a representative sample of shocked fish for food habit

- analyses and preserved in 10 percent formalin. Specimens compri-
sing the subsamples represented an age gradient of the most
abundant species collected. In the laboratory, stomachs were open-
ed and the contents washed into a dish for sorting and identifi-
cation to the lowest taxon possible, following Edmondson (1959),
Pennak (1953), and Usinger and Day (1968). Taxonomic references

$ consulted for fish identification included Eddy (1969), Hubbs and
B Lagler (1967), Cross (1967), and Pflieger (1971).

g Condition factor (K7L) was computed for gizzard shad collected
g during the September and December Missouri River samplings.

Condition factor describes the relative plumpness or well-being
of a fish and is defined as:

K,3 = W x 10 5
^ L3

where:
condition factorK =

g

weight (grams)W =

total length (mm).L =

Larval fish were sampled at all Missouri River stations during
July, September, and December, 1973. A conical larval fish net,
with a 2-foot diameter hoop and an 1/32-inch mesh size, was used.

_S.



The net was equipped with an interoccan flow noter; this allcws
'~ \ the quantity cf water passing through the net to be measured.
v Duplicate 1-minute tows were made against the current at all

river stations.

The fish co= unity of Logan Creek was sampled in July, September,
and December, 1973, and February, 1974. A battery-poweredf back-pack electroshocker delivering pulsed AC current was used
during all sampling periods. A 50-foot minnow seine was also
utilir.I ,laring the July and September surveys. Field and lab-
oratory techniques were similar to those described for Missouri
River fish. Scale samples did not include the cyprini?s.

3 No attempt was made to sample larval fish in Logan Creek: rather,
h observations of newly hatched fish were made at several loca-

tions along the stream bank.

2.2.8 STATISTICAL METHODS

2.2.8.1 Wilcoxan's Test

A statistical analysis of the water quality data was conducted
utilizing Wilcoxan's test. Wilcoxan's test is utilized to evalu-

I4
ate two independent samples on the basis of the null hypothesis
(Conover, 1971, Hollander and Wolfe, 1973, and Siegel, 1956). The
null hypothesis is employed in instances where it is inportant

^ to ascertain whether or not two independent samrles are identical.-

Wilcoxan's test is used to rank the ' independent ^ samples from
smallest to largest, regardless cf the population from which the
samples originated. Statistical evaluation is then used to sum

I the assigned ranks for both samples. If the surmation reveals no
difference in the rank su=s between the two independent samples,
the null hypothesis (identical nature of the two independent

g samples) is proven. However, if there is a difference in the
B ranked sums, the null hypothesis rust be rejected and the inde-

pendent samples are proven to be significantly distinct. The
statistical procedures follow:

1. If T is between W a/ and W a/ accept H
2 1 2 :

-

2. Reject H at the level of significance a, if T exceeds

W,- a/ or if T is less than W a/ (after Conover, 1971)
2 2.

H, Null hypothesis=

Individual rank sumW =

T Total rank sum=

3 Level of significance=

, S, Statistically, Wilcoxan's test is a very powerful test, havinc. a
J power efficiency of 3/3 = 95.5 percent as the population increases

E
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5
(Mood, 1954). The power efficiency remains close to 95 percent

"g for moderate sample sizes (Conover , 1971).
G 4

' '

2.2.8.1.1 Application to Water Qt.ality Datav

The water quality data was taken during five seasonal sampling
periods from 6 distinct sampling transects, for 28 distinct
chemical parameters. To test the null hypothesis applied to

% these samples, it was necessary to analyze the seasonal differ-
a ences in the data. This was accomplished by comparing all

samples for each individual water quality parameter taken during
g each sampling period with all samples taken during each other
U sampling period and comparing these data monthly by employing the

following groups:

April - July July - September September - December
April - September July - December September - February
April - December July - February December - February
April - February

The analysis was continued for the water qua]ity parameters in-
g cluding: pH, turbidity, dissolved oxygen, chemical oxygen demand,
O total suspended solids, total dissolved solids, temperature, and

conductivity. Two levels of significance were utilized: p=.005
g indicated significant differences in the two sets of data com-
g pared and p=.025 indicated that the difference was insignificant.

Using this method, 90 data set comparisons were conducted.
m

'
Wilcoxan's test was also used to test the null hypothesis for
sample station variance. Data collected for each of 6 distinct
sampling locaticas were analyzed for each water quality parameter
previously mentioned. Specifically, the comparisons which were
made included:

A A A B B B 3 C C Cy 2 2 y y 2 2 y y 2
: A B A 3 3 C B Cy y 2 2 1 y 2 2

A B A C B Cl 2 2 y y 2
A C A C
l y 2 2

A C
l 2

This analysis involved 135 separate subsets of the data base.
The levels of significance used were p=.025 (insignificant

@ difference). The power efficiency of Wilcoxan's test remains
13 close to 95 percent for this analysis (Conover, 1971).

2.2.8.1.2 Application to Plankton Data

Phytoplankton and cooplankton populations were sampled at six
Missouri River stations during July, September, and December,i

E 1973, and February, 1974. Seasonal differences in the data were'

, statistically analyzed to test the null hypothesis. Wilcoxan's
i

3 -10-



i
two-sample test was used to test for differences betwecn sam-

.f pling dates in frequency of green algae, blue-green algae, dia-

V) tems, and total phytoplankton per liter and in frequency of
rotifers, cepepods, and total zooplankten per liter. Comparisons
were made between the following sets of data:

July and September
July and December-

:- July and February
September and December
September and February
December and February

Significant differences in two sets of data compared were indi-
g cated by p 10.025, while p > 0.025 indicated dif ferences were
B not significant.

2.2.8.2 Kruskal-Wallis Test

The Kruskal-Wallis one-way analysis of variance by ranks (Siegel,
1956) was employed to determine the overall station and seasonal
variance in water quality data. The Kruskal-Wallis test is an
analysis of variance which is employed in determining the rank-
ing of the data from the lowest to the highest data point. This

@ test ascertains whether the sums of the assigned ranks are suf-
U ficiently distinct to have come from samples drawn from separate

populations. The Kruskal-Wallis test employs the null hypoth-
esis as outlined 2n Wilcoxan's test movered previously.

The probability limits were extended and are listed along with
the degrees of freedom (df) for the individual analysis. The
null hypothesis was 'Itilized to indicate whether there was a
significant or insignificant variance eithin the subset of data
analyzed. Nine different water quality parameters were tested

Q using the Kruskal-Wallis analysis of variance. The power effi-
Es ciency of this test approaches 95 percent for moderate popula-

tion sizes; therefore, it is one of the mo.3t powerful of the
nonparametric tests (Siegel, 1956).

B

B

B-
-
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2. 3 RESULTS AND DISCUSSION

2 . i .1 WATER QUALITY
g ,

2.3.1.1 Missouri River

Missouri River discharge data were obtained f rn. the U.S.G.S. at
Hermann, Missouri, approximately 20 river miles (R.M.) downstream
from the project area. The following discharges were recorded on
er;h sampling date: 18 April 1973 - 280,000 cfs; 12 July 1973 -
67,000 cfs; 7 September 197 3 - 58,500 cfs; 18 December 1973 -

g 86,300 cfs; and 22 February 10~4 - 136,000 cfs. The discharge in
3 this section of the Missocri River is partly regulated by numerous

upstream reservoirs. The 75 ear average discharge at Hermann is

5 ! 78,370 efs. The maximua discharge of 676,000 cfs occurred in
b 1903, ac' the minimum of about 4,200 cfs was recorded in 1940

before flow control was initiated by the Corpe of Engineers
(U.S. Geological Survey, 1972).

The physical characteristics of the Missouri River near the
project vicinity have been drastically altered by chan7elization
(Figure 2.3.1-1). The T'e deral River and Harbo: Act of March 2,
1945, authorized the Rive r and Harbor Project to improve the
Missouri River's navigation and channel stabilization from Sioux

3 City, Iowa, to its mouth. The project provides for develcpment
J of one mixed navigable channel, 300 feet wide and 9 feet deep,

from the numerous, small, shallow channels of tle natural river.
The refinement and control of Uis channel were obtained by

f) shaping the flow into smoath, easy bends through a system of
stone and/or wood pile clump dikes (Unfversity of Missouri-Rolla,
1972).

Rapid changes in its crosional and depositional properties may
vary the river's morphological characteri.stics. Substrate texture

@ in particular areas ray a2so be changed by alternating erosional
U and depositional affects. Cenerally, the texture of the main

channel sediments r, ear the site area varies from gravel to sand.
7 Shorelines, where currents are much reduced, usually have a
j silt-clay (mud) bottom. Shifting sand bars are quite common to

the area.

Depth profiles of .i.ampling transects are shown by Figure 2.3.1-1.
Soundings were taken by the Crops of Engineers during October 17
and 18, 1972, when the gage eading at Hermann was 9.2,* lith a

} discharge of 62,000 cubic feet per second (cfs) (U.S. Dept. of
the Army, Corps of Engineers, 1972a). At this river stage, theo

maximum river channel depth is approximately 30 feet.
t

i Water quality data from Transects A, B,and C for five sampling
periods are presented in Table 2.3.1-1. These recent data from
near the site generally correspond to historical records from
Heruann (Table 2.3.1-2).r

r

The April, 1973, water quality data significantly exceed the re-*
i

7 corded maximum historical values for ehemical oxygen demand (COD) ,
curbidity, total dissolved solids (TDS),and total iron. These

- 12-



,
data were collected and analyzed d" ring a ne:tr-record flood, when

(; s runoff was extremely high, which would account for their unusually

"J high values. Normally, TDS values would be expected to decrease
during flood conditions. But whenever, as dur'ing the April survey,
the discharga suddenly increases, the fn ct water is usually more
highly mineralized than the dilute runoff water. Also, inc'reased''

concentrations of TDS occur when this first rater picks up salt
left by evaporation in the channel (Hem, 1959). .

The pH values did fall below the state water cuality ,tandard of
' '

6.5 (Missouri Clean Water Commission, 1973) at Static- A-1 durinc
April, 1973. All stations exhibited low pH readings durfng this ~
time. These low pH values were probably the result of acid mine
runoff above the site area. Extended periods of low pH could be
detrimental to aquatic biota.

The only other parameter found to exceed the state water quality
standards was fecal coliform bacteria. The standard of 2,000/100

- ml (Missouri Clean Water Co.nmission, 1973) was exceeded at Sta-
tions A-1, E-1, B-2, and C-1 during the April survey, all six

g stations during the July collections, Station C-2 during the
g September survey,and all six stations during the Decerter surve;.

Fecal coliform bacteria are indicators of relatively recent fecaz
pollution.

Of all the heavy metals analyzed (historically and during the
present survey), only copper and cadmium were found in concentra--

tions that may be toxic to aquatic organisms The usual range
T# for copper toxicity is from several hundred to a thousand parts-

per-billion (ppb); toxic effects have, however, been noted as low
g as 20 ppb and cat ium has been found to be toxic at 10 ppb
E (Battelle's Colur us Laboratories, 1971). The effect on the

Missouri River biota depends on the duration of recorded high
concentrations, as well as the presence of other stresses (toxic
metals, temperature, dissolved oxygen, etc.).

Presumptive pesticide tests for total chlorinated hydrocarbons

~

were run on the April water samples. Chlorirated pesticir es were
present, but only in low concentrations (19-31 ag/1). Analysis
for specific pesticides were conducted on the July, September,
and December samples, and all concentrations were below detectable

q$ limits. Acute biocide toxicity to acuatic organisms, therefore,
does not ap,aar to be a problem; chronic effects cannot presently
be ruled out, however.

7y
Nutrients such as phosphorus and nitrogen appear to be in suffi-*

cient concentrations to support dense populations of algae (see
Section 2.3.2). The heavy silt load and associated reduced river

- system transparency appear to be a major factor liriting phyto-
plankton populations.

'
Discharge appears to be the major influence on Missouri River water

. quality. Turbidity and suspended solids were directly related to'

'j river discharce, while total dissolved solids and conductivity
were inversely related (Figure 2.3.1-2). An exception to this

-13-
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' !Mgs relationship was noted during July, when laboratory analyses indi-

'

;'

cated that suspenued solids increased and TDS decreased as dis- y'
,

charge decreased. A comparison of these data with related ;
turbidity and conductivity data indicated the laboratory analyses j
to be off by a factor of 2 (low for TDS and high for suspended
solids). Therefore, these new projected values were utilized for
comparative purposes.

From these discharge-related data, general water quality trero s
g can be predicted. Soluble chemicals will normally vary inversely
g with the flow, while suspended materials will usually vary directly.

Fluctuations in this trend depend on municipal and industrial
effluent discharges, as well as the precipitation in the particu-
lar area from which runoff occurs. These conditions also determine
the existing concentration of tne c.emical constituent at any

'

particular point in time.

Dissolved oxygen and temperature are two related water quality
pararueters af fecting aquatic organisms. Dissolved oxygen con-

g centration was inversely proportional to temperature (Figure
g 2.3.1-3) but was also affected by biological activity and oxygen

demanding materials. Compared to oxygen demanding materials and
biota, percentage oxygen saturation (Figure 2. 3.1- 3) indicate
low primary production. The figure shows an inverse relationship
between oxygen saturation and chemical oxygen demand; lowest
oxygen saturation occurred during April, when flooded conditions
caused the highest oxygen demand.

Statistical analyses of major water quality parameters .eere con- _

ducted to /,etermine seasonal or inter-station variations. As
antici.'+od, the Kruskal-Wallis one-way analysis of variancei

indicact significant seasonal differences but not significant
inter-scation differences (Table 2. 3.1- 3) .

I Water quality values were then compared by Wilcoxan's two sample
test to determine differences between specific stations (Table
2.3.1-4). The majority of the water quality parameters did not
vary significantly at the .025 level; the following differencec.
however, were noted at the .005 1. vel:

a) Total suspended solids from Station C-1 were
significantly different from those at Stations
A-1 and B-1.

b) Chemical Oxygen Demand values at C-2 differed
from A-1.

1

- c) Dissolved oxygen at C-2 differed from A-1.

g d) Conductivity values at B-2 were dif ferent from

Q- values at C-1 and C-2.
. , .

)*

It should be noted that all differences involved either Stations-

C-1 or C-2. These differences could be real, and water quality
values at Transect C could be influenced somewhat by Logan Creek,

-14-
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g or they may be ne result of high variability and small sample
g size.

v
Tht direct and indirect activities of man have modified thee
Micsouri River water quality. Strip-mining, poor soil conservationg practices,and dredging contribute to excessive turbidities. Acid
mine drainage lowers the river's pH and increases trace metal con-
centrations, while agricultural runoff and municipal and industrial

o ef fluents increase the concer.tration of oxygen-demanding materials ,
nutrients and other dissolved chemical;, including heavy metals

g and pesticides. Accidental spills of hazardous materials from
H pipeline breaks, truck accidents,and railway wrecks have been

occurring with increased frequency within the Missouri River drain-
.

age system. Thus, numerous human activities have resulted in a
i highly stressed aquatic ecosystem. A more complete treatment of

pre-existing environmental stresses can be found in Section 2.7 of
the Environmental Report.

2.3.1.2 Locan Creek

g Logan Creek is a small, perennial tributary stream of the Missouri
[1 River (see Figure 2.2.1-1). The upper portion drains most of the

site area and flows in a southerly direction until it reaches the

g flood plain. From its confluence with Mud Creek, it proceeds
eastward until it empties into the Missouri River at River Mile
115.2.

' No gaging station is located on Logan Creek and, therefore, dis-
~

charges have not been recorded. Flows are generally very low to
non-existent, except for periods of local precipitation.

The banks along Logan Creek are well vegetated with willow, poplar,
sycamore,and various shrubs. Fallen logs are numerous and serve
to block the stream during periods of low flow.

The upper section has a normal width of approximately 18 feet,
while the depth varies from 1-5 feet in pools. The bottom sub-
strate consists of rocks and gravel. The lower portion is about

-' 35 feet wide, with an average depth of 3-4 feet; however, Aepths
of 20-25 feet were observed during the April survey. The bottom
cons:..ts of fine mud and organic debris.

Historical water quality data for Logan Creek are lacking. Data

from the present 3mrvey (Table 2.3.1-5; indicate that the general
i4 water quality is higher than that of the Missouri River; during

local precipitation, however, various concentrations approach or
exceed those of the Missouri.

Chemical concentrations in Logan Creek can be expected to follow
the same general trends established for the Missouri River. They
would be influenced to a much greater extent, however, during

}$_ local precipitation. Chemical concentrations were less in the
i upper reaches of the creek (E-1) than in the lower section (D-1).,

'

The lower section is subjected to rare runoff, which increasesv
chemical concentrations. Caliform bacteria counts, hcwever, are
greater in the upper section, reflecting man's influence.

-15-
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TABLE 2. 3.1-1 (Continued)

Sample Transect A Transect B Transect C
Parameter Date A-1 A-2 B-1 B-2 C-1 C-2 Average

Nitrate April '73 3.0 4.5 4.3 3.3 2.5 3.8 3.6
mg/l N July '73 2.9 3.0 2.5 3.2 2.5 2.2 2.7

Sept. '73 0.3 0.4 0.6 0.7 0.4 0.4 0.5
Dec. '73 1.3 1.3 1.3 1.2 1.3 1.3 1.3
Feb. '74 1.5 1.9 1.3 1.7 1.4 2.0 1.6

Organic Nitrogen April '73 - - - - - - -

mg/l July '73 3.6 3.2 3.2 3.9 2.5 1.4 3.0
Sept. '73 0.7 0.7 0.6 0.6 0.6 0.6 0.6
Dec. '71 0.9 0.9 1.0 1.1 0.9 0.8 0.9
Feb. '74 1.2 1.4 1.3 1.4 1.3 1.8 1.4

Total Organic Carbon April '73 44 62 39 44 48 113 58
mg/l July '73 - - - - - - -

Sept. '73 - - - - - - -

Dec. '73 - - - - - - -

Feb. '74 - - - - - - -

Orthophosphate April '73 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
mg/l P July '73 0.01 0.06 0.01 0.01 0.01 0.01 <0.02

Sept. '73 0.19 0.19 0.18 0.16 0.13 0.16 0.17
Dec. '73 0.18 0.18 0.16 0.17 0.17 0.14 0.17
Feb. '74 0.11 0.13 0.09 0.13 0.07 0.12 0.11

Total Phosphorus April '73 0.53 0.57 0.56 0.57 0.41 0.50 0.52
mg/l P July '73 0.69 0.66 0.66 0.69 0.65 0.33 0.61

Sept. '73 0.24 0.22 0.21 0.19 0.17 0.18 0.20
Dec. '73 0.27 0.28 0.26 0.25 0.25 0.21 0.25
Feb. '74 0.19 0.23 0.15 0.23 0.15 0.23 0.20

i
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, TABLE 2.3.1-2

') HISTORICAL DATA ON MISSOURI RIVER WATER QU tLITY
(From EPA STORET System)

Sampling Site: Hermann, Missouri
Longitude: 38-42-36 N
Latitude: 91-26-21 W

Time of Record: 7/31/69 to 4/18/72
(Based on flow
data)

Number
of Mean Maximum Minimum

Parameter Samples Value Value Value

Water Temperature, C 18 12.9 27 0

Dissolved Oxygen, mg/l 18 8.9 13 5.6

Turbidity, JTU 11 132 380 19
Flow, cfs. entire 18 80,500 230,000 19,000

"

pH, units 18 7.9 8.3 7.7

Dissolved Solids, mg/l 18 375 499 253
Specific Conductance,
micromhos/cm 18 577 770 359
Total Hardness,
mg/l as CACO 3 18 213 260 140
Calcium, mg/l 11 56 70 38
Magnesium, mg/l 11 17 21 11
Alkalinity, ag/l as CACO

3 18 157 197 112
Ammonia Nitrogen, mg/l 18 0.06 0.49 0

Organic Nitrogen, mg/l 10 0.71 1.20 0.44

Total Phosphorous, mg/l 18 0.39 1.70 0.03

Chemical Oxygen Demand, mg/l 8 12.3 28 5.6
'

Sulfate, mg/l 18 120 186 56
Chloride, mg/l 12 16 25 8

J Iron, pg/l 11 182 900 0

Cadmium, pg/l 11 1 5 0

Chromium, g/l 11 3.2 16 0

Copper, ag/l 11 38.5 180 0

$ Lead, pg/l 10 7.3 15 0J
p Manganese, pg/l 15 31 221 0

Mercury, ug/l 1 0.5 0.5 0.5

Zinc, ug/l 11 67.4 210 14

i
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TAl'LE 2.3.1-4

WILCOXAN'S TWO SAMPLE TEST RESULTS FOR
DIFFERENCES BETWEEN STATIONS IN

WATER QUALITY PARAMETERS"

Chemical Total Total
Stations Dissolved Oxygen Suspended Dissolved
Compared gt Turbidity Temperature Conductivity Oxygen Demand Solids Solids

Al, A2 p=.025 p=.025 p=.025 p=.025 p=.025 p=.025 p=.025 p=.025
A1, B1 p=.025 p=.025 p=.025 p=.025 p=.025 p=.025 p=.025 p=.025
Al, B2 p=.025 p=.025 p=.025 p=.025 p=.025 p=.025 p=.025 p=.025
A1, Cl p=.025 p=.025 p=.025 p=.025 p=.025 p=.025 p=.005 p=.025
Al, C2 p=.025 p=.025 p=.025 p=.025 p=.005 p=.005 p=.025 p=.025
A2, B1 p=.025 p=.025 p=.025 p=.025 p=.025 p=.025 p=.025 p=.025
A2, B2 p=.025 p=.025 p=.025 p=.025 p=.025 p=.025 p=.025 , p=.025
A2, Cl p=.025 p=.025 p=.025 p=.025 p=.025 p=.025 p=.025 p=.025
A2, C2 p=.025 p=.025 p=.025 p=.025 p=.025 p=.025 p=.025 p=.025
B 1, B2 p=.025 p=.025 p=.025 p=.025 p=.025 p=.025 p=.025 p=.025
B1, Cl p=.025 p=.025 p=.025 p=.025 p=.025 p=.025 p=.005 p = . 'J 2 5

B1, C2 p=.025 p=.025 p=.025 p=.025 p=.025 p=.025 p=.025 p=.025
B2, C1 p=.025 p=.025 p=.025 p=.005 p=.025 p=.025 p=.025 p=.025
B2, C2 p=.025 p=.025 p=.025 p=.005 p=.025 p=.005 p=.025 p=.(25
Cl, C2 p=.025 p=.025 p=.025 p=.025 p=.025 p=.025 p=.025 p=.J25

"p=.005 is significant
p=.025 is nonsignificant
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TABLE 2.3.1-5

LOGAN CREEK WATER QUALITY DATA

Sample Station Station Missouri River
Parameter Date _P- 1 E-1 Average

Temperature April '73 12.5 - 12.0
C July '73 27.2 23.5 29.1

Sept. '73 21.5 21.0 24.7
Dec. '73 2.0 0.9 2.9
Feb. '74 5.0 5.5 4.0

pII April '73 6.3 - 6.6
Standard Units July '73 8.6 7.0 8.3

Sept. '73 7.7 8.1 8.0
Dec. '73 7.4 7.8 7.9
Feb. '74 7.2 7.3 7.4

Conductivity April '73 296 272-

timhos/cm July '73 750 264 546
Sept. '73 600 430 671
Dec. '73 425 295 467
Feb. '74 225 220 321

Turbiditv April '73 220 - 571
FTU July '73 70 90 194

Sept. '73 23 3 19
Dec. '73 10 7 41
Feb. '74 5 3 121

Chloride April '73 17 - 19
mg/l July '73 7 2 22

Sept. '73 5 3 25
Dec. '73 5 5 27
Feb. '74 3 2 20
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TABLE 2.3.1-5 (Continued)

Sample Station Station Missouri River

Parameter Date D-1 E-1 Average

Dissolved oxygen April '73 9.4 - 7.6

mg/l July '73 5.6 5.8 6.1

Sept. '73 3.4 6.4 7.4

Dec. '73 9.8 10.2 12.8

Feb. '74 11.8 12.3 11.8

96Chemical Oxygen Demand April '73 127 -

mg/l July '73 22 4 52
Sept. '73 20 8 14
Dec. '73 8 5 18
Feb. '74 32 23 24

Total Suspended Solids April '73 384 - 631
mg/l July '73 76 1 '13

Sept. '73 118 18 100
Dec. '73 18 5 120
Feb. '74 98 34 179

Total Dissolved Solids April '73 117 - 508
mg/l July '73 364 210 274

Sept. '73 476 320 511
Dec. '73 394 496 498
Feb. '74 270 318 462

Total Solids April '73 501 - 1139
mg/l July '73 440 211 100~

Sept. '73 594 338 6'.

Dec. '73 412 501 618
Feb. '74 368 352 641
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TABLE 2.3.1-5 (Continued)

Sample Station Station Missouri River
Parameter Date D-1 E-1 Average

lia rdnes s April '73 - - -

mg/l CACO "Y ~ ~ ~

3 Sept. '73 351 247 223
Dec. '73 340 264 239
Feb. '74 92 102 188

Arsenic April '73 <0.01 - <0.01
mg/l July '73 0.006 <0.001 0.010

Sept. '73 0.004 <0.001 0.005
Dec. '73 0.004 <0.001 0.003
Feb. '74 <0.001 <0.001 0.003

Cadmium April '73 <0.02 - <0.02
mg/l July '73 0.005 0.005 0.006

Sept. '73 0.008 0.005 <0.004
Dec. '73 0.002 0.001 0.003
Feb. '74 0.009 0.009 0.018

Iron (total) April '73 3.0 - 11.8
mg/l July '73 5.6 5.2 3.4

Sept. '73 1.8 0.1 1.2
Dec. '73 1.2 0.3 1.6
Feb. '74 3.1 0.7 1.8

Copper April '73 <0.02 - <0.13
mg/l July '73 0.010 0.008 0.027

Sept. '73 0.015 0.005 0.012
Dec. '73 <0.002 0.003 0.003
Feb. '74 0.014 0.016 0.018

.
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TADLE 2.3.1-5 (Continued)

Sample Station Station Missouri River
Parameter Date D-1 E-1 Average

llexane Solubles April '73 8 - 12
mg/l July '73 1 2 3

Sept. '73 4 1 5
Dec. '73 7 6 8
Feb. '74 4 6 6.

Fecal Coliforms April '73 1000 - 4167
number /100 ml July '73 120 130 4717

Sept. '73 20 380 1490
Dec. '73 210 90 4400
Feb. '74 1100 440 862

Total Coliforms April '73 10,000 14,800-

number /100 ml July '73 120 2,200 14,700
Sept. '73 110 13,000 13,800
Dec. '73 260 200 21,100
Feb. '74 1600 830 4100
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2.3.2 PHYTOPLANKTONm
m
h

8; %V) 2.3.2.1 Missouri River

Phytoplankton samples collected in the Missouri River near the
J site in July, September, and December, 1973, and February, 1974,

included 118 algal taxa, almost half of which were diatoms
g (Table 2.3.2-1). Except in July, when green algae were dominant,
g diatoms were the dominant group numerically and included the

greatest number of taxa. According to Hynes (1972), diatoms
typically dominate the plankton of large temperate rivers.

The highest number of taxa occurred in the December samples, which
contained 70 taxa, including 45 diatoms. The average phytoplankton

g density of the six Missouri River stations was 241 organisms
a per liter (range: 193-290 per liter) . Sixty-one taxa were observed

in September samples; these samples were characterized by the
g highest densities (an average of 587 organisms per liter; range:
g 179-776 per liter). February samples had 53 taxa but the lowest

average density (163 per liter; range: 125-286 per liter). The
lowest number of taxa, 24, occurred in July samples, which had
an average of 276 organisms per liter (range: 143-625 per liter).

The relatively low plankton densities characterizing the Missouri
River near the site were similar to those previously recorded for
the lower Missouri River (University of Missouri- Rolla, 1972;<

Berner, 1951; Williams, 1966). Although phytoplankton levels
g1 recorded in the present study were somewhat higher than those from
g) net plankton collected by Berner (1947), they were 3 orders of

magnitude lower than those of total plankton collected by Damann
(1951). However, Damann's collections included nannoplankton
organisms and these cannot be collected in nets because of their
small size. Phytoplankton levels during July and September of the
present study were also substantially lower than Logan Creek den-

@ sities recorded during that time (see Figures 2.3.2-1 and 2.3.2-2).
E Damann (1951) likewise found that 'tisscuri River populations, which

averaged 4.6 x 10D plankters per liter, were lower than those of
19 Missouri River tributaries, which averaged 7.9 x 106 plankters
per liter.

The paucity of phytoplankton in the Missouri River apparently is
related to excessive turbidities, high current velocities, and the
lack of adjoining lentic waters (Berner, 1951). Turbidity is
probably the major factor limiting plankton populations because

,j it inhibits photosynthesis, respiration, and other physiological
b processes by decreasing light penetration and dissolved oxygen

levels (Berner, 1951). During the present study, the lowest
p turbidities occurred in September and probably accounted in part
B for the maximum phytoplankton populations then observed.

September turbidity values ranged from 16-22 Formazin Turbidity
Units (FTU: equivalent to Jackson Turbidity Units [JTU]); they
were thus well within the 50 JTU max 4-"- -ecommended by the Federal
Water Pollutien Control Administration (1963) as satisfactory for~

' the aquatic life of warm water streams. With the exception of
'

Station C-1 in February, all other turbidity values exceeded the

-17-



I
recommended maximum.

m Channelization of the river has increased current velocities and
f removed the standing water chutes, slouchs, and backwaters where
*

plankton typically proliferates (Whitley and Campbell, 1972).
Several studies have shown that plankton nu-ters generally are
inversely proportional to stream flow (Hynes, 1972). This inverse
relationship was demonstrated *hroughout the present study,
although a complex of seasonal and physicochemical factors affect-

g ed populations. The relationship between discharge and several
B water quality parameters is illustrated in Figure 2.3.1-2.

g Algae are likely to suffer a nutrient deficiency when nitrogen
g concentration is below 0.2 mg/l and phosphorus below 0.05 mg/l

(Chu, 1942). Nitrogen levels exceeded 0.2 mg/l at all river sta-
tions throughout the study, and phosphorus exceeded 0.05 mg/l at
all stations during all sampling periods except July, 1973.
The deficiency of phosphorus during July in combination with the
excessive turbidity (average, 194 FTU) and high water levels
may have inhibited phytoplankton.

Figure 2.3.2-1 illustrates the component breakdown of phytoplankton
nu.bers for each station and sampling period. The seasonal

I: fluctuations illustrated are typical of large temperate rivers,
where plankton populations almost always show a sum er maximum and
winter minimum (Hynes, 1972). However, seasonal variations were

m) statistically significant only in the comparison of February
- populations with those of September and December (Table 2.3.2-2).

[ The composition of Missouri River phytoplankton is also character-
B istic of large temperate streams and reflects seasonal variation

in temperature and light. In temperate climates during winter,
y phytoplankton communities largely consist of diatoms (Williams,
g 1966), but increasing temperatures encourage the development of

Chlorophyta (green algae) and Cyanophyta (blue-green algae),
which attain maximum development in war er waters. Green algae
were significantly more abundant in July and Septerier samoles
than in December and February samples (Table 2.3.2-2). Similar-
ly, numbers of blue-green algae were significantly higher in

Q summer than winter, although they were also statistically higher
d in December than in February, when they were nearly absent.

Diatom nurters were similar for September, December, and February,
but were significantly lower during July, when green algae domin-
ated all stations.

principal taxa are those composing at least 5 percent of the
phytoplankters in a sample. The green filamentous alga, Olothrix
cylindricum, was the most abundant taxa in July, compr.i sing as
much as 60 percent of one sample. Another green alga, Pediastrum,

3 ranked second in abundance and was numerically dominant at one
dR, station, comprising 24 percent of the sample. The diatoms

; Fragilaria brevistriata, Astericnella formosa, and Synedra ulna
also were relatively abundant, but selcom did any of these speciess

-1B- '



exceed 10 percent of a sample. In September, diatoms were dominant
at all staticas. The centric diatom, Cyclotella, was the ost

abundant genus, comprising as much as 31 percent of one sample.
,

The green alca Scenedesnus ranked second in abundance, numericallys

) dominating Stations A-1 anl B-1 by comprising 15 and 13 percent of
,'' the totals, respectivelv. Other principal cenera in September
7 included Nitzschia, a cenname diator, and Ulotnri? . All the n.rinci-

3 .

m pal algae in December were clatoms except for the blue-green
species, Aphanincmenon flos-aquae. As in September, Cyclotella

g was the dominant genus. The other principal taxa included
3 Melosira cranulata, Fracilaria construens, and Synedra ulna. Most

of the crincipal taxa collected during the July, Septerier, and
. .

December surveys wo - classified as true plankters, independent of
- a substrate. These _nclude the following genera: Pediastrum,

Scenedesmus, Aphanizomanon, Cyclotella, Synedra, Fragilarla,
Melos1ra, and Asterionella (Hynes, 1972: Blum, 1956). According
to Hynes, numbers of benthic species increase disorocortionatelv
to true plankters during periods of high discharge. The scouring~

effect of the high February discharge is reflected in the princi-
g pal taxa Naviculs, Nitnschia, and Gomphonema olivaceum, all benthic
g diatoms. However, the most abundant species in Feoruary was a

planktonic diatom, Asterionella formosa.

Missouri River levels of chlorcphyll a, b, and c are presented in
Table 2.3.2-3. According to Odum (1959), chloropayll content

,

appears to be a better measure of productivity than of relative
i abundance. Chlorophyll levels determined during the present stu2y

do not correlate with phytoplankton densities as chlorophyll con-
centrations may vary among different species and with select_,

>
^ environmental carameters. In addition, nannoplankton population, >) .

densities were not reported durina the study and no doubt would
considerably affect chlorophyll concentration values and pigment

. content ratics. Total chlorophyll ranged from 0 at Station C-1
in July to 1.3 mg/l at Station A-1 in September. High chlorophyll<

values during September are the result of more favorable enviren-
mental conditions, i.e., warm temperatures, reduced turbidity,
and sufficient nutrients.

2.3.2.2 Logan Creek

Phytoplankton populations of Logan Creek during July and September,
1973, averaged 8.76 x 103 and 5.97 x 103 phytoplankters per lite ,
respectively. These populations were 1 to 4 orders of magnitude

i higher than those characterizing the Missouri River near the site.
Similarly, Damann's (1951) collections during the surmer of 1950
showed an average of 7.88 x 106 plankters per liter for 19 Missouri

5
y River tributaries, in contrast to an average of 4.60 x 103 organ-
A isms per liter for the Missouri River. These higher plankton

populations in Logan Creek relative to the Missouri River may be

@ related to its more stTble substrates, lower current velocities,
u and lower t ;bidity levels. July turbidity levels at the two

Logan Creek stations were 70 and 90 TTU's, respectively, in con-

3 trast to the range of 100-215 units for Missouri River stations.
4, September levels at the Logar Creek stations were only 23 and 3

units, respectively, but the levels for Missouri River stationsg

fj also were low. Minimum plankton populations occurred in December,
1973, and February, 1974, and averaged 339 and 142 per liter,

- 19-



g respectively. Winter minima are typical of phytoplankton

~{^g communities of temperate climates (Hynes, 1972). Winter levels

\,i near the site were similar for both Logan Creek and the Missouri
River.

During the present study, 76 phytoplankton taxa from Logan Creek
were identified, includina 39 diatom taxa (Table 2.3.2-1).

Q' - Figure 2.3.2-2 illustrates the average densities and Table 2.3.2-4
E includes the component breakdown of phytoplankton nur.bers for

each station and sampling period. Seasonal variations in the
g composition of Logan Creek phytoplankton are typical of temperate

5 stre rs, where green and euglenoid species attain maximum devel-
opment during the warmest months but are almost absent during ,

winter, when diatoms predominate (Williams, 1966; Hynes, 1972).

During all sampling periods, phytoplankton was more abundant
upstream at Station E than downstre am at Station D. This does

Q not appear to reflect differences ir. nutrient levels or flow
M characteristics, but may be related to differences in substrates.

The bottom at Station E is gravel and rock, which undoubtedly
g provides a more favcrable habitat for benthic algae than the
g bottom at Station D, which is composed of several inches of fine

mud and organic debris.

Most of the principal taxa in Logan Creek samples were benthic
diatoms, although the unicellular euglenoid Phacus was extremely
abundant in July at Station D, comprising 81 percent of the

ah phytoplankters. According to Smith (1950), this genus is rarely
JV abundant. The factors stimulating its extremely high abundance

in this case are undetermined. Dominant benthic forms in the
g remaining samples included the genera Cymbella, Navicula,
g Nitzschia, and Gomphonema. The predominance of benthic forms in

Logan Creek is in contrast to the dominance of planktonic taxa
in the Missouri River. Williams (1964) found the number of
detached plankters to be proportionally higher in creek and
very shallow river plankton populations than in large river
planktcn populations.

R (11orophyll a , b, and c levels in Logan Creek are presented in
Table 2.3.2-5. Total chlorophyll levels caried widely, ranging
from 0.1 to 7. 6 mg/l at Station D and from 0.1 to 1.3 mg/l at

' '

Station E. The chlorophyll value of 7.6 mg/l at Station D was
obtained during July as the result of a euglenoid bloom
(Phacus sp.).

Es
a .

r
-20-
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TABLE 2.3.2-1

PilYTOPLANKTON COLLECTED FROM Ti!E MISSOURI RIVER AND LOGAN CREEK IN
JULY (J), SEPTEMBER (S), AND DECEMBER (D),197 J, AND FEBRUARY (F),19 7 4

Division Occurrence in Occurrence In

Class Missouri _ River Logan Creek

.icientific Name J S U F J S D F

Chlorophyta
Chlorophyceae

Ar,tinastrum hantzschii x x x x

hnTis trode smus falcatus x x r x
Ankistrodesmus spp. x x
Characium sp. x x x

Chlamyclomonas sp. x x x x
xCladophora pacta

Clostericli um sp. x
Closteriopsis sp. x x

Closter'ium gracilis .x
Closterium netaceum x
Closterium spo. x x x x x

Cosmarium sp. x
Jruciger.ia crucifera x

Crucigenia tetrapedia x x

Crucigenia sp. x x

Elakatothrix gelatinosa x x

(T6~1 e n k .1 n l a .ra tl l a ta x
Kirchnerielta sp. x
Micractinium pusillum x
FTfEaspora iloccosa x

Cocystis sp. x
Pediastrum boryanum x x
Pediastrum duplex x x x x x

Pediaatrum integrum x

Sheet 1
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TABLE 2. 3. 2-1(Continued)

Division Occurrence in Occurrence in
Class 'Missourt River Logan Creek

Scientific Name J S D F J S D F

Navicula pupula x x x
Navicula rhynchocephala x x x
Navicula sp. x x x x x x x
Nitzschia acicularis x x x x x x
Nitzschia filiformis x x
Nitzschia hungarica x
Nitzschia linearis x
Nitzschia lorenziana x x x
Nitzschia parvula x
Nitzschia sigmoldea x x x x
Nitzschia spp. x x x x x x x
Finnularia sp. x x x
Rhoicosphenia curvata x x x x
Stauroneis ancelg x
Stauronein phoenicenteron x
Stauroneis sp. x
Stephanodiscus upp. x x x
Surirella angustata x x
Surirella ovata x x x x
Surirella sp. x
Synedra actinastroides x
Synedra acus x x x
Synedra ulna x x x x x x x

,

Synedra sp. x x x x x x
Tabellaria fenestrata x x x x x x x
Tabellaria flocculosa x x x
Tabel'larIW sp. x x
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TABLE 2. 3. 2-1 (Continued)

Division Occurrence in Occurrence in
Class Missouri River Logan Creek

Scientific Name J S D F J S D F

Microcystis aeruginosa x
Microcystis sp. x
Oscillatoria sp. x x x
Spirulina sp. x x x x x .x

Euglenophyta
Euglenophyceae

Euglena spirogyra x
Eaglena sp. x x x
Phacus sp. x x x x x
Trachelomonas sp. x x x x x *

Pyrrhophyta
Dinophyceae

Ceratium hirundinella x x
Glenodinium sp. x x x

,
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E
TABLE 2.3.2-3

CHLOROPHYLL LEVELS IN MISSOURI RIVER PHYTOPLANKTON

) IN JULY, SEPTEMBER, AND DECEMBER, 1973,l
AND FEBRUARY, 1974

JULY l973

Station Ch1 a_ (mg/1) Chl b_ (mg/1) Chl e (mg/1) Total Chl

A-1 0.1 ~0 0 0.1-
A-2 0.1 0 0 0.1
B-1 0.1 0 0 0.1

8 B-2 0 0 0 0

C-1 0 0 0 0

C-2 0.2 0 0 0.2

SEPTEMBER 1973

A-1 1.1 0 0.2 1.3
A-2 1.0 0 0 1.0

B-1 1.1 0 0 1.1
B-2 1.1 0 0 1.1
C-1 1.0 0 0.2 1.2
C-2 1.0 0 0 1.0

i DECEMBER 1973

g A-1 0.2 0 0 0.2

g A-2 0.1 0 0.1 0.2
B-1 0.1 0 0 0.1
B-2 0.1 0 0 0.1
C-1 0.2 0 0.1 0.3
C-2 0.2 0 0.1 0.3

FEBRUARY 1974

A-1 0.2 0 0 0.2

g A-2 0.2 0 0 0.2

g B-1 0.2 0 0 0.2
B-2 0.2 0 0 0.2
C-1 0.1 0 0 0.1
C-2 0.2 0 0 0.2

i
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TABLE 2.3.2-5

g CHLOROPHYLL LEVELS IN LOGAN CREEE
g's PHYTOPLANKTON IN JULY, SEPTEMBER,
y.- AND DECEMBER,1973, AND FEBRUARY,1974

8
JULY 1973

Station Chl a_ (mg/1) Chl b (mg/l) Chl c (mg/1) Total Ch1

D 4.0 1.8 1.8 7.6
E 0.1 0 0 0.1

SEPTEMBER 1973

D 1.1 0 0 1.1
E 1.1 0 C.2 1.3

DLCRf2R 1973

D 0.1 0 0.1 0.2
E O O 0.1 0,1

FEBRUARY 1974

D 0.1 0 0 0.1
E 0.1 0 0 0.1
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2.3.3 ZOOPLANKTON

- 2.3.3.1 Missouri River

Zooplankton populations sampled near the site in July, Septerber,
3 and December, 1973, and February, 1974, incltded 52 taxa. Thirty-

,

# six of these taxa were ratifers, while most remaining taxa were
cladoceran and copepod crustaceans (Table 2.3.3-1). The maximum

- } density per liter and the greatest array cf taxa occurred in the
d September samples. They contained a mean of 49.5 organisms per

liter (range: 36.4-74.8 per liter) and consisted of 33 taxa,
g including 25 rotifers. Populations of cooplankters were statis-
@ tically lower during the remaining sampling periods than in

September (Table 2.3.3-2). Average densities for July and December,
1973, and February, 1974, were 7.6, 8.2, and 4.2 zooplankters

.

per liter, respectively. Of these, the largest n umbe r of taxa,i

L6, occurred in December. The July samples included 16 taxa and
the February samples, 17 taxa.

Figure 2.3.3-1 illustrates the comprnent breakdown of zooplankton
numbers for each station and sampli: , period. The summer maximum

g of rotifers is typical of large temperate rivers. Rotifers per
3 liter were significantly higher in September samples than in

other samples (Table 2.3.3-2). According to Williams (1966),
a higher rotifer densities are usually associated with warm water
g of high clarity and low turbidity, conditions prevailing during

the September sampling period. This maximum may also be related
to relative increases in diatom numbers. Hynes (1972) reports
that when diatom numbers increase, rotifers become more common.
This may indicate either a trophic effect or that similar con-
ditions favor both types of organisms (Hynes, 1972). Rotifers

g were significantly lest abundant in February than in other sampling
g periods. Williams (1966) found that most rotifers disappear during

winter and during periods of high stream flow, such as occurred in
February.

E Copepod crustaceans persisted in similar numbers throughout the
study (range: 1.0-10.2 per liter). They were the most numerous
group occurring in December and February (Figure 2.3.3-1).

- Anderson (1969), studying a North Dakota prairie lake, found that
copepods were the only plankters commonly occurring in winter and

y suggested that temperature was not a controlling factor in their
f distribution.

7 The principal taxa (those comprising at least five percent of a
sample) were primarily planktonic zooplankters. Principal taxa
in July included the rotifers Monostyla, Brachionus calyciflorus,
and Brachionus caudatus and copepod nauplil and copepodites, but

h no single taxon dominated. However, the rotifers Brachionus and
u Keratella ranked first and second in abundance, respectively, at

all stations during September. Together they comprised 61 to 92
| percent of the total cooplankters in the sample. Brachionus
f, calyciflorus and Keratella cochlearis were particularly abundant.

Brach1 onus was the dominant rotifer collected during the Missouri,

River Environmental Inventory (University of Missouri-Rolla, 1972).-

-21-



H
Brachionus calyciflorus was the most abundant species at stations

g near Hermann and also a major species at other stations. Eeratella

A)
cochlearis was the most abundant species collected in the Missouri
River by Williams (1966), but it was not reported among ne+ plankton

' of the Missouri River Environmental Inventory. No single species
comprised a large percentage of zooplankton samples in Decerier or
Februa ry , although cyclopoid copepods were the dominant group.
Of 14 rotifer species collected in Decerter, principal taxa were
Asplanchna priodonta, Brachionus calyciflorus, and Brachionus
variabilis."

Specific scoplankters in tMse collections have not been discussedc

L as trophic indicators because present knowledge of their ecology
is inadequate to classify them by this criterion (Gannon, 1971).

g The indicator organism concept is not supported among dominant
g rotifers in a sample because dominant species apparently are deter-

mined by edaphic factors within a watershed (Williams, 1966).

Zooplankton populations during this study were generally quite
~

low. Zooplankton was also sparse in the Missouri River Environ-
mental Inventory collections (University of Missouri-Rolla, 1972).

g Figure 2.3.3-1 shows that ratifers comprised high percentages
5 of total zooplankters in September, but thcir nu-ters were still

low compared to other aquatic ecosystems. Most plankton corr.un-
g ities average 40 to 500 rotifers per liter (Pennak, 1953). The
g highest rotifer density recorded at any station was 54.6 per

liter. Rotifer populations during July were similar to those
Williams (1966) reported from samples collected near St. Joseph,
Kansas City, and St. Louis. He concluded that the Missouri Basin
is generally rotifer poor. As with phytoplankton, excessive'

turbidity appears to be the limiting factor.

2.3.3.2 Logan Creek

Zooplankton collections in Logan Creek contained 26 taxa, neluding
- 18 rotifers (Table 2.3.3-1). With the exception of Lepadella,

all rotifer genera collected in Logan Creek also occurred in
Missouri River samples. Maximum densities, averaging 1,100 per

I', liter, occurred in July and included 13 taxa. Seventeen taxa
were included in the September samples, but the average density
was much lower: 124 per liter. The December and February samples

g were extremely low, both averaging less than two organisms per
g liter. These samples included four and six zooplankton taxa,

respectively.

Figure 2. 3. 3-2 illustrates the average densities and Table 2. 3. 3-3
includes the component breakdown of zooplankton numbers for each
station and sampling period. The abundance of rotifers during
summer is in sharp contrast to their winter occurrence. Accord-

- ing to Williams (1966), most rotifers are associated with warm
water of high clarity, while in winter they almost disappear.

In contrast to the situation at the Missouri River stations near
j' the site, rotifers were more prevalent in July than in September

in spite of the higher turbidity levels occurring in July. The
J

*



5

g, July sample from Station D had an extremely high population,
[g i 2,133 zooplankters per liter, and contained more than 90 percent
a rotifers. According to Pennak (1953), most plankton populations
4 average 40 to 500 rotifers per liter. Brachionus calyciflorus
$ and Keratella cochlearis conprised 50 and 34 percent of this

sample, respectively. These were also the most abundant rotifers
at Missouri River stations. A possible exalanation for this
extremely high number of rotifers is that ^1ogs and debris deposited

^

by sprinc floods had formed pools in the vicinity of Station D,
perhaps favoring the proliferation of rotifers. These pools no
longer existed in Septenber, when zooplankron numbers were much
lower and similar to those for Station E upstream. Also, rotifer
proliferation may have been in response to the Phacus bloom
occurring at that time.

In additicn to Brachionus and Keratella, principal zooplankton
taxa in summer collections included the rotifers Trichotria,
Lepadella, Lecane, and copepod nauplii. Because 2coplankters
were so sparse in winter collections, identification of principal
species was not considered meaningful.
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TABLE 2.3.3-1

ZOOPLANKTON COLLECTED FROM Tl!E MISSOURI RIVER AND LOGAN CREEK IN
JULY (J) , SEPTEMBER (S), AND DECEMBER (D),197 3, AND FEBRUARY (F),1974

Occurrence in Occurrence in
Missouri River Logan Creek

J S D F J S D F

Rotatoria

Ascomorpha sp. x
Asplanchna priodonta x x x x x
Asplanchna sp. X X
Brachionus angularis x x x
Brachionur bicienta ta x x
Brachionuti calycillorus x x x x x x
Brachionus caudatus x x
Brachionus havanaensis x x -

Brachionus plicatilis x x x
Brachionus quadridentata x x
Brachionus variabilis x x x
Brachionus sp. x
Chromogaster sp. x
Collotheca sp. x
Colurella sp. x
Filinia longiseta x x
Filinia opoliensis x x
Kellicottia bostoniensis x x
Kel1icottia longispina x
Kellicottia sp. x
Keratella cochlearis x x x x x
Keratella earlinae x

Keratella $1uad ra ta x x x
Keratella sp. x
Lecane up. x x

Sheet 1
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TABLE 2. 3. J-1(Continued)

Occurrence in Occurrence in
Missouri River Logan Creek

J S D F J S D F

Lepadella ovalis
Menostyla sp.

-
x

x x x
Notholca sp. x x
Platyias patulus x
Platyias quadricornis x
Platyian sp. x
Ploesoma sp. x
Polyarthra sp. x x x x x
Synchaeta sp. x x x
Testud inella sp. x
Trichotria tetrades x x
Trichotria sp. x
Vanogella sp. x

Cladocera

Bosmina coregoni x x
Posmina sp. x x x
Ceriodaphnia reticulata x x x x
Chydorus sphaericus x x x x
Daphnia longiremis x x
Daphnia pulex x
Daphnia sp. x
Diaphanosom_a brachyurumi

x x
ilolopedium gibberum x
Latonopsis sp. x x
Immature cladoceran x

Sheet 2
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TABLE 2.3.3-1 (Continued)

Occurrence in Occurrence in
Missouri River Logan Creek

J S D F J S D F

Copepoda

Cyclopa bicuspidatus x x x
Cyclops vernalis x x
Diaptomus forbesi x
Diaptomus siciloides x x
Calanoid copepodite x x x
Gyclopoid copepodite x x x x x x
liarpacticoid copepod x
Nauplii x x x x x x x x

Nematoda

Unidentified sp. x

Tardi.grada

Unidentified sp. x

Sheet 3
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TABLE 2.3.3-2

WILCOXAN'S TEST VALUES FOR DIFFERENCES BETWEEN SAMPLING DATES
IN OCCURENCE OF ROTIFERS, COPEPODS,AND TOTAL

ZOOPLANKTON PER LITER

rotifers / liter copepods / liter zooplankton / liter
Smallest Smallest Smallest

Months Compared Rank Significance Rank Significance Rank Significance

7/73 & 9/73 21 ** 36.5 ns 21 **

7/73 & 12/73 30.5 ns 31.5 ns 35 ns

7/73 & 2/74 21 ** 38.5 ns 27 ns

9/73 & 12/73 21 ** 27 ns 21 **

9/73 & 2/74 21 ** 32 ns 21 ***

12/73 & 2/74 21 ** 23 ** 21 **

"ns = nonsignificant, p> 0.025

** = p 1 0.005
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TADLE 2.3.3-3

AVERAGE DENSITIES (ORGANISMS Pelt LITER) OF ZOOPLANKTON COLLECTED IN LOGAN CREEK
IN JULY, SEPTEMBER, AND DECEMBER 1973, AND FEDRUARY 1974

Station D Station E
Sampling
Periods Hotifers Cladocerans Copepods Total Hotifers Cladocerans Copepods Total

July 1973 1,992.1 44.6 95.9 2,132.6 62.5 0 5.0 67.5

September 1973 79 11 13 103 60.6 1 02.6 144.2

December 1973 0 0.35 1.35 1.7 0 0.35 1.35 1.7

February 1974 0.0 0.4 0.6 1.0 0.4 0 0.0 1.2
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2.3.4 VASCULAR HYDROPHYTES'

1

2.3.4.1 Missouri River

During the present study, no vascular hydrcphytes were observed
in the Missouri River near the site. Berner (1947) also reported
a complete absence of rooted aquatic plants in the channels,
chutes, and backwaters of the Missouri River. He attributed their
absence to turbidity, water level fluctuations, and the instability
of the fine river substrates. Excessive turb:lities create s"ad4 7

' - effects, decreasing light penetration essential for phytosynthesis
in submergent species characterized by completely immersed foilage.

g The distribution of these plants also may be inversely related to
5 ctrea= flow (Dames s Moore, 1974). Hynes (1972) notes that ve ry

turbid tropical rivers, such as the Amazon and rivers in Africa,
are also devoid of higher plants.

E 2.3.4.2 Locan Creek

In contrast to the Missouri River near the site, vascular hydro-
- phytes were observed in Logan Creek during July and September of

the present study, although they were sparse. None were observed
during the December and February sampling period.

During July, small populations of water primrose (Jussiaea),
-

water willow (Dianthera), and duckweed (Lemna) were observed
upstrem- at .:tation E. Water primrose and sedges (Carex) occurred
there in September. No vascular hydrophytes were cbserved down-
stream at Station D in July or September. This absence is probably
related to the soft silty substrates at D. Station E is character-
ized by coarser sand and rocky substrates; these probably provide
greater stability for plant colonization.

The presence of vascular hydrophytes in Logan Creek, in contrast
to the Missouri Ricer, is explained in part by its more suitable
substrate and lower turbidities. However, as in the Missouri
River, water levels in Legi.. Creek fluctuate considerably, prcbabli
limiting the abundance cf higher aquatic plants.
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2.3.5 EENTHIC MACROINVERTEBRATES

2.3.5.1 Missouri River

Benthic macroinvertebrates collected from the Missouri River near
Fulton, Missouri, are listed in Table 2.3.5-1 (Transects A, 5,

and C) and Appendix Table 2A-3 (Transects F and G). Approxi-
mately 65 different species of benthic organisms were collected.<

Dipteran larvae, aquatic oligochaetes, and mayfly nymphs were
usually numerically dominant in the collections, with coleopterans,
trichopterans, odonates, and pelecypods also present in smaller

" numbers. Dipteran populations were dominated by midge larvae,
while tubificids were the dominant oligochaetes. The only other
numerically important organisms near the site were mayflies.

Predominant oligochaete populations consisted of Linnodrilus spp.
and Branchiura sowerbyi: both species are pollution-tolerant
(Weber, 1973). The ma3ority of midge larvac collected are con-
sidered facultative, with the remaining species being nearly
equally divided between tolerant and intolerant species. The

'

most common mayfly was a burrowing mayfly (Pentagenia vittigera) ,
which is listed as being intolerant to pollution.

Pentagenia vittigera is similar to Hexagenia limbata, another
I- relatively common burrowing mayfly in the Missouri River, but

pentagenia apparently live in faster waters (Winona State College,
1970). In contrast to other mayfly nymphs, burrowing mayfly gills
are held over their bodies and cause an axial current down the
length of the body (Hynes, 1972). These nayflies are markedly
hairy; the long hairs apparently keep the body free of fine part-

f icles and prevent smothering. Ephc=crella,sp., Stenonema sp.,
and other mayfly nymphs found near the sine also are well adapted
to live in fast, turbid waters. These species are flattened

j dorso-ventrally for less resistance to water flow. They also have
O dorsally placed gills that can maintain a respiratory current

without becoming clogged with silt. The mayfly, Caonis sp., a

D fourth species of mayfly nymph collected near the site, has
g dorsal gills covered by an operculum, which allows the species

to inhabit silty sub' strata.

t Results of the quantitative sampling are presented in Table 2.3.5-2.
'

Mid-channel stations (A-1, B-1, and C-1) were almost completely
dominated by dipteran larvae. Only one mayfly nymph, one caddis

3 fly larva, and two oligochaetes were collected at the mid-channel
J stations during the four surveys. The benthic density for these

three stations averaged 42/m2 and 187/m2 during the July and
September surveys, respectively. Samples were not collected from

,

:. mid-channel Station A-1 in Decerber nor A-1 and 3-1 in February
because high waters ccoured the bottom and prevented dredge
samples from being taken. Stations B-1 and C-1 had an average
density of 11 benthic organisms /=2 during December, and no organ-
isms were found at Station C-1 during February.'-w

>.

r
-25-
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T In contrast to the dipteran-dominated mid-channel stations,
oligochaetes and mayflies numerically dominated the benthice

\_ ' community at most of the north shore stations. Average benthic
densities for she three north shore stations (A-2, B-2, and
C-2) were 72/=" , 50 6/m2, 1090/m2, and 278/m2 during July, September,
December, and February, respectively.

}M Major factors affecting the benthic density and distribution among
the Missouri River stations appear to be river velocity and bottom
substrates. High current velocities scour the bottom, removing

g silt, clay, and organic matter deposited during low flow conditions.
g Organisms inhabiting this soft substrate may be swept along with

the current, migrate to more favorable habitat, or be killed by
the grinding action of moving sand and gravel. These conditions
were readily apparent at the normally sandy-bottomed mid-channel
stations (A-1, B-1, and C-1) , where benthic density was found to
be low.

Improved conditions, slower currents, and a more silty substrata
were noted at the north shore stations; however, species compo-
sition and density of benthic macroinvertebrates were still low.

Rivers, like the Missouri, liable to floods are known to have
less abundant and less varied faunas than others (Hynes, 1972).
Burrowing animals, such as tubificids, midge larvae, and burrow-
ing mayfly nymphs, are better able to survive the rapidly changing
river conditions resulting from floods.

Species diversity indices of the benthic community also reflect
differences between mid-channel and north shore stations (Table

g 2. 3. 5- 3) . The average species diversity indices for the mid-
B channel and north shore stations were 0.60 and 1.86, respectively.

Wilhm and Dorris (1968) indicated that systems possessing indices
of approximately 1.00 were grossly polluted, 2.00 moderately
polluted, and 3.00 unpolluted. This would suggest that the:

Missouri River mid-channel stations were grossly polluted and
.

north shore stations were moderately polluted. Pollution, in
this sense, refers to physical stresses consisting of high river

'

velocities, high turbidity, and lack of favorable substrates.
Although chemical stresses do occur in the Missouri River, their
effects on the benthos in the study area appear to be only minor.

Wet-weight biomass data for each major benthic group are presented
in Table 2.3.5-4. Oligochaetes and dipterans (predominately

( chironomids) generally dominated standing crop biomass of each
station; however, mayflies (ephemeropterans) were important at
north shore stations (A-2, B-2, and C-2). Biomass for north
shore and mid-channel (A-1, B-1, and C-1) stations during the

2- four surveys averaged 1141.8 mg/m2 (10.3 lb/ acre) and 19.3 mg/m
(0.17 lb/ acre), respectively. Berner (1951) studied the average

g wet-weight benthic biomass in the lower Missouri River from April
83 through October, 1945. He determined that the benthic biomass

; averaged 0.01 lb/ acre near the middle of the river and 2.17 lb/ acre,

v

E
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3 near a steep bank. Although biomass values from the cresert
'

(_,) survey were considerably higher than Berner's, benthic biomass
g near the site would still be considered low when compared to
g other systems. Investigations of unchannelized portions of the

Illinois River between Chillicothe and Grafton, for example,
yielded average biomass values of 261 lb/ acre (Berner, 1951).

B Berner (1951) sampled the river at 11 different sites between
Watson and St. Charles, Missouri, including one station at

$ Hermann (approximately 20 river miles downstream from the site).
E Very few organisms were found in any of the four different eco-

logical habitats sampled (middle of channel, near a steep bank,
near a sand bar, and the downstream side of a pile dike). The

Ii most productive area appeared to be near the steep bank; no
organisms appeared to be produced in mid-channel.

Numerically, Berner's collections were dominated by midge larvae
(35 percent) and aquatic oligochaetes (20 percent) ; however,
immature stages of other dipterans, plecopterans, ephemeropterans,
odonates, and trichopterans were also found. Clams, snails, and
crayfish were absent from the dredged samples. Eerner attributed'

the low benthic productivity (0.4 lb/ acre) to siltation, shifting
substrates, fluctuating water levels, swift currents, and the

I- absence of aquatic vegetation. He indicated that such factors
were also probably responsible for the presence of "syrton," or
drift organisms, which are similar in species composition to the
benthos and average almost 0.07 pounds per surface acre.

During the Missouri River Environmental Inventory (University of
Missouri-Rolla, 1972), three benthic dredge samples were taken

' near Hermann on 29 September 1972. Aquatic oligochaetes comprised
at least 98 percent of the total number of organisms in all three

g samples. Other benthic species included midge larvae (Polypedilum

B sp. and Cryptochironomus sp.), mayfly nymphs (sexacenia 11mbata)
and clams (Corbicula sp.). Total densities ranged from 1000/m2
in sand to 4940/m2 in clay sediments. Ballentine et al. (1970)
collected benthos from pile dikes and adjacent backwater areas
between St. Joseph and Hermann during the fall of 1968. Tubificid
worms accounted for more than 70 percent of the total benthos

@ from dredge samples, although midge larvae and mayfly nymphs also
R occurred. Qualitative samples from rock dikes yielded several am-

phipods, flatworms, clams, snails, and leeches. They found that
g immediately downstream from major metropolitan areas, the number
5 of pollution-sensitive organisms decreased while pollution-tolerant

organisms increased.

Channelization appears to have had quite an adverse effect on the
benthic bioca in the Missouri River (Whitley and Campbell, 1972).
Studies by Langemeier compared the standing crop of benthos in
channelized and unchannelized portions of the river (Whitley and
Campbell, 1972); channelization appeared to result in a substantial," .

decrease in benthic standing crop. Standing crops were generally
higher in. areas with a silt substrate and little or no water move-
ment, areas which are generally absent in channelized portions of

-27-
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the river.

Benthic organisms frca the Missouri River near the site have low'

Q species composition, diversity, abundance, and standing crop.
D Major factors contributing to this condition appear to be channel-

ization and reduction of favorable habitats, flooding and high
water velocities, turbidity, and shifting substrates. Stresses,

f are also imposed by water quality reduction that has resulted
from municipal wastes, acid mine areas, industrial effluents,
increased siltation, and chemical runoff from farming activities
(see Section 2.3.1). Major benthic organisms in the Missouri

' River are midge larvae, t ubi fi cids , and burrowing mayflies, which
are adapted to withstand these existing environmental conditions.

2.3.5.2 Logan Creek

. Species composition of the benthic communit t in Logan Creek is
j similar to the Missouri River. Although densities were higher

in Logan Creek than the Missouri, they would still be considered
low when compared to other systems. Major species collected
during July and September, 1973, were oligochaetes and dipterans
(Table 2.3.5-1),

g Logan Creek Station D was located on the Missouri River floodplain
B below the confluence of Mud and Logan Creeks. Oligochaete popu-

lations numerically dominated the benthic fauna, comprising 71
g''} percent of the total benthos in July, 91 percent in September, S5
g/ percent in December, an? B6 percent in February (Table 2.3.5-5).

Dipterans, mainly chirontmids, were the second most abundant
benthic group collected at this station and comprised from 9 to
P9 percent of the total community. Total densities for Station

' L samples averaged 103/m2 in July, 1248/m2 in September, 2059/m2
i December, and 2861/m2 in February.

Station E was located in the upper reaches of Logan Creek and,
although species composition was similar tc Station D during the
four sampling periods, the dominant forms changed (Table 2.3.5-5).

I' Dipterans were numerically dominant during July and September,
and represented 91 and 82 percent, respectively, of the total
benthos collection. Oligochaetes became numerically dominant

'

during December and February, when they comprised 65 and 60 per-
cent, respectively, of the total benthos. Mayflies, clams,
nematodes, and springtails were also collected. Total Station

g E densities averaged 1093/m2 in July, 4033/m2 in September,
D 882/m2 in Decenber, and 736/n2 in February.

Species diversity indices averaged 2.05 and 3.00 at Stations D

Ii and E, respectively (Table 2.3.5-3). This indicates that Station
D is moderately polluted and Station E is unpolluted. The lower
species diversity at Station D probably reflects its location
in the Missouri River floodplain. During periods of high flow,

'm Missouri River water backs up into Logan Creek and influences
'

the species inhabiting these waters. The higher species diver-'

'
sity at Station E corresponds to the higher water cuality at

.Ss.,
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this station.

'' Water quality and seasonal variations appear to have najor
influences on benthic development in Logan Creek. Water quality
is better upstrean at Station E (Section 2.3.1), and this station1

was generally found to support a more diverse and dense macro-
_.

benthic censunity. High temperatures, lower dissolved oxygen,
_

greater turbidities, and more pronounced water level fluctuations
are associated with Station D during the su rer and would tend to
limit benthic production. Although the majority of organic .atter
is probably allochthonous (produced outside the creek), Station

~

E does have a rocky substrate that supports centhic algae and is
utilized by invertebrates for food and shelter.

During December and I'ebruary, benthic densities at Station E
decreased, while densities at Station D increased. Caring the

.

winter, reduced flows and shallower waters at Station E appear
to result in lower temperatures that subsecuently stress benthic.,

populations.
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TABLE 2.3.5-3

MACROBENTHIC SPECIES DIVEPSITY INDICES FOR STATIONS
ON TIIE MISSOURI RIVER AND LOGAN CREEK

Data A-1 A-2 B-1 B-2 C-1 C-2 D E

July 1973 1.00 2.42 0.75 1.30 0.00 0.00 1.16 3.44

September 1973 0.00 1.66 0.00 0.74 2.66 1.00 1,43 2.76

December 1973 N.C. 1.59 0.00 3.36 1.59 3.57 2.75 3.12

February 1974 N.C." 0.92 N.C." 3.58 0.00 2.16 2.85 2.70

Average 0.50 1.65 0.25 2.25 1.06 1.69 2.05 3.00

"Not collected - bottom scoured by high water.
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TABLE 2.3.5-4 (Continued)

(Number of Organisms) Wet-Weight in mg/m
Total

IM t e Station Oligochaeta Diptern Ephemeroptera Trichoptera Pelecypoda Odonata Coleoptera Other We_t-Wt_

February A-1 Not Collected

1974 A-2 - - - (14)186.2 - - - - 186.2
D-1 Not Collected -

D-2 (525)525.0 (224)l07.1 - (14)9.8 - (14)487.9 (7)2.4 - 1132.2
C-1 - - - - - - - - -

C-2 (21)12.6 (14)l.4 - - - - - - 14.0
D (2484)19,795.6 (3R2)616.7 - - (15)57.0 - - - 19,489.3

E (441)l367.1 (221)839.8 - - (74)S32.8 - - - 2719.7

Sheet 2



S
E
G

5
5
5
l

E

t

3
U
C

I

E l
B a 713 1 5852 0 55 - - 0 000 0
E t 9 0 8 0 63 0 631 0

o 1 1 1 1

T
B E!

E
! %R
E n

K o
E i

3 E t
E R a!

E
E CY t
E R S2

NA m 319 3 5963 3 3900 2 114 6
AU / 792 9 0407 3 70 8 427 3

B GR o 9 0 252 0 53 8 42 7E
R OB N 1 3 4

B LE
F

M
ODO RN lR

D FA a 19 - 0 19 - - 0 5113 0 631 0I

E t 72 0 9 0 81 0 81 0
D o 1 1 1 1,

ER T
S 5 TE D
5 - CB %|

5 5 EM n
LE o.

3 LC i

OE t.

2 CD a
t

E S S2,

L ER m 300 3 0800 8 0559 9 425 1

B TE / 73 0 31 4 5315 5 881 8

S A AB o 1 11 2 72 0 43 8

R T RM N 1 1 1 2 2 2I

E BE
ET
TP
RE

5 ES5
| V1
3

G N ,

IY a a
L r r

!
CU a a e a e aB

1! IJ t t t t t t a
5 H s e e p e p e dE TG m a a o a o a o

NN s ha har har h ap
EI i cr cre cre cry

B BR n oer oemr oemr oecE
S OU a gt e gt ee gt ee gt e

RD g i ph i phh i phh i plE
C r lit li pt li pt li e
A O ODO ODEO ODEO ODP
Md

s

3
4R L r L L L

A e A r A y A
T b T e T r T

e O m O b O a O5
t T e T m T u TE a y3 t3 e3 r4

D D l7 p7 c7 b7
u9 e9 e9 e9
J1 S1 D1 F1

S
R
E
B
E

I

E
S



8

- 2.3.6 FISH
'

/~ 2.3.6.1 Missouri River

The high turbidity, swift currents, and unstable sand and silt
bottom characterizing the Missouri River are the principal factors

g controlling-and limiting the distribution of fish in this water-
g way. Generally, in streams and rivers receiving a heavy inorganic

sediment load, fish populations have a reduced standing crop and
individual fish a slower growth rate (Gammon, 1970). The fisheries
of the lower two-thirds of the Missouri River are not very pro-
ductive, not only because of the high turbidity, but also because
of the lack of fich food organisms (University of Missouri-Rolla,
1972), which are also limited by the ecological factors influencing
fish.

g Stream channelization has directly affected fishes by eliminating
g quiet water habitats, with their associated brush and log

substrates favorable to aquatic insects and other fish food
organisms. Because of these habitat changes, small rivers and

I streams entering the Missouri have become increasingly prcminent
as spawning and nursery areas for fish. Before channelization of

,

the river, there were extensive side channels and backwater areas

I-
that served as spawning sites. Because spawning and nursery sites
and fish food organisms have been reduced, the ecosyster cannot
support large and diverse fish populations. Those fish found in
the Missouri River are specialized for this particular habitat.

The discussion of Missouri River fish is divided into two parts:
a presentation of the life histories data gathered curing the

I: literature review and a presentation of data obtained frem the
sampling stations during the sampling program.

Thermal tolerances of representative fish species are presented
in Table 2.3.6-1.

2.3.6.1.1 Life Histories

Important species of game fish collected in the Missouri near
the site during the present study were wnite crappie, catfish
(blue, channel, and flathead), and freshwater drum.

The white crappie is ccamon in ponds, lakes, rivers, and streams

) east of the Rocky Mountains. T'-y generally prefer quiet water
where cover is provided by aquatic plants, submerged traes, ora

brush. Spawning usually occurs from May through June, when water
g temperatures are from 63.5" to 68 F (Calhoun, 1966). White
Q crappies spawn under a variety of conditions of bottom, water

depth, and proximity to embankments, vegetation and wooden
g structures, but they prefer to deposit their eggs on plant material
g' in quiet water (Hansen, 1951). The number of ecgs produced per

female in a season ranges from 22,800 to 194,000, according to a
,

sample of.24 fish examined by Siefert (1969). The maximum lengthj
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8' recorded for the species is 381 mm (Goodson, 1966).i j
Channel catfish have been widely introduced in this country, but
their original range was from Montana, southern Manitoba to
southern Quebec, south and west of the Appalachians, Florida,

g and Mexico. Young channel catfish feed primarily on aquatic
g insects or other arthropods; as they mature, they feed on other

fish and crayfish. Channel catfish prefer moderate to swiftly
flowing streams. They often inhabit deep pools in the main
channel of the river and wait for food to be carried to them
by the current. Spawning occurs from late May to early July at
optimal temperatures of 80 F (Miller, 1956). Adult channel

I catfish appear to be highly migratory, often ascending streams
to spawn. They prefer to nest in a dark cavity or crevice along
a stream bank or beneath debris lodged in the channel. Berner
(1947) found that debris associated with pile dikes in the Missouri

- River provided suitaole spawning habitat for channel catfish.
Females have been estimated to produce 3,000 to 4,000 eggs per
pound of body weight per year (Miller, 1966).

8 The flathead catfish occurs in Lake Erie and in the large rivers
of the Mississippi Valley south to Mexico. Larval catfish feed
primarily on insect larvae, while adults feed primarily on other
fish. Spawning occurs from May to late June. The average number
of eggs produced per female is 9,000 (Carlander, 1969).

The blue catfish occurs in large rivers from South Dakota to
Ohio and south into Mexico, preferring to live in streams with
moderately to swiftly flowing water. Larvae and fingerlings
feed primarily on zooplankton and larval aquatic insects, while
adults feed mainly on crayfish and other fish. There is very
little information in the literature on the spawning habits of

I this fish; however, they are thought to migrate long distances
during the spawning season (Pflieger, 1971). Blue catfish up to
1194 mm long and 10 years old have been captured (Carlander, 1969).

The freshwater drum are found southward from Canada throughout
the Mississippi River system and eastern Mexico to Guatemala.
They spawn from May to August at water temperatures of 64 to

76 F (Swedberg and Walburg, 1970). They lay pelagic eggs in
lakes and probably in rivers. Spawning usually occurs when the
discharge of the river is increasing, thus carrying the eggs
out to the channel and onto flooded land. This tends to minimize

- losses downstream and enables hatching to occur in suitable
nursery areas. The eggs of the freshwater drum are very clear,

g making them difficult to see and therefore less subject to
g predation. Approximately 13,800 eggs are produced per female per

season (Swedberg and Walburg, 1970).

During the present study, one paddlefish specimen was observed,
although none were collected. Though edible, the paddlefish is'

i not considered a game species because it cannot be captured by*

ordinary game fishing methods. It occurs in the large rivers
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of the Mississippi drainage systen. The major food of the paddle-
g. fish is plankton; however, they also eat insects and small fish.
W They spawn in schools, preferably over large gravel bars or cver

sand and pebbles in a strong current at a water temperature of'

61"F (Purkett, 1963). Spawning usually occurs fror March to June.
Before fertilization, a coating forms on the eggs, making ther
very adhesive and allowing them to attach to the first object
they contact, usually a rock or pebble (Purkett, 1963). The most
favorable location for hatching is over a clear gravel bar, where
the eggs will not be subject to siltation, and aeration is good,
enhancing the possibility of development. Eggs hatch within 7

I days at water temperatures of 64 to 68 F. Carlander (1969) re-
ports that two female paddlefish examined had 137,247 and 141,531
eggs.

Important rough species collected near the site include carp,
river carpsucker, longnose and shortnose gar, and smallmouth and
largemouth buffalo.

Carp have been introduced into most of t2.e United States and
southern Canada. It is generally considered a rough species, but
it is also sought as a c,ame species in Callaway County. Caro are

. . .

successful because they are highly adaptable and able to survive
in a variety of habitats, from clear to grossly polluted waters.
Because of their tolerance to high turbidity and their specialized

! feeding habits, they have adapted well to the Missouri River.
They are primarily bottcm feeders, sucking mud and silt from the

'' bottom and straining out food particles. They thrive in the
a

Missouri River b.v livinc. along the banks out of the main channel,

and foraging en detrital matter deposited by the current. Spawn-
ing occurs from March to August, and two spawns in one season are
not uncommon. Spawning usually be3-ins when the water temperature.

reaches 58 F and greatest activity occurs at temperatures of 65
to 68 F. The fecundity of the carp is high. The number of eggs

g per female ranges from 100,000 to 700,000, depending on the size
g of the fish (Carlander, 1969). Over 2 million eggs have been re-

ported to occur in one female. Carp are generally less than 750
mm long, but specimens up to 1219 mm have been reported
(Carlander, 1969).

The river carpsucker occurs from Montana to Pennsylvania and
south to Tennessee and Texas. Habitats preferred by river
carpsucker are calm pools, backwaters,or gentle eddies, where
sediments accumulate, rather than the turbulent main channels of
streams. Like the c a r .c , thev, thrive in the Missouri River by:

living along the banks and foraging on detritus. Their feeding
habits and diet are very similar to carp. Spawning occurs from
April to August at water terperatures of 65" to 75 F (Jes ter ,
1972). The peak of spawning activity cccurs near the beginning
of June at around 70 F. River carpsuckers crefer to depcsit
their eggs alcng the banks of streams near roots and fallen legs.
Eggs produced per female averaged 28,305 in Age Grcup II to 273,000
in Age Group X (Jester, 1972). River carpsuckers have been known-

e
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g to live up to 11 years and attain a length of 643 mm (Carlander,

p3 ]1 1969).

The longnose gar occurs from Montana to Quebec and south to the
Gulf of Mexico and the Rio Grande. It is found frequently in
brackish water. Larval and fingerling gar feed primarily on
insect larvae, but adults feed almost exclusively on fish.
Spawning occurs from late April to June in quiet backwaters of
smaller streams. Approximately 30,000 eggs are produced per
female (Carlander , 1969). Longnose gar up to 1600 mm long have
been reported by Carlander.

The shortnose gar occurs in silty rivers in the Mississippi and
Ohio River drainage from southern Minnesota and Ohio to northern
Louisiana and Texas. Larval and fingerling specimens feed on
mosquito larvae and other fish. The spawning season and average
fecundity are the same as the longnose gar (Carlander, 1969).
Spawning usually occurs in quiet backwaters and pools of the
rivers.

g The smallmouth buffalo occurs mainly in larger streams, pre-
D ferring shallow water areas with a firm bottom. Smallmouth

buffalo are bottom feeders; their diet consists largely of
crustaceans, insect larvae, and small mollusks. Spawning occurs
in May; the eggs are deposited randomly over the bottom or in
vegetation.

A) The largemouth buffalo is usually found in calm areas of rivers(
'

or lakes. It is both a bottom and pelagic feeder, consuming
small crustaceans, insect larvae, algae, other vegetation, and,

g occasionally, small fish and fish eggs. Spawning occurs when
B water temperatures reach 60 to 65 F: eggs are deposited random-

ly over mud bottoms or in submerged vegetation (Herlan and
Speaker, 1969). As many as 400,000 eggs have been found inI 10 lb. females (Harlan and Speaker, 1969). Specimens 20 years
old have been reported, but most do not attain 6 years
(Carlander, 1969).

Forage species are those fish that, at some stage of their life
cycle, serve as food for other fish. The gizzard shad was the

@ principal forage species collected near the site; it was also
U the most numerous species collected. The gizzard shad occurs

from Minnesota to the St. Lawrence River and New Jersey, south

7 to the Gulf and into Mexico. It is a valuable forage fish,

3 forming an important link in the food chain Of game fish and
other piscivores. Because it has a high reproductive potential
and rapid growth rate, this species tends to overpopulate some

j waters to the detriment of other fish populations. It is highly
successful in the Missouri River because of its tolerance to'

excessive turbidity and waters supporting little or no vegeta-
J tion and sparse benthic fauna. However, gizzard shad may quickly
L. succumb to abrupt temperature changes or reduction in water

( ) oxygen levels (Jester and Jensen, 1972). Food preferences of
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the gizzard shad also favor its success in t1o Missouri River,

'; since adults feed primarily on detritus (Hynes, 1972). Spawning
occurs during May and J ne at temperatures from 64 to 75 F
(Jester and Jensen, 1972). A second spawning may occur in late
summer. Spawning is offshore, preferably in shallow water, but
shad have been observed spawning at the surface over deep water.
The eggs are scattered; there is no preparation of a nest site.
The average number of eggs produced per female is 40,500, but

'

a decline in fecundity with increasing size and age has been
noted (Jester and Jensen, 1972).

Five chestnut lamprey were collected from the Missouri. This
species cannot be classified as a game, rough, or forage species,
but is parasitic on such fish as carp, buffalo, redhorse,
paddlefish, and the larger sunfish. They attach themselves to
the sides of large fish by their funnellike mouths and then use
their toothed tongue to create a shallow wound, from which they

I draw their host's body fluids. When satiated, they detach them-
selves. Many of these hosts survive, because some fish captured
commercially in the Missouri bear scars of lamprey wounds (Cross,

g 1967). After an undeter.ined period of parasitic existence,
Q lamprey mature and move upstream in the spring to spawn. Pre-

ferred spawning sites are swift, shallow riffles where the bottom
is composed of clear gravel. Upon hatching, the young move

I- downstream to slack-water areas. Here they burrow into the soft
sediment and feed on minute organisms. After one to several
years, the larvae emerge and assume the parasitic habit. Commer-
cial fishermen reported a decline in lamprey and scarred fish in
the 1950's (Cross, 1967). Cross postulates that former spawning
habitats have been modified by watershed cultivation and the
resulting siltation and instability of flow.

2.3.6.1.2 Species Composition, Age, Growth, and Condition Factor

Sixty-seven fish species representing 16 families have been re-
ported from the Missouri segment of the Missouri River (Pflieger,
1971). In 1971, during the Missouri River Environmental Inventory,
19 species representing 12 families were collected at Hermann,

' Missouri, approximately 20 river miles downstream from the site
(University of Missouri-Rolla, 1972). During the present study,

g 28 fish species representing 13 families were collected at the
Q north shore transects on the Missouri River. Table 2.3.6-2

compares the known species composition of fish in the Missouri
River with those known to occur near the site and provides a

J checklist of the common and scientific names of the species dis-
cussed below. Table 2.3.6-3 summarizes the number of fish
captured per sampling period, their size range, and the percentage
of the total catch (all periods) comprised by each species.

~

Because of the relatively low numbers of fish captured during
the survey, data from Transects F and G collected during Septer6er
and December have been included in the analyses (this data is not
utilized in analyses of other aquatic biota: see Section 2.1).3

>>
w/

E
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Nineteen fish representing 11 species were collected in July,
while 217 fish representing 14 species were collected in
September, and 399 fish representing 21 species were collected
in December (Table 2. 3. 6-3) . The higher numbers of fish collect-

( )T ed in September and December relative to July not only reflectm

the increased number of sampling transects (F and G), but also
the increased use of fyke nets.

g The gizzard shad, a forage species, was the most abundant species
g collected from the Missouri River near the site. It comprised

approximately 66 percent of all fish collected during the study.
(It was similarly the most abundant species in the collections

I' of the Missouri River Environmental Inventory [ University of
Missouri-Rolla, 1972]). The gizzard shad also occurs in every
principal stream in the state and inhabits lowland lakes, ponds,
and man-made impondments (P flie ger , 1967). Near the site, it
was especially abundant along the river banks in quieter waters,
where large schools were observed. Because the gizzard shad
was more abundant than any other species, it was possible to

I- calculate the mean length, weight, and condition factor for each
age group taken in the September and December samples (Table
2.3.6-4). Generally, these values were low in comparison with

I other studies. This may be related to the high turbidities and
unstable bottom characteristic of the Missouri, since these con-
ditions restrict the production of fish food organisms. The
condition factor for comparable age groups were generally lower
in December than in September, probably the result of sample size
variations or decreased availability of food organisms in winter.

The carp was the second most abundant species collected, compri-
sing approximately 7.9 percent of the total. It was the most
abundant species in commercial catches in the Missouri River from
1965 to 1971 (Robinson, 1973a). Although the carp is commonly

g known as a rcugh fish, local fishermen take this species by hook
g and line, as well as with trotline sets. A cree] survey taken

by Dames & Moore aquatic biologists in July and September at the
Mokane access ramp (approximately 8 miles upstream from the site
area) indicated that about 80 percent of the catch consisted of
carp. Size and age of carp are highly variable, depending on
environmental conditions. According to Carlander (1969), most

Q individuals of natural populations do not attain 7 year.
E Most specimens captured in the present study were 6 years old

or under, with one individual 12 years old. Captured carp ranged

g from 277 to 668 mm total length. Carp collected near Hermann
g during the Missouri River Environmental Inventory ranged from

379 to 836 mm total length and were 2 to 6 years old (University
of Missouri-Rolla, 1972).

Other rough fish collected near the site were the river carpsucker,
longnose and shortnose gar, smallmouth and largemouth buffalo,

@ the goldeye, and mooneye. Only a few specimens of each species
M were captured.
_ ,

The river carpsucker was the fourth most abundant species collect-,

ed in the Missouri near the site. The 29 specimens collected
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during the study ranged from 2 to 7 years old and 132 to 445 mm
total length. Longnose and shortnose gar were collected in simi-
lar numbers. The largest longnose gar specimen collected near the,

,

d site was 932 mm total length. Shortnose gar collected during the
g Missouri River Environmental Inventory ranged from 422 to 740 mm
a long (University of Missouri-Rolla, 1972). Specimens collected

during the present study were within this range.

Although buffalo were the second most abundant fish in commercial
catches in the Missouri River from 1965 to 1971 (Robinson, 1973a),
only one smallmouth and three largemouth buffalo were collected
near the site during the study. The largemouth buffalo collected
during the program ranged from 426 to 512 mm total length and
from 4 to 8 years old.

Game fish collected were the white crappie, freshwater drum,
largemouth bass, bluegill, catfish, sauger, and northern pike.
With the exception of the white crappie, most of these species
were represented by only a few specimens (Table 2.3.6-3).

The white crappie war the most abundant sport fish captured in
the Missouri during the survey; it was the third most abundant
of all species captured, comprising 5.4 percent of the total.
The white crappie was also found during the Missouri River Environ-
mental Inventory to be the most abundant sport fish in the Missouri
River at f've stations between Rulo, Nebraska, and St. Louis
(University of Missouri-Rolla, 1972). During the present study,
white crapp es up to 286 mm total length and 4 years old were

!' collected. Specimens ranging from 155 to 250 mm long were taken
in the Missouri River near Hermann during the Missouri River
Environmental Inventory.

The freshwater drum was the second most abundant sport fish taken
near the site. Large numbers of freshwater drum fry and finger-

I'
lings were observed in the backwaters of the downstream sides of
groins. Twenty-two freshwater drum 92 to 363 mm total length
and en to 5 years old were collected. During the Missouri River
Environmental Inventory (University of Missouri-Rolla, 1972), 9

- specimens 112 to 352 mm long and up to 3 years old were collected
near Hermann.

A field survey of fishermen's catches during July and September
of the survey found that catfish are the game fish most frequently
sought near the site. They are commonly captured with trotline
sets. The three species captured during the present study were

' the channel, blue, and flathead. Channel catfish are important
commercial as well as game fish in Callaway County, but only one

g specimen was captured during the present study. Five specimens

E of the blue catfish were captured; these r'nged from 418 to 818
mm total length. Only a few flathead catfish were captured.

One paddlefish was observed, but none were collected. Sport fish
collected during the Missouri River Environmental Inventory but~

not captured during the present study were the smallmouth bass'

and black crappie.
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|
| Five chestnut lamprey ranging from 315 to 325 mm total length were
'

collected durina the December sampling period.

Of the 33 species of native fish considered threatened or endan-
gered in Missouri (Miller, 1972), the only one reported from the
Missouri River bordering Callaway County is the sicklefin chub
(Pflieger, 1971). No specimens cf this species were collected
during the present study.

No larval forms were collected in the larval fish tows. Apparent-
g ly sampling periods and/or depths did not coincide with their
3 seasonal or diurnal distributions

2.3.6.1.3 Food Habit Studies

E Food studies provide details of the ecological relationships among
organisms and help to explain the condition and growth rate of
fish. Food habits of the more important fish were studied to
determine what items were being utilized as forage. These find-
ings may be compared to later studies to determine if feeding
habits have changed. Extensive environmental changes in an area

I- can lead directly or indirectly to changes in the feeding habits
of fishes. However, changes in feeding habits are not necessarily

y detrimental, unless the organisms' feeding habits are very
g specialized.

Food habits of fish vary with seasons, food availability, and

ID life cycle stages. For example, the diet of most young fishes
probably consists of microscopic plants and animals, including
algae, protozoans, and crustaceans found on plants, in bottom
material, or floating in the water column. As fish develop and
attain sexual maturity, feeding adaptations develop, and the'

diets of some species become very restricted according to the
niche that they occupy in the aquatic habitat. For example, some
fish,such as gizzard shad and paddlefish, become plankton feeders
at an early stage and remain so throughout their life. Some fish
are herbivorous, including most of the smaller cyprinids. Others
are strictly carnivorous, such as pike, gar, bass. Most of the
sunfishes and others such as carp are omnivorous.

g Aquatic insects are an important food source for most fishes at
R some stage of their development. The groups utilized include

the mayflies, stoneflies, dragonflies, damselflies, water striders,
g back swimmers, fish flies, helgrammites, caddisflies, beetles,
g midges, mosquitos.

As indicated previously, most fishes prefer to feed on certain
groups of organisms, depending on whether they are herbivores,
omnivores,or carnivores. However, they also are opportunistic
to a certain extent and will crop off organisms that are available.

g This has led to the concept of the availability factor of indi-
E vidual prey species (Hynes, 1972), a ratio of the percentage of

(^' that species in the food of the fish to its percentage in the
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g fauna. When there is only one prey species, obviously there isjw no selection, but if there are more prey species than fish, the
'y prey can be preferentially selected or rejected.

The stomach content data collected in this study identified at
least eight food item taxa, and possibly more could be accounted
for in the category of " unidentified organic material." Thus,
Missouri River fish can be somewhat selective in their feeding

' '

habits, depending on the niche they occupy in the aquatic ecosystem.

g All of the major groups of macroinvertebrates collected (listed
B in Section 2.3.5) were ut2.ized by most fish, with the exception

of the piscivores (includ' g longnose and shortnose gar and
.

flathead catfish), which did not ingest any macroinvertebrates
. (Table 2.3.6-5). Dipterans and ephemeropterans were the most

numerous organisms collected in the Missouri River and were found
in some of the fish stomachs during each collecting period. They

'

comprised 25 percent of the diet of all noncarnivorous species
selected for stomach analysis. Trichopterans were also important
as a food source, being utilized by some of the fish during each
collecting period.

There were very few empty stomachs in the fish captured during
. September. This may be related to conclusion of the spawning
5 activities. Zweiacker (1972) found that there was an increase

in feeding rate after spawning, indicated by a lower percentage
of empty stomachs than before and during spawning. The small per-
centage of empty stomachs during the months of July and September
also may be related to higher summer water temperatures. During
these months, feeding and digestion rates are assumed to be highest,

g especially in a flowing body of water, such as the Missouri River,
E where the water is well mixed and does not stratify, as in a lake

or reservoir.

When water temperatures decline during winter, fish do not grow;
their only bodily functions are for maintenance. The food
ingested normally requires a long period for digestion and may
be difficult to identify in excised stomachs. When water temper-
atures averaged 2.8 C during December, approximately 44 percent
of the stomachs examined were empty.

Table 2.3.6-5 summarizes stomach analysis data for Missouri River
species for all sampling periods. A total of 158 fish stomachs
were taken from 14 fish species collected in Transects A, B, and

i C during July, September, and December. Data from major species
are discussed in greater detail below. Food habit data collected
during September from Transects F and G are summarized in
Appendix Table 2A-4 The stomachs taken from fish collected in
Transects F and G during December contained no food items.

@ Eighty-six stomachs were examined from gizzard shad, the most
B abundant species collected in the Missouri River near the site.

7
Gizzard shad are specialized in their feeding habits, having,
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long gill rakers enabling tnem to sieve organisms from the water.s

,j Jude (1973) found that gizzard shad in the Missouri River fed on
,

some bottom materials and also filtered suspended material from
the water. The most import ant food items in the gizzard shad
stomachs collected in September were diatoms (45 percent of the
- 7mcch contents) and green algae (6 percent of the stomach con-
tents). Ephemeropterans were also found, but they comprised
only 1 percent of the stomach contents. The remaining food items
could not be identified. Of the 44 gizzard shad captured in

g December, 20 had empty stomachs. Stomach content organisms of

g the remaining fish were broken apart and partially digested and
could not be identified.

The stomachs of twenty-five carp, the second most abundant species
collected in the river near the site, were also examined. The
carp is typically a bottom feeder, sucking up organic mud and
detritus indiscriminate 1y. Thus, organic material that has

' settled to the bottom may be ingested by the carp. Fly larvae
comprised 40 percent of the contents taken from stomachs collected

g in September. No other food items were identifiable, of 18

E stomachs taken in December, seven were empty. The remaining
stomachs contained unidentifiable organic matter.

A total of 18 river carpsuckers collected from the Missouri River
were chosen for stomach analysis. Jester (1972) reports that
food studies of the river carpsucker taken from the Des Moines

.

River showed the major food items to be algae and microcrustacea.
- The carpsucker usually feeds near the bottom and sucks up material

containing organic deposits; it is very difficult to identify
g the stomach contents. Seven of the stomachs examined contained
g no food, and the only identifiable food item found in the other

stomachs was the dipteran larvae, which comprised a very small
percentage of the total weight of the stomach contents: 10 and

a
g 20 percent for September and December, respectively.

According to Goodson (1966), larval white crappies feed primarily
on zooplankton, while crustaceans, insects, and fish largely con-
stitute the diets of adults. Five white crappie stomachs were
taken during the survey; the principal food item was found to be

g fish. July sample stomachs were found to contain the fry of
g freshwater drum; aquatic insects comprised the remainder of the

diet.

Swedberg and Walburg (1970) determined that freshwater drum young
of the year feed mainly on microcrustaceans (Daphnia sp. and
Cyylops sp.); as they mature, they feed on aquatic insect larvae.
Of the 12 freshwarer drum stomachs analyzed, three were empty,
while the remainder contained immature forms of aquatic insects
and unidentifiable orcanic material.

_

.-
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2.3.6.2 Logan Creek
s

( ,, The discussion of Logan Creek fish is in two parts. The first
presents the life histories data from the literature review;

J the second presents the sampling data obtained during the sampling
program.

2.3.6.2.1 Life Histories

The following discussion of the life histories of important Logan
g Creek fish species does not include information on those species
g - gizzard shad, carp, river carpsucker, white crappie - found in

greater abundance in the Missouri River. Life histories of these
species can be found in Section 2.3.6.1.1.

Sunfish (bluegill, green, and longear) , largemouth bass, bullhead,
and white crappie are the game species found in Logan Creek.
Although there has been some sport fishing in the creek in past
years, creel census data are not available. According to the
local game warden, bullhead, largemouth bass, and white crappie
are the species most commonly caught in Logan Creek (Wilson, 1973).

The bluegill originally ranged from southern Ontario through the
Great Lakes and Mississippi drainages to Georgia, Texas,and
northeastern Mexico, but widespread introductions have greatly
extended the range. Only two specimens were collected in the
Missouri River. This concurs with their preference for protected

) areas with clear, quiet water, scattered beds of vegetation,and
substrates of sand or gravel. Bluegills feed mainly on zooplankton
and aquatic insects, but other foods ingested include small fish,
fish eggs, snails, small crayfish,and amphipods. Because of
differential maturity of fish or of eggs within a single fish,
bluegills spawn over an extended time period, beginning when water
temperatures reach 70 F and continuing until fall (Emig, 1966a).
However, the peak of spawning activity is usually in May or early
June. The fecundity averages approximately 18,000 eggs per
female (Emig, 1966a). Emig (196 6 a) reports that bluegills can
attain a length of 253 mm.

The green sunfish is widely distributed and is 'rery successful
g in surviving drought in residual pools of streams. Its diat is
3 mainly comprised of insects, both aquatic and terrestrial, but

fish are also eaten. Green sunfish usually reproduce during
g May and June. Males construct and guard nests located
g in shallow water areas where the bottom is smooth and clean.

The longear sunfish is usually found in streams having numerous
pools with permanent or semi-permanent flow of clear water over
unsilted bottoms of stone or firm clay. The reproductive period
is often extended f rom May to July. The longear sunfish feeds

Q mainly on aquatic and terrestrial insects but also consumes other
B invertebrates and small fish. Longear sunfish up to 203 mm
,' N long have been reported (Eddy, 1969).

-
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The largemouth bass is an impor t a nt , widely introduced gamee

species which originally ranged from southeastern Canada through-x
/ out the Great Lakes region, southward through the Mississippig

Valley to Mexico and Florida and on the Atlantic Coast as far
north as Virginia. During the present study, most specimens
were collected in Logan Creek, reflecting their preference for
a habitat characterized by clear water and aquatic vegetation,
although vegetation is sparse in Logan Creek. High turbidities, -

typical of the Missouri River, are considered detrimental to
reproduction and growth of largemouth bass (Emig, 1966c). Young

g specimens feed primarily on zooplankton and small crustaceans,
G but as they mature they eat more aquatic insect larvae. The

adult diet consists mainly of fish, but also includes worms,
mussels, frogs, crayfish and snails. Spawning usually occurs at
water temperatures of 61 to 65 F, beginning in late spring and
continuing until early July (Emig, 1966c). Largemouth bas will
not spawn on silt bottoms but utilize a substrate of sand, gravel,
roots, or aquatic vegetation. Normally about 5,000 eggs are pro-
duced per female (Emig, 1966c).

g The brown bullhead originally ranged from Saskatchewan to Nova
B Scotia, south to Mississippi and Florida, but it has also been

introduced extensively in western North America. It is con-
sidered by Miller (1972) as a rare Missouri species. In the
Missouri River system, the species has been reported previously
only in tributaries to the Missouri near Rocheport, approximately
60 miles upstream from the site (Fisher, 1962). Pflieger (1971)
reports that the species has also been collected in two areas in
southwestern Missouri and has been stocked in a few ponds in the
state. Young brown bullheads have been reported to feed chiefly

g on chironomid larvae and zooplankton, but the adults are
E omnivorous. In large rivers, brown bullheads are most common in

sloughs or backwaters. They prefer to inhabit deep, weedy
waters with a sand, gravel or muck substrate. The species is
hardy, able to tolerate relatively high temperatures, high carbon
dioxide levels and low oxygen levels. Spawning usually begins
in late April or in May when water temperaturcs approach 70 F
(Emig, 1966b) and may continue through September, sometimes
occurring more than once a year. Females from 8 to 13 inches
long may lay from 2,000 to 13,000 eggs per season (Emig, 1966b).

$ Forage species abundant in Logan Creek included the gizzard shad,
mosquitofish, blackstripe topminnow, bluntnose minnow and
stoneroller.

The mosquitofish occurs from southern Indiana and Illinois,
south to Mexico and Florida and north to New Jersey and has been
widely introduced in warm parts of the world for mosquito control.
It prefers calm, shallow waters where it feeds principally on
mosquito larvae, pupae, algae,and small fish. Overwintering

g mortality of mosquitofish is high because they have limited
E tolerance to cold weather. The species is a livebearer, spawn-

ing from May to September at temperatures of 72" to 75cF. Average
p

u

41-

E



8

number of eggs produced by females is 40 (Carlander, 1969).
,

the blackstripe topminnow occurs from Iowa to Ohio, south to
Mississippi and east Texas. The species feeds primarily on
sur f ace-dwelling insects and on crustaceans. Spawning occurs
from May to mid-August, and the fish tend to remain paired
(Carlander, 1969).

The bluntnose minnow occurs from southern Manitoba to Quebec,

g south to North Carolina, Alabama, Louisiana, and Oklahoma.
g Small organisms and debris constitute the diet of the bluntnose

minnow. It spawns from late May to late August at water temper-
atures above 70 . remales are estimated to produce about 2,500E

g eggs (Carlander, 1969).

The stoneroller occurs from southern North Dakota to Texas,
east to the Appalachians and north to western New York. During
the present study it was collected only at Station E in Logan
Creek, where it was abundant. Permanent flow is not an essential

g habitat requirement for stonerollers because they live in pools
& throughout much of the year. Their diet consists o f diatoms ,

blue-gresa algae,and larvae of aquatic insects, which they obtain
by scraping the thin film of organic material from the substrate.
Spawning occurs from late March to May, with maximum activity
occurring when the water temperature reaches 65 F (Carlander,
1969).

2.3.6.2.2 Species Composition, Age, and Growth

g During the present study, the fish fauna of Logan Creek was
M- almost as diverse as that of the Missouri River near the site.

Compared to the Missouri, Logan Creek generally has lower
turbidity, slower waters, more varied substrates, a greater abund-
ance of plantonic and benthic fish food organisms, and at least
some vegetation, which, though sparse, could provide fish with
food and protection. These conditions are more favorable for
certain species and provide more diverse habitats than are found
in the Missouri River near the site.

g Logan Creek's flow characteristics create its varied habitats.
E The creek is subject to frequent water level fluctuations; these

are caused by surface runoff in the immediate area or by water
backing up into the creek from an increased discharge in the
Missouri River. During periods of low flow, isolated pools of
water may be created in the stream's upper reaches. These pools
may have high water temperatures and depleted oxygen in warm

,

weather.

Certain species, such as bluegills, longear sunfish, white

Q crappie, creek chubs, and bullheads, are better able than other
B species to tolerate the type of habitat ecnditions found in

Logan Creek (Hynes, 1972). In the upper reaches of Logan Creek,
p i

_/ where the stream is free flowing, with riffles and small pools,

g -u-



$ typical riffle habitat species - Johnny darter, logperch, and
(31 redbelly dace - are also found. These fish have certain features

j that help them adapt to this type of nabitat: negative buoyancy,'

created by the absence of swim bladders, or modified fins, which
allow the fish to stay in the riffle current.

There were two sampling stations, D and E, on Logan Creek.
Station D was located on the Missouri River floodplain, downetream
from the confluence of Logan and Mud Creeks. The most abunda "
species at this station were the bluegill sunfish, a sport species,

g and the gizzard shad and mosquitofish, both forage species. Other
B' sport species found at Station D were the white crappie, large-

mouth bass, and one fingerling freshwater drum. Other forage
species collected were the blackstripe topainnow and the brookI silverside.

Station E was located in the creek's upper reaches, which are free-

I flowing, with riffles and small pools. Three forage species, the
stoneroller, bluntnose minnow, and blackstripe topainnow, were
the most abundant species. Other forage species collected at

g this station were the redfin shiner, southern redbelly dace,
5 logperch, sand shiner, and Johnny darter. Game species captured

were the bluegill, green, and longear sunfish, the bluegill-
green sunfish hybrids, and the brown bullhead (classified in
Missouri as rare: Miller, 1972).

Mosquitofish were the most abundant species found in Logan Creek,
( - comprising over 20 percent of the total nurter collected,

although it was found only at Station D. The cecond most abundant'

species was the bluegill sunfish, which comprised over 16 per-
cent of the total. Captured bluegills ranged from 98-174 mm
total length. The blackstripe topminnow, comprising over 12
percent of the total, was the third most abundant species. The
gizzard shad, bluntnose minnow, and the stoneroller were alsoe

C among the more abundant species. The bluntnose minnow was found
only at Station E. Green sunfish comprised about 4 percent of
all fish collected. About 3 percent of captured fish were
longear sunfish; these ranged from 92 to 139 mm total length and
were 1 to 2 years old. The largemouth, the brown bullhead, the
carp, and the river carpsucker comprised the remaining species

@ collected. The carp and river carpsuckers were present in very
B low numbers (Table 2.3.6-6).

7 Altogether, 27 species from 11 families were collected from the
'h two Logan Creek stations during July, September, and December,

1973, and February, 1974 (Table 2.3.6-2). Larger numbers of
fish, as well as more species, were collected in July than in
the other sampling periods (Table 2.3.6-6); this may nave
reflected recent spawning activities, because many specimens'

collected were young of the year. By September, spawning had
y ended for most species; fish that had migrated to tributaries
4, like Logan Creek to spawn had probably returned downstream.
.

J
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2.3.6.2.3 Food Habit Studies

( A total of 11 stomachs from fish captured in Logan Creek during*,
July and September were analyzed for stomach contents. The
results are summarized in Table 2.3.6-7. No stomach samples were

'

taken in December or February.

'

Two of the 11 stomachs were empty, but the remaining nine primar-
ily contained beetle larvae, crustaceans, and dipterans. Only
seven different types of organisms were identified. This low
number of fish food organisms in Logan Creek samples relative to

I. Missouri River samples probably reflects the difference in
numbers of stomachs examined.

8
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TABLE 2.3.6-1
.~h
v' THERMAL TOLERANCES OF CERTAIN FRESliWATER FIgliES

. AS DETERMINED BY 1ABORATORY EXPERI!1EST3

Acclimation Final Lethal
Temperature F Temperature F

Shovelnose sturgeon - 82.4 - 86.0

Paddlefish - 82.4 - 86.0
b

Longnose gar - 96.8 -100.4

Shortnose gar - 96.0 -100.4
c

Gizzard shad 86.0 96.6

89.6 - 93.2Skipjack herring -

Carp - 96.6 -100.4

Sicklefin chub 86.0 - 89.6'-

Stoneroller - 89.6 - 93.2

River carpsucker - 86.0 - 89.6

Largemouth buffalo - 89.6 - 93.2

Smallmouth buffalo - 89.6 - 93.2

t Blue catfish - 93.2 - 96.8

Black bullhead - 93.2 - 96.8

93.2 - 96.SYellow bullhead -

d
Channel catfish 77.0 93.2

Flathead catfish - 93.2 - 96.8
0

Mosquitofish 95.0 96.6

htite bass - 86.0 - 89.6
d

Largemouth bass 86.0 101.5

Green sunfish - 93.2 - 96.8

Longear sunfish - 93.2 - 96.8
d

Bluegill 86.0 93.2

b'hite crappie - 93.2 - 96.0
b

Freshwater drum - 93.2 - 96.3

a
All temperatures from Bush et al. (1972), except those
otherwise noted.

bEstimated from data on nearest related species.
> c

Battelle's Columbus Laboratories (1971).

d'urtz and Renn (1965).
>

b
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TABLE 2.3.6-2 (Continued)

FAMILY Missouri River Logan
a MRE'D D&Mc CreckdSpecies Common Name Pflieger

CATOSTOMIDAE (Continued)
Ictiobus cyprinellus Largemouth buffalo X

Ictiobus bubalus Smallmouth buffalo X

Moxostoma duquesnei Black redhorse X

Moxostoma erythrurum Golden redhorse X X
Moxostoma macrolepidotum Northern redhorse X

ICTALURIDAE
Ictalurus furcatus Blue catfish X X
Ictalurus rpe.las Black bullhead X
Ictalurun natalis Yellow bullhead X X
Ictalurus nebulosus Brown bullhead X

Ictalurus punctatus Channel catfish X X X
Plyodictis olivaris Flathead catfish X X X
Noturus exilis Slender madtom X
Notorus flavus Stonecat X

CYPRINODONTIDAE
Fundulus catenatus Northern studfish X
Fundulus olivaceus Black spotted topminnow X
Fundulus notatus Blackstripe topminnow X X

POECILIIDAE
Gambusia affinis Mosquitofish X X

ATl!ERINIDAE
Labidesthes sicculus Brook silverside X X

PERCICilTilYIDAE
Morone chrysops White bass X X X
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TABLE 2.3.6-3

NUMBERS AND SIZE RANGES (TOTAL LENGTII IN MM) GF FISH TAKEN
FROM THE MISSC3RI RIVER DURING EACH SAMPLING PERIOD

Total All Percent of
Species July September December Surveys Total Catch

Chestnut lamprey 5(31a-325)" 5 0.8
Shovelnose sturgeon 1(618) 5(347-642) 6 0.9
Longnose gar 1 10(562-93!) 1(653) 12 1.9
shortnose gar 2(542) 9(435-608) 11 1.7
Gizzard shad 5(129-325) 116(78-388) 297(72-329) 418 65.8

Skipjack herring 2(302,346) 13(134-375) 15 2.4
Goldeye 3(92-248) 3 0.5
Mooneye 3(211-296) 3 0.5
Northern pike 1(670) 1 0.2
Carp 23(205-545) 27(277-668) 50 7.9

bEmerald shiner qualitative ,

Fedfin shiner qualitative
River carpsucker 1(445) 23(168-427) 5(132-443) 29 4.6
Quillbeck 1(3cC) 3(390-476) 4 0.6
11ighfin carpsucker 1 1 0.2

Longnose sucker 1(494) 1 0.2
Uhite sucker 1 1 0.2
Largemouth buffalo 3(426-512) 3 0.5
Smallmouth buffalo 1(165) 1 0.2
Blue catfish 1( 4(418-540) 5 0.8

Channel catfish 1 m .) 1 0.2
Flathead catfish 2(L.,,336) 1(204) 3 0.5
White bass 1 1 0.2
Largemouth bass 2(233,510) 2 0.3
Bluegill 1(104) 1(64) 2 0.3
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' TABLE 2. 3. 6-3 (Continued)

Total All Purcent of
Species July September pecember Surveys Total Catch -

White crappie 1(205) 15(188-273) 18(60-286) 34 a.4
Sauger 1(347) 1 0.2
Freshwater drum 3(176-300) 7(194-356) 12(92-363) 22 3.5

.

TOTAL ALL SPECIES 19 217 399 635

.

"All length data available is included in parentheses.
b
ilo numerical dath were recorded.
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TABLE 2.3.6-6

IJUtiLCitS AND SIZE im!1GICS (TOTAL LEtlGTil Ill fiM) OF F .Gli TAKEt1 FROM
1,0GAf1 CFEEK DUPI!;G EACll SAMPLIlJG I'ERIOD

Total All Pe cent of
Species July September December February, Surveyn Total Catch

Goldeye 3(138-156) 3 0.9

Gizzard shad 17 ( 4 0- 16 2 ) ^ 10 27 7.0
Carp 5(109-157) 5 1.4

Redfin shiner 5 5 1,4

Sand shiner 1 1 0.3

Pcd shiner 1 1 0.3
Southern redbelly dace 4 4 1.2

Bluntnose minnow 12 12 24 6.9

Stoneroller 15 1 16 4.6
River carpsucker 6(59-119) 6 1.7

uui11back qualitative'
Yellow bullhead 8 2(143,214) 10 2.9

brown bullhead 2(114,118) 8 10 2.9

Blackstripe topminnow 5 15 23 43 12.4

riosquitofish 20 25 25 70 20.2

I! rook silverside 5 5 1.4
Largemouth bass 6(55-220) 2(147,149) 1(266) 9 2.6
Green sunfish 2 5(111-178) 7(74-198) 14 4.0

Longear sunfish 1(125) 4(92-127) 6(96-139) 11 3.2

Bluegill 20 10(139-174) 3(90-103) 16(S'-155) 57 16.5

Bluegill-green sunfish
hybrid 2(101,110) 2 0.6

White crapple 8 (llt-17 3) 3(65-LEO) 11 3.2

Legperch 3 1 4 1.2

Stippleu carter 1 1 0.3
Johnny darter / 4 6 1.7

lowa darter qua1itative
rreshwater drum 1 1 0,3

'IUTAL ALL LPEClES 150 63 39 74 340

"All length cata available is included in [,a ren t he se s .

I've nurse r i cal da ta were recorded.
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TAI 1LE 2.3.6-7

ITEM ANALYSIS OF STOMACil CONTENTS OP PISil FROM LOGAN CREEK COLLECTED DURING
JULY AND SEPTEMBER, 1973 (NUMBERS REPRESENT PERCENT OF WEIGIIT)

010 1

TOOD ITEM

Number of Number of Unidentified Mean
Fish Stomachs Empty organic Weight / Total

Species Examined Stomachs odonata Epherneroptera itemiptera Coleoptera Diptera Crustacea rish Material Stomach Weight

Largemouth
Bass 2 1 21 79 0.14 0.14

White
Crappie 4 0 14 31 41 14 0.07 0.29

Ilybrid
Sunfish 3 1 21 79 0.55 1.11

September _

Logperch 2 0 60 40 0.17 0.35

TOTALS 11 2



2.3.7 ECOLOGICAL SUMMARY

The abundance and diversity of aquatic' biota near the site have,

} been limited by naturally occurring excessive turbidities and
,

g fluctuating water levels. Low primary productieity has resulted
from heavy silt loads, which reduce the amount of light avail-
able for photosynthesis by phytoplankton organisms. Because

i these small organisms represent an important aspect of the aquatic
food web, their low productivity is similarly reflected in higher
trophic levels. As with plankton, fish and macroinvertebrate
productivity near the site is relatively low compared to other
large river systems, although nutrient levels are sufficiently"

high to support larger aquatic populations. "ost of the nutrients
y apparently are obtained from allochthonous materials transported
W to the aquatic system.

Human activities have modified the aquatic ecology by further
j increasing the turbidity, channelization of the Missouri River,

acid mine and agricultural runoffs, and municipal and industrial
effluents. Channelization has resulted in the elimination of
backwaters and marshy areas valuable as aquatic habitats. Because'

,

of this, relatively unpolluted tributaries, such as Logan Creek,
have become increasingly important as aquatic habitats, especially
if they provide spawning and nurscry sites for fish.

Discharge appears to be the major influence on Missouri River water
quality. During the present survey, turbidity and suspended solids-

,
q ganerally varied directly with river discharge, while total

'

dissolved solids and conductivity varied inversely. Recorded maxi-
mum historical values for chemical oxygen demand (COD) , turbidity,

i total dissolved solids (TDS), and total iron were exceeded in the
' '

river during April, 1973. These values were extremely high be-
cause the data were collected during a near-record flood, when

y runoff was unusually high. Although, as mentioned previously, TDS
J values generally decrease during flood conditions, sudden increases

in discharge, such as occurred during April, produce first water
y higher in mineral content than the dilute runoff water. Low pH

g values were recorded during April; they fell below the state
standard of 6.5 at one station. These low values nrobably resulted
from acid mine runoff upstream from the site.

_

d The state standard for fecal coliform bacteria (2000/100 ml) was
exceeded at four stations la April, one station in September, and

3 all six river stations in July and December. Fecal coliform
J bacteria are indicative of relatively recent pollution. Histor-

ically, and during the survey, the heavy metals, copper and
cadmium, were found in concentrations that may be toxic to aquatic
t+ganisms. Whether and to what extent this will effect the
Missouri River biota depends upon the extent of their exposure
to high concentrations and the presence of other stresses,

f Chlorinated pesticides were present in April, but only in low
M. concentrations. Analyses for specific pesticides in July, Septem-

S ber, and December samples showed all concentrations to be below
detectable limits.-

-k5-
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3 Data from the present study indicate that water quality is gen-
2' erally higher in Logan Creek than in the Missouri River. Chemical
kj concentrations are cenerally lower in the upper reaches of the

] creek than nearer the river, but fecal coliforn counts are higher
a in the upper section, reflecting human in fluence. Low pH and

dissolved oxygen values were recorded for the lower section of
the creek; thic condition may limit aquatic productivity.g

'(.
#

Relatively low phytoplankton and =coplankton levels in the Missouri
Ri .er near the site apparently are related to high current velo-

[ cities, excessive turbidities, and a lack of adjoining lentic
waters. Seasonal fluctuations in plankton populations during the'

present study are typical of large temperate rivers in which

l] populations almost always shoa a summer maximum and winter mini-
J mum. An inverse relationship between plankton numbers and flow

was also found throughout the present study. The plankton compo-
sition of the Missouri River is also typical of temperate stream
and reflects seasonal variations in temperature and light. Green
and blue-green algae attained their maximum development during
the warmer months, while the phytoplankton communities in winter
were largely composed of diatoms. Most of the principal taxa
collected during the July, September, and December surveys are
classified as true plankters. However, the principal taxa collect-

9 ed in February were all benthic diatoms, reflecting the scouring
h effect of the high discharge. Rotifers attained their maximum

densities in the warmer months and were particularly abundant in
September zooplankton samples. Higher ratifer densities are
usually associated with warm water of high clarity and low turbi-

'

dity, conditions prevailing during the September sampling period.
Copepod crustaceans were the most nunerous cooplankters in
December and February; apparently temperature is not a controlling

' factor in their distribution. The principal zooplankton taxa
were primarily planktonic.

Plankton populations in Logan Creek during July and September
were substantially higher than in the Missouri River. The more
stable substrate, lower current velocities , and lower turbidities
of Logan Creek appear to be more f avorable for plankton. Winter
phytcplankton populations in the creek were similar to those in
the Missouri River, while winter zooplankton populations were
slightly lower. Phytoplankton was consistently more abundant
upstream than downstream, probably reflecting the more favorable
rock and gravel substrate upstream.

u
e

Vascular hydrophytes are completely absent in the Missouri River,i

their absence being caused by excessive turbidity, fluctuating
water levels, and the instability of fine substrates. Hydrophytes

7

'

have been found in Logan Creek, although they are sparse. Their
presence here can probably be attributed to the creek 's more
stable substrates and lower turbidities, since these factors

3
j favor plant colonization.

(/ The species composition, diversity, abundance, and standing crop
of benthic organisms in the Missouri River are low. Major factors

L6-



y limiting benthos appear to be channelization and reduction of

2-] favorable habitats, flooding and high water velocities, excess-
(j ive turbidity and shifting substrates. The effects of some of

these factors were apparent at the sandy-bottomed, mid-channel3
k benthos stations, which had a lower species diversity and biomass

than the north shore benthos stations. Although improved con-
ditions, lower currents, and more silty substrates characterized

h north shore stations, species composition and densities were
still low. Species diversity indices suggest that the Missouri
River mid-channel stations were grossly polluted, while north

ph
shore stations were moderately polluted. Pollution, in this con-
text, refers to physical stresses such as high current velocities,
excessive turbidity, and unsuitable substrates. Chemical stresses
occur in the river, but their effects on the benthos in the study
area appear to be minor. Burrowing dipteran larvae, oligachaete,
and mayfly nymphs, which are adapted to survive turbid high flow,
conditions, were generally numerically dominant in the samples,
but coleopterans, trichopterans, odonates, and pelecypods were
also collected.

3 Benthic densities in Logan Creek were higher than in the Missouri
3 River, but their numbers were still low compared to other systems.

The downstream station was numerically dominated during all
sampling periods by oligochaetes, while dipterans, mainly
chironomids, were the second most abundant group. The upstream
station was dominated by dipterans during July and September,
while oligochaetes became dominant in December and February.
Species diversity indices suggest that the downstream station is
moderately polluted and the upstream station is unpolluted. The
lower species diversity at the downstream station probably re-

J flects its location in the Missouri River floodplain, where b athos
d are subject to high temperatures, lower dissolved oxygen, gr" ter

turbidities, and more pronoanced water level fluctuations than
benthos upstream in Logan Creek, where water quality is higher.

The fisheries of the Missouri River near the site are limited by
high turbidities, swift currents, and unstable sand and si: t
substrates. These adverse factors act not only directly, but
also indirectly by limiting the production of planktonic and
benthic fish food organisms as previously discussed. During the

Q present study, 28 fish species representing 13 families were
E collected. The gizzard shad was the most abundcnt species collect-

ed in the river near the site and comprised about 66 percent of
all fish collected. Condition factor analyses of gizzard shad
revealed low values (compared with other studies). These low
condition factors were probably related to the conditions restrict-
ing production of fish food organisms. Carp was the second most
abundant species, though it comprised only about 9 percent of the
total catch. From 1965 to 1971, carp was the most abundant species
in commercial catches from the Missouri River. The white crappiej "a^ .he most abundant sport fish collected during the survey and

3, L d most abundant of all species captured, comprising about
L 2' .nt of t'e total. Catfish are the sport fish most frequent-, y

},v ly - _ iw in the river near the site, but only a few were collected

k

-kT-



during the survey.

_

Because of habitat changes in the Missouri River, small streams
y like Logan Creek have become increasingly prominent as spawning
Q and nursery areas for fish. During the present study the fish

fauna of Logan Creek was almost as diverse as that of the Missouri
,

.- River near the site. Twenty-seven fish species from 11 families
': were collected. Compared to the Missouri, Logan Crcek generally

has lower turbidity, slower waters, more varied substrates, a
greater abundance of fish food organisms, and at least some vege-

>| tation that could provide fish with food and protection.
' ' Mosquitofish and bluegills were the most abundant species collect-

ed in Logan Creek, comprising over 20 and 16 percent of the total,
respectively. Species collected included '.he brown bullhead,
classified in Missouri as rare.
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8
2.4 CONCLUSIONS AND RECOMMENDATION

The Missouri River is in an early stage of maturity, as indica-
(- ted by meandering channels, eroding-banks, channel scour, and
''' high sediment content. This river has been called " Big Maddy"

}%
and " Muddy Mo" because of its high turbidity. The river near
the site exhibits many existing stresses, the majorit" of which
have resulted frca human activities. The prime strer :es af f ect-

g ing the aquatic ecology near the site include excessice turbid-
g ity, channelization of the Missouri River, acid mine and agri-

cultural run-offs, and municipal and industrial effluents.
These factors have all directly or indirectly contributed to the

#, reduced production and low biotic abundance and diversity within
the Missouri River.

Major factors influencing the aquatic system near the site apnear
^ to be channelization, turbidity, and surface run-off. Turbidity

and water quality changes from surface run-off are directly re-
g lated to channelization. Channelization results in a more in-
6 mediate transport of run-off water downstream and prevents

normal modification of water quality. Channelized water, having
a greater velocity, reduces the possibility of suspended parti-

? cles settling ctt of the water column and increases the crosional
potential that results in higher turbidities. Channelization
also has resulted in elimination of productive backwaters and

h marshy habitats. Because of this, tributaries to the Missouri
8 River have become increasingly important as aquatic habitats,

especially if they provide spawning and nursery sites for fish.

The plant intake and discharge structures were located so as to
minimize any of the Callaway Plant's adverse ecological effects,

.
especially with regard to Logan Creek. The intake structure was

.c designed to reduce impingement of fish and the discharge efflu-
ent to meet water quality standards. Because of these construc-
tion and operational considerations, and the already limited

k) biota production in this section of the Missouri River, no major
impacts are anticipated.

g It is recommended, however, that aquatic monitoring be continued
g during the construction and operation phases of the project to

determine their effects, if any, on the aquatic ecosystem. Mon-
itoring will provide a basis for mitigation measures should ad-
verse impacts occur.
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3. TERRESTRIAL ECOLOGY

3.1 INTRODUCTION
s

Terrestrial biolocical sampling of the Callaway Plant site, lo-
cated in central Missouri, was conducted for the Union Electric
Company, St. Louis, Missouri, between April 15, 1973, and
February 15, 1974.

The Callaway Plant site is located in Auxvasse Township (T46N-R8W)
in the southeast corner of Callaway County. The small town of
Reform, 5-3/4 miles north of and 350 feet above the Missouri River

,

on Coates Plateau, is located within the site boundary. The
General Study Area, shown on Figure 3.1-1, included approximately
10 square miles of plateau and forested slopes. Within these two
habitat types is a wide variety of terrain; this helps to produce
the great diversity of flora and fauna found in this area of Mis-

E souri. A smaller area located with the General Study Area and
E designated the Intensive Study Area was the focus of the sampling

program intensive field studies. Most surveys and all trapping
were performed within the Intensive Study Area boundaries. Samp-
ling was conducted during the spring (April 15-21), early su =er
(June 18-27), late summer (August 28-September 6), and fall (Nov-
ember 5-14) of 1973 and the winter (February 11-18) of 1974.

,

Cash cropping and beef production are principal land uses on the
plateau, and beef production is the primary enterprise on forested-,

( l)
slopes. Soils on the plateau, although well-structured,are gener-
ally poor for production of most agricultural crops. Soils on<

slopes are not used for cash crops because they are rocky, and the
g terrain is too steep for farm machinery. Drainage from the plateau

hi is north into Cow and Auxvasse Creeks, west into Mud Creek, aM
east-southeast into Logan Creek.

The 1-year ecological study conducted during 1973-74 on the Calla-
way Plant site served three major purposes: 1) to record and de-
scribe "important" species of flora and fauna utilizing the site
area during the four seasons of the year; 2) to provide baseline
data that could be used to develop a n.onitoring program for de-
tecting the effects of plant construction and operation on the
environment; and 3) to of fer reco:=endations to the Union Electric
Power Company concerning the effect of construction on any " unique"
or unusual habitats, animals, or combination of these two life
forms found within zones of direct imoact.

1 The results obtained from the initial spring and summer field sur-
veys were not fully adequate and this precluded a thorougn analy-
sis of wildlife populations (diversity and abundances) utilizing
the site area, particularly areas within the zone of direct impact.
There were two reasons why the initial data were not fully adequate.
First, the spring sampling was restricted to an area about 2 miles
from the geographic center of the site. Subsequently, after access

N to the actual site had been obtained, sampling points for plants_,

, -1
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m and animals were shifted to areas within the actual site environs.

h Data collected from these new points showed that much of the
\ / previously collected data were of limited value. Second, since

.
the investigators had been instructed not to mention the site

fg location, they did not contact any of the local residents who
4 might have been of help in the overall sampling program. This and

the restricted land access limited the amount of information
gathered about the specific site area.

But in spite of these circumstances, the vegetation and wildlife
g sampling was able to provide an overview of the ecology of the
g area, including species abundance and general habitat types. This

information enabled a preliminary assessment of the site to be made
and contributed baseline information necessary for development of a
monitoring program.

This portion of the report is divided into five major sections:
Introduction, Methods, Results and Discussion, Conclusion and
Recommendation, and References. Most major sections are divided-'

into subsections, the number of which depends on the complexity
3 of the subject matter. The Methods and the Results and Discus-
j sion sections are subdivided by broad terrestrial parameters

(Soils, Vegetation, Mammals, Birds, and Amphibians and Reptiles).
The Results and Discussion section concludes with an Ecological
Summary of the material in that section. The text then ends with
a Conclusion and Recommendation section that offers a description
of the anticipated effects of plant construction on the environ-

3) ment.

B

B

1

8

3

8

8~..

-2-



I i i i (
#I il i I I

( s s n '
's N r - - -

- - - - - - - --4

i t----- s _ - --- ,i
s ,

|
p-,I; A :

/>
I ^~4 I | : ,

# d
~| / r j'

3 .J. - - , L - - 4' ~ ~ ~ ~ .\~

1 ,L|'
'

; g-
i

j' ' 7 1. ,i'

|,/ \ r%ts '-
i

'

\ '~ / \,'l !/y,/ \ q%
s -,

- < . . s
:
8 F ULTO N L '' . .).q

, -- tt

I, e ', ,{' (%'N h- ,,f

~~ K ,. f--
**

,s' t

/ ,4 \- r- Ns

---6,__s i

( , s. 3 s f %

'h , s
, -

) b "%i p' I

- -- i- < ts i s -as

\
} 'g/f

L. s ' 's ! '- ' GENERAL STUDY

-i N | / AREA
'i % 1

N / 's I /
L , , ,4 /'I /

L ./
%''

%
_ ,,,

" , s, MILES
0 5 to

'

I h
-

__

j~

'
,

FIFFENCE: Mt.P U LwN F T.C P
g A RE DUCT iUN C F A P l5 50; I

[ d
-

$ FATE blCHwAY LEFLATNENT
CENERAL - I CH-| A Y P/ P CF

'

~
-

CALL AWAY CCL'NTY,Pl5 50VP l

---

V r
%'

g'

3
- [
,

'3

UNION ELECTRIC CO.
CALLAWAY PLANT

h UNITS 1&2

'Q
- TEREE$TRLAL ECOiOGY GENERAL STUDY

AREA , C AL L AWAY COUNTY , Mt SSOU R I

Figure 3 'l - 1
;



3.2 METHODS
@,

3.2.1 SOILS

% Basic information about the physical resource areas and soil
'4 series for the Intensive Study Area was obtained from the Soil

Conservation Service, (1972c). This information has been trans-
formed to show the relationship of resource areas to the Intensive
Study Area (Figure 3.2.1-1).
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. 3.2.2 VEGETATION

( ''. Vegetation sampling in the Intensive Study Area was conducted
from April to September, 1973. Sampling locations were selected
following field reconnaissance and aerial photograph interpreta-

- ' tion. Overstory, understory, and herbaceous vegetation was
sampled in the forests, while herbaceous vege tation alone was

q sampled in the old field and pasture. Taxonomic identifications
j were made by the Dames & Moore staff and verified at the Missouri

Botanical Garden. Nomenclature follows Fernald (1970). Voucher
specimens of plants found on the site were collected and placed
on file at Dames & Moore, Chicago.

3.2.2.1 Forest

Forest vegetation was sampled along eight transects (Figure
3.2.2-1). The number of sampling points established along each

, transect varied according to the number cf samples required to
a sample each community adequately; species-area curves were

developed to establish the number of samples neccssary.

The number of sampling points and the distance between the ucints
for each transect are as follows: FT - 21 points, 100 feet

1

apart; FT - 19 points, 100 feet apart; FT - 10 points, 1503a

b(, feet apart; FT - 10 points, 100 feet apart; FT, - 15 points,
a b' FT - 15 points, 100 feet apart; FT, - 10 points,100 feet apart;

3

100 feet apart; FT, - 15 points, 100 feet apart; and FT - 10
e

points, 250 feet apart.

The forest overstory was sampled by the point-center quadrat
. method of Cottam and Curtis (1956). Density, dominance, and
0 frequency were measured for each woody species greater than

1 inch in diameter at breast height (d . b. h. ) . These three param-
eters were then converted into their respective relative values
and combined to yield an Importance value (IV) for each of the

" species encountered. The Importance value was used to assess
the relative importance of each tree species in each forest

1 community type.
f

The forest understory along transects FT to FT, was measured
3

g by nested quadrats (Cox, 1967) at randomly selected points

3
along each forest transect. The density and frequency of woody
understory species less than 1 inch d.b.h. but greater than
18 inches in height were recorded in 13.1 x 19.7-foot quadrats.

)d Woody groundlayer species less than 13 inches in height were
recorded in 6.6 x 16.4-foot quadrats.

a The forest understory along transect FT, was sampled differently
y to better quantify the diverse and abundant small woody and

herbaceous species. All woody species greater than 24 inches in
, ,

height but less than 1 inch in d.b.h. were recorded in
i 16.4 x 16.4-foot quadrats and woody species less than 24 inches

in height and all herbaceous species were recorded in'-

' 3.3 x 3.3-fcot cuadrats.

_4_
m



Herbaceous vegetation along these forest transects (FT; to FT e}
,

k was measured by a modified line intercept method of Oosting
2, (1956). At randomly selected points along the forest transects,

a 49.2-foot tape, subdivided into 30 equal intervals, was used

q to measure the frequency of herbaceous vegetation occurrence.
Ed Relative frequency was calculated from the frequency of plant

occurrence.

3.2.2.2 Pasture and Old Field

Two pastures and one old field were sampled (Figure 3.2.2-1).

4]
(An old field is a field where vegetation has been disturbed
by man, then abandoned, and is now reverting to its natural state. )
Sampling techniques were quadrats (sample location GO, Figure

Q 3.2.2-1) and a modified line intercept method (sample location G).
G Four 3.3 x 3.3-foot quadrats 100 feet apart were measured in the

pasture (GQ ), and two 3.3 x 3.3-foot, randomly selected quadrats
3

were measured in the old field (GQ ). Vegetative measurement
was of frequency and density.

3.2.2.3 Miscellaneous Observations of vegetation

Voucher specimens of plant species encountered and identified
during the wildlife and general surveys but not collected during

@ the quantitative vegetation surveys were collected by the
B terrestrial ecology field crew. Location, species, and date

of collection were recorded.
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3.2.3 MAMMALS
( .

*

)
Mammals were sampled by the three techniques described below. A
record of all mammals observed during other phases of field work

* throughout the Intensive Study Area was kept by the investiga-
tors. Recorded information includes species, number of individ-
uals and/or sign observed, date, habitat, and location.

3.2.3.1 Small Mammals

Eight small mammal traplines (method of Kaufman et al, (1971),
each having 15 stations 4 9.2 feet apart, yielding a total of
4,320 trap-nights, were permanently established during the early
summer sampling period for use during successive sampling periods

'
(Figure 3. 2.3-1) . Two Sherman collapsible live traps (9 x 3 x 3
inches) and one Sherman non-collapsible live trap (12 x 3h x 3

g inches) were set at each station along seven of these lines. The
d eighth trapline was set within a pasture; one rat snap-trap and

two mouse snap-traps were us-ed per station to minimize intcrfer-
. ence by cattle, which are attracted to metal traps. Traplines
( were established within several habitat types and along ecotones.

All traps were baited with a mixture of peanut butter and rolled
oats. Cotton balls were placed in each trap to provide bedding
for captured individuals.

Traplines were checked each r.orning for 3 consecutive days. All

f .
mammals collected were identified to species (Burt and Grossen-

E- heider, 1964), weighed (100 g O'Haus spring scale) , measured
(total length, tail length, hind fcot length, and ear length),

g sexed, and examined to determine breeding conditions. The mea-
g surements were used for species identification. Occasionally,

individuals were founc dead in the traps. These were removed,
weighed (Dial-o-gram balance) , and measured as described above.
Individuals collected alive and those found dead constituted the

'

voucher collections.

Q During the spring sampling period, several other traplines were
B temporarily established for preliminary sampling of the site's

small mammal population. During the early summer sampling
g period, one trapline was established along a drainageway to

5 determine whether the low nunber of captures along permanent
traplines should be attributed to sampling metnods or to low
population densities.

'

3.2.3.2 Large Mammals

j A rectangular grid pattern (Figure 3. 2. 3-1) enclosing approxi-
a mately 1.5 square miles was established during the early sunmer

sampling period for trapping large mammals. The actual place-
g ment of traps during any given survey at the theoretical field
g' location was governed by the number of properties to which field

investigators had access. Single-door wire mesh traps (32 x 11,

x 13 inches) were used. Twenty-five traps were used during the

-6-
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early summer 34 were used during the remaining sampling periods.

During all sampling periods, all traps were baited with apples
and bologna, left in position for 3 nights, and checked each

,h morning, yielding a total of 420 trap-nights. Dait eaten by
3 captured individuals was replenished.

Q Each individual captured was identified to species (Burt and
U Grossenheider, 1964), tagged in both ears with metal ear tags,

weighed (Chatillon spring scale), measured, sexed, examined to
determine breeding condition, and released. Recaptures had their
tag numbers recorded or replaced if missing, and physical condi-
tion noted. The Schnabel method of population estimation (Smi th ,
1966) was used to determine population densities for species
having one or more individual recaptures.

3.2.3.3 Evening Automobile Survey

The evening automobile survey was conducted for 3 evenings during
early summer, late summer, fall, and winter sampling periods.

g The survey began 1 hour before sunset on the first evening, at
g sunset on the second evening, and 1 hour after sunset on the third

evening.

The survey route in relation to the Intensive Study Area is shown
in rigure 3.2.3-2. Travel speed was 20 to 30 miles per hour.
The car was stopped only when positive identification of a species
needed to be made. Spotlighting was used to illuminate fields,
ditches, culverts, and creeks. Two investigators recorded the
species, notable activity, and number of individuals observed for

y all mammalian species.
. .
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3.2.4 BIRDS;

<s
g Avifauna was sampled by the three methods described below. A

g record was kept of all birds not expected to be co:monly observed
(gamebirds and those birds considered uncommon sightings) during
the avian surveys. Recorded information included the number of
individuals and/or signs observed and location of each observation.

3.2.4.1 Avian Automobile Survey

During the five sampling periods, an avian automobile survey was
conducted to determine the variety and relative abundance of

g bird species on the Callaway Plant site and adjacent areas. The

g survey also was designed to establish the relationship between
bird activity and the various habitat types found along the auto-
mobile survey route.

The following habitat types were identified along the automobile
survey routa:

Forest - Stands of mixed hardwoods or oaks with their
associated understory species.

Second Growth Forest - A recently cut-over forest or an
advanced sapling-shrub field.

Hedgerow - A strip of shrubs and/or trees, enclosing or
,

separating agricultural fields.=

$ Pasture-Shrub - Those lands used for the grazing of live-
E stock where shrubby vegetation was in evidence

throughout.

Old Field - A field disturbed by man's activities which
has been left to revert to its natural vegetation,
including cropland which has been idle for more
than 1 year and on which uncultivated grasses,
forbs, and shrubs have become established.

d Pasture - Thase lands dominated by grasses and forbs
d where grazing was apparent.

A Creek Bottom - Intermittent creek and strean bottom-
y associated vegetation.

Agricultural Crops - Agricultural fields containing farm
crops other than hay. During the spring, early
summer, fall, and winter surveys these same
fields may have been classed as " Agricultural
Stubble." Crops were primarily wheat, soybeans,
and corn."*

'
e

-8-
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Agricultural Stubble - Agricultural fields containing

the crop residue.
v

Farm Dwellings - A general term for f arm houses, out-
buildings and small dwellings on farm land,

'

whether abandoned or occupied.

g Roadway - The road surface, fences, telephone poles and
B lines, transmission lines, and ground cover

found within the right-of-way.

Hayfield - Cultivated fields where grasses and legumes
are periodically harvested as feed.

The avian automobile survey (method of Robbins and Van Velzer,
" 1967) was concucted by driving along 19, mile-long seaments

on county and state roads (Figure 3.2.3-2). The method out-
g lined by Robbins and van Velzer was modified by conducting the
g survey 3 days instead of I day, establishing more than one

stop point per segment, and daily changing the segment sequence
g of the route and directica of travel through each segment.
g Three stop points, app.oximately 1/4-mile apart, were established

within each of the 19 segments. These modifications were made
to obtain a more accurate index of bird activity within each seg-
ment. Investigators stopped for 3 minutes at a different stoo
point each day. During each stop, the investigators got out
of the automobile and stood by che roadside to listen for and

1 observe birds in the area. All bird species observed or identi-
fied by call while driving or at a stop were recorded by habitat
type and segment. Travel speed was 15 to 20 miles per hour. The
survey began at sunrise and lasted for 3 to 4 hours. Length of

I: time required to complete the survey depended upon the amount of
time necessary for species identification, number of species
observed, amount of automobile traffic along the survey route,
and weather.

Equipment used included 7 x 35, 7 x 50, and 10 x 50 binoculars
and field guides by Peterson (1947) and Robbins et al, (1966).
Taxonomic nomenclature follows the American Ornithologists'

, Union Check-list (1961).
:

'

3.2.4.2 Avian Strip Survey

p Two avian strip surveys (Figure 3.2.3-1) were conducted to
d determine the variety and relative abundance of bird species

using selected habitats at the site. A modification of the
strip census (Pettingill 1970) , the surveys were used to obtain
an index of activity for the more elusive woodland and open-
field bird species in order to supplement the avian automobile
survey data. The census method was modified to yield only

y relative abundance data by discounting the unit area sampled.
db Each survey route was designed to be near the small mammal trap-
() lines and to cross one or more major habitats on the site.

-9-
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(b' The survey began at sunrise and lasred approximately 2 hours
V on each of 3 days. Birds encountered were recorded by species,
[g number and habitat type. Habitat types identified along these
y survey routes have been previously described in Section 3.2.4.1,

with the following additions-

Forest Edge - The abrupt ecotone between a forest and
another habitat where only a very narrow strip
of vegetation exists between the two habitats.

Fallow Field - An agricultural field which is normally
planted to crops but which has been left untilled
this year, generally devoid of stubble and
sparsely populated with herbaceous plants.

Plowed Field - An agricultural field which is planted
in soybeans.

Wheat F4 Old - An agricultural field which is planted in
wheat.

Harvested Hayfield - A hayfield which has been recently
,

harvested.

Several of the classifications listed above are not necessarily
naw habitat ty pe s , but the result of continuing agricultural

f practices which changed the character of the habitats between
sampling period.

! Equipment used included the previously mentioned binoculars and
field guides. Taxonomic nomenclature follows the American
Ornithologists' Union Check-list (1961).

3.2.4.3 Evening Automobile Survey

g An evening automobile survey, consisting of driving along 19
g segments on county and state roads throughout the general rtudy

areas was conducted during early summer, late summer, fall, and
winter sampling periods. The survey ran for 3 consecutive
evenings and began 1 hour before sunset the first evening, at
sunset on the second evening, and 1 hour after sunset on the
third evening. The route was identical to the evening automo-

1 bile survey route described in Section 3.2.3.3. Avifauna data
1 were recorded and handled like the mammalian and amphibian data

collected at the same time.

R

m
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N.5e 3.2.5 AMPHIBIANS AND FIPTILES
e

. . .

Amphibians and reptiles were sampled during the Evening
g9 Automobile Survey, described in Section 3.2.3.3. Species
LC activity, and number of individuals were recorded. A record

was kept of all amphibians and reptiles observed or identified
during all other phases of field studies. Field identification
and scientific nor.enclature follow Conant (1958).
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3.3 RESULTS AND DISCUSSION

P 3.3.1 SOILS AND VEGETATION
{ b'
( ,/ Northern Missouri is covered with glacial drift deposited during

the last glacial period (Krusekopf, 1962). The southern edge of
.-

1 this drift is roughly delineated by the Missouri River. The
terrestrial Intensive Study Area is located on soils derived from
glacial drift parent material. Characteristics of these soils
are given in Table 3.3.1-1.

A major portion of the Union Electric Company Callaway Plant
will be constructed on a Flat Prairie (Figure 3.2.1-1). This
physical resource area is composed of two n.ajor soil types, theC

Mexico and Putnam series. The Mexico series has a brown silt
w loam surface, a silt loam subsurface, and a solum thickness of

20 to 40 inches. The Putnam soil has a silt loam surface, a
m heavy silty clay subsurface, and a solum thickness ranging from

36 to 50 or more inches (Soil Conservation Service, 1972b, 1972d).
L Both soils have a claypan about 17 inches below the soil surface

(Krusekopf, 1962); this restricts leaching of rainwater to
lower depths. During periods of heavy rainfall, water accumulates
in the upper 17 inches. The relatively shallow claypan, which

' restricts both moisture and root growth to the upper soil
horizon, is one of the principle factors favoring developnent

g cf tall prairie grassland. Agriculture, however, is quite

a prominent in the area, very little native prairie vegetation
exists as a result.

( Two other resource areas found within the plant site boundary
are Rough Stony Land and River Hills. Goss series is the major
soil series of the Rough Stony Land resource area. It has a
solum depth of 60 to 90 incbes and gradients ranging from 8 to

45 percent (Soil Conservatici services, 1972a). Menfro is the
major soil series of the River Hills. It has a solum depth of

Q
about 50 to 7C or more inches and gradients ranging from 3 to

S 30 percent (Soil Conservation Service, 1971). Both of these
soils series have a moderate permeability that permits water

g permeation throughout the soil horizons. Consequently, forests

g have developed as the native vegetation on these soils. Because

both the Rough Stony Land and River Hills resources areas have
steep gradients, cultivation is limited, and upland forests are

,,

y" the most common vegetation found on these two resource areas,.

Both resource areas have a potential productivity site index of
60. (The site inden is an expression of forest site quality

) based on the height of a free-grrwing dominant or codominant
d tree at age 50 [Spenser and Thorne, 1972]).

]
The terrestrial Intensive Study Area (Figure 3.2.1-1) is com-

3 posed of about 50 percent prairie and 50 percent forest. A

species list of all plants identified in the Intensive Study
Area is given in Appendix 3 A-1.g

+,

- .
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3.3.1.1 Forest

Forest communities of the site have been classified in accord-
ance with the Society 'f American Foresters (1967) and have
been divided into four forest vegetation types within the Oak-
Hickory Association: oak forest, oak-hickory forest, oak-maple
forest, and black walnut-red cedar forest.

Oak Forests

y The most abundant forest community found a the site was oak
forest; four of the s ight forest transects (FT2, FT3, FTu, and
FT7; see Figure 3.2.2-1) were situated in forests dominated by

1 oaks. White oak was the most important overstory tree species,
j as indicated by an average Importance value (IV) of 34 among the

four stands (Table 3.3.1-2). To compare different stands and
different layers within each stand, the IV has been adjusted to
100 (the highest attained value). Only the most dominant plants
are given in Table 3.3.1-2. Some species were not found in all
four oak stands but were impcrtant within the stand in which
they were found: red oak, white ash, sugar maple, and redbud.
Fragrant sumac (average IV=20) was the only species found in the
upper and lower woody understory of all oak stands (Table

(g 3.3.1-2). Virginia creeper was also common in the lower under-
g story of three stands, with IV's of 30.9, 4.3, and 52.5. Other

species of importance in the woody lower understory of oak for-
ests were Carolina rose, green ash, white oak, and sugar maple.

The variety of herbaceous vegetation differed in oak forest. Two
stands had five species, and one stand had 18 species. Oak for-
est herbs were mostly unidentified grasses, globose cyperus, and
hoa-peanut, with average relative frequencies of 36, 27, and 25,
respectively.

The four oak forest stands vary in their value for wildlife. They
all had relatively little green, seed-producing vegetation and
lacked the cover required by small mammals for survival. Value of
a forest type for wildlife was determined by species composition
and stand density. Forest sampled by transects FT 3 and FT. were
of low value due to the low number of plants in the understory.

] In the zero to 18-inch size class (vegetation utilized by white-
2 tailed deer and cottoncail), only 3,700 and 3,500 stems per acre

were found. This lack of cover and food sources discourages
mice, ground squirrels, and voles. Forest understory along FTa

E had a greater number of stems per anre than the two transects
mentioned above; however, it was low in herbaceous plant
diversity, with only five species present. Forest along FT7

,E was high in value for wildlife; the understory was very dense,
m

-13-
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with 130,000 stems in the zero to 18-inch class. White-tailed
deer, cottontail, small mammals and their predators would be
favored by this last forest type.

U Oak forests, besides producing seedlings and small grains for

Q wildlife, also produce numerous acorns; these are favored by
U white-tailed deer, fox squirrel, gray squirrel, and " wild"

turkey (Martin et al, 1961; Murphy and Crawford, 1970; Bent,
g 1963c; Smith end Follmer, 1972; Korschgen, 1954). Wildlife have

@ been found to respond directly to the availability of acorns
(Goodrum et al, 1971). Availability of acorns influences repro-
ductive success, survival, population size, and condition of
squirrel (Allen, 1943) and deer (Duvendeck, 1962).

Murphy and Crawford (1970) found that white oak forests pro-
@ duced a mean of 34 2 6 pounds per acre of preferred deer foods
E during spring and summer and 24 4 pounds per acre during fall

and winter. White oak forests also produce 15 3 pounds per
g acre of grasses and 19 2 3 pounds per acre of forbs, foods pre-
g ferred by turkey. A few of the preferred deer foods within the

Intensive Study Area are sumacs, sugar maple, sassafras, red
cedar, coral berry, grape, poison ivy, tick trefoil, goldenrod,
and aster. Preferred turkey foods include foxtail, panic grass,
sedge, avens, bedstraw, clover, goldenrod, wood sorrel, smart-
weed, and ragweed (Murphy and Crawford , 1970).

Basing their calculations on pounds of deer food available
during each season, Murphy and Crawford (1970) estimated that

,

16 ! 3 deer per square mile could be supported within the
2 1 deer perd white oak forest type during summer months and 4

square mile during winter months. The difference in carrying
capacity between the two seasons is attributable to die-back
of succulent green vegetation during winter.

Oak-Maple Forest

Two forest stands sampled (FT3 and FTc) were of the oak-maple
type (Figure 3. 2. 3-1) . Although both stands were dominated by

g oak and maple, they differed in species composition. In one
sugar maple and red oak were the two most importantB stand, FT3,

species in the overstory, with Importance values of 28 and 22,
respectively (Table 3.3.1-3). Other trees of importance within

;

1 this stand were white oak (IV=16 ) and hop-hornbeam (IV=9). The
other oak-maple stand, FTc, was dominated by a mixture of white
oak (IV=14) and sugar maple (IV-2 3 ) . Of less community impor-
tance in this second stand were white ash (IV=8) and bitternut
hickory (IV=8).

g' Woody understory in oak-maple forest stands contained many sugar
B maple saplings (Table 3. 3.1-3) . Relative density of these

maple saplings in both stands represented approximately 56 per-
cent of the total number of stems counted. Green ash was alsog

gs, an important upper understory component in both stands, having

(I
)

iI
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I
Importance Values of 14 and 26, respectively. Other important

(fw
species were slippery elm (IV=14 ) and fragrant sumac (IV=9 and
12).v

Woody ground layer in the two oak-maple stands was dominated by
fragrant sumac and sugar maple, with Importance values of 15.3'-

and 12.9, respectively (Table 3.3.1-3). Fragrant sumac was
present in the sugar maple-red oak stand (IV=15 ) but was not
present in the stand of sugar maple-white oak.

Herbaceous vegetation in oak-maple forest stands was sparse.
hog-peanut and Bowman's root were the most important species in
the sugar maple-red oak stand, while grass was dominant in the
other stand (Table 3. 3.1-3) . These two forest stands have been
affected by logging, as indicated by numerous stumps, felled
trees, and '_ack of a developed overstory. The two forests had
3,200 and 6,900 stems per acre in the zero to 19-inch class and
six and four species, respectively, in the herbaceous layer.I Forest along transect FTs has a higher value for wildlife than
that along transect FT3 because of its greater density of under-
story species.

Mast produced by oaks and sugar maple provides food for larger
forest animals during fall, winter, and early spring, while
thick and diverse undergrowth along FTs can maintain high pcpu-
lations of small mammals and birds during summer months.

'

, Murphy and Crawford (1970) found that 62 2 11 pounds per acre of
preferred deer foods were produced during spring and summer in
mixed hardwood forests and 32 5 pounds per acre were produced
in fall and winter. The same forest type produced preferrred

- turkey foods at the rate of 41 6 pounds per acre of grasses
and 45 6 pounds per acre of forbs.

Oak-Hickory Forest

Only one forest transect (FT ) was in an oak-hickory forest typeI

g (Figure 3. 2. 2-1) . Black and white oak were the most important
g species, having Importance Values of 25 and 18, respectively

(Table 3.3.1-4 ) . However, shagbark hickory (IV=13 ) was also im-
portant within tLe community. Canopy closure in this forest was
50 to 80 percent, resulting in a sparse understory.

Woody understory was dominated by coral berry (IV=47). Species
of less importance in the understory included shagbark hickory,
hop-hornbeam, and white oak (IV 's of 12, 7, and 9, respectively).'

Oak-hickory forest woody ground layer was dominated by white oak
4 and coral berry seedlings (IV's of 28 and 23, respectively). Un-

$ like the oak forest, the oak-hickory forest contained no fragrant
sumac or Virginia creeper. The herbaceous vegetation in the can-
hickory forest was dominated by a grass with a 46 percent relative,

,q frequency. Globose cyperus was also present, as was pale plantain,
.

Canada goldenrod, violets, rough bedstraw, and rough avens.
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This climax forest has a relatively high value for white-tailed
_ deer, gray and fox squirrel, and " wild" turkey because of the

! acorns and nuts produced by the dominant trees. Murphy and
L', Crawford (1970) estimated a summer deer population density of
Q 29 5 deer per squ,re mile and a winter population of 5 : 1
8 deer per square mile for this forest type. Small mammals,

however, are not favored in the oak-hickory forest because it has
a relatively thin understory and lacks seed-producing plants.

Black Walnut-Red Cedar Forest

The black walnut-red cedar forested ravine bottom (FT,) was
found along a drainage (Figure 3.2.2-1). The most important
overstory species in this forest were black walnut and red

$ cedar, with IV's of 29 and 27, respectively (Table 3.3.1-5).
W Also present, but of lesser importance, were honeylocust (IV=8)

and American elm (IV=9). The canopy closure was small, per-
g mitting high productivity in the lower layers.
8

The understory was dominated by coral berry (IV=42) but also
contained diverse and high-density vegetation in the zero toy

Hy 18-inch class. Two species not previously encountered in other
forest types were found here: common persimmon (IV=16, a"

pioneer woody species) and black walnut (IV=ll). The diverse
herbaceous vegetation in the understory included grasses, elm-

'' leaved goldenrod, daisy fleabane, hog-peanut, wild carrot, and
mad-dog skullcap.

The black walnut-red cedar forest is suitable for a wide range
of wildlife, including white-tailed deer, cottontail, coyote,
cuckoo, and wood powee. Black walnut and common persimmon are

L important food sourcer for white-tailed deer (Murphy and Crawford,
1970) and squirrels (Smith and Follmer, 1972). Murphy and
Crawford estimated a deer population of 16 : 3 deer per square
aile during summer months and 73 29 deer per square mile during
ainter. The increased carrying capacity in winter is directly''

related to the density and diversity of fruit and seed-producing
vegetation.

Of the four forest types found in the direct impact zones on the
Callaway Plant site, the black walnut-red cedar was ecologically,

b the youngest in terms of succession. It also had the greatest
percent of open canopy, the greatest variety and density of her-'

baceous vegetation, and the highest value for wildlife.
,

3.3.1.2 Pasture and Old Field

The site-area non-forest vegetation is classified primarily as
]g agricultural cropland, pastures, and old fields. The two pas--

tures sampled had different compositions. The pasture on the Men-
fro soil (Table 3. 3.1-6) was dominated by buffalo clover (IV=64),

p{} Canada goldenrod (IV=59), and grass (IV=48). These plants are

(/
$
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early seral species in disturbed areas and persist in pastures.
The second pasture (Table 3.3.1-7) was on Mexico-Putnam soil and

7 L' was dominated by inland rush, white clover, Canada goldenrod,
j and elm-leaved goldenrod.

Abandoned cropland is ecologically classified as an old field, a
- very early sere (stage) in plant suggession (see Section 3.2.2.2).

Drew (1942), in his classic paper describing plant succession on
g abandoned cropland in Boone and Callaway counties, showed that a
3 single pattern of plant succession occurs immediately following

abandonment, regardless of the last crop grown. The year follow-

e iD9 abandonment, however, annual weeds do vary in composition and
g abundance according to the last crop grown. In old cornfields,

fall panic grass, large crab grass, and common ragweed are the
most abundant 1st-year weeds. In small-grain fields, the most
important are common ragweed, fall panic grass, trailing wild
bean, bracted plantain, and horseweed.

g The 2nd year following abandonment produces a number of perennials.
M There is an increase in the two principal old-field dominants,

gray goldenrod and white heath aster. The 3rd year after aban-
g donment, the annual dominants of the first 2 years decrease,
g while the absolute number of species and perennials increases.

After 5 or 6 years, the herbaceous vegetation remains relatively
homogeneous, with only local changes, until approximately 20
years after abandonment. Chief old-field dominants then increase
in importance until the old-field reaches 30 years.

-

@g Many abandoned fields 20 years old or more support a considerablej
B woody vegetation. Development of woody vegetation begins with

the establishment of shrubs and woody vines 5 to 6 years after
g cultivation ceases. Smooth and winged sumac are the most common

5 shrubs invading cropland undergoing natural revegetation; they
become established after perennial old-field dominanta are es-
tablished. Borders of abardoned fields are invaded by trees,
where contiguous patches of forest exist. The establishment of
woody vegetation in old fields is accelerated by the close
proximity of a seed source. The old-field (Table 3. 3.1-8) sam-

g pled during the present study, knotweed, white-cat grass, twice-
E toothed ragweed, roundseed paspalum, and yellow foxtail were

important species, with IV's ranging from 17 to 55.

3.3.1.3 Miscellaneous observations of vegetation

Thirty-eight plant species not collected during regular samplingg

t were collected for voucher sp2cimens. Eastern white pine,
loblolly pine, scrub pine, and scotch pine were found on the
only pine plantation within the Intensive Study Area. Bullace
plum, sassafras, poison ivy, and hawthorn were shrubby-woody
species found along hedgerows created by local farmers, who
allow fencelines and drcinages to develop into weedy and/or

i$ woody vegetation. American ipecac, naked flowering scape
1, trefoil, four-leaved milkweed, and hairy ruellia were found in

(s forest herbaceous layers.. The old-field habitat yielded clammy
ground cherry, common milkweed, large-bracted tick-trefoil, and

yh field garlic. A cumulative list of collected and/or identified
plants appears in Appendix 3 A.

-17-
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TA11LC 3.3.1-1

CllARACTERISTICS OF SOILS FOUND WITIIIN TIIL
INTENSIVE STUDY AREA, CALLAWAY COUNTY, MTSSOURI

Potential Yield
Slope

Gradient Permeability" Shrink / Swell Suitability Corn Soybean Important Site
Serien (percent) (in/hr) Potential an Topsoil _ (bu.) (bu.) Trees Index

Mexico" 1 to 5 <0.05 Moderate Fair 90 40 Upland Oak 54

Putnam' O to 2 <0.05 Low Poor 80 30 Upland. Oak 40

cMenfro 3 to 30 <0.80 to 2.50 Low-Moderate Fair-Good 80-100 30-40 Upland oak 60

Goss 8 to 45 <0.80 to 2.50 Low Poor -- -- Upland Oak 60

a Soil Conservation Service, 1972b.

b Soil Conservation Service, 1972d.

c Soil Conservation Service, 1971.

d Soil Conservation Service, 1972a.

e Soil Survey Staff. 1951. Soil Survey mar - U.S. Dept. of Agriculture Itandbook No. 18, p. 168.
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h TABLE 3.3.1-3

IMPORTANT VEGETATION IDENTIFIED
IN TWO OAK-MAPLE FOREST TYPES

)7 dUpper Lower Herbaceous
a b COverstory Understory Understory Layer

Sample Station Sample Station Sample Station Sample Station
3 Species FT5 FT6 FT5 FT6 FT5 FT6 FT5 FT6
d

Sugar maple 27.5 22.6 34.2 45.6 4.0 12.9
Q Red oak 22.3 3.2 -- -- -- --

G White oak 15.5 41.3 -- -- 6.6 9.1
Hop-hornbeam 8.8 -- -- -- -- --

Basket-oak 5.8 -- -- -- -- --

Slippery elm 3.8 -- 14.1 -- 14.4 --

Redbud 3.7 S.2 8.4 5.3 11.0--

Black oak 3.9 -- -- -- -- 9.1
White ash 7.9 -- -- -- --

- Bitternut
hickory 7.8 -- -- -- --

Red cedar 6.8 7.4 -- 4.0 --
*

g Shagbark
hickory 5.1 3.7 -- 4.9 --

. - Round-leaved
dogwood 2.2 -- -- 4.9 9.1a

Green ash 14.1 25.6 4.9 11.0
Fragrant sumac 8.9 12.2 15.3 --

} Frost grape 8.4 4.9 --

,

4 Hog-peanut 45.4 6.9
Bowman's root 22.7

g Rough bedstraw 15.9
3 Broad-leaved

panic-grass 6.8
Grass 4.6 79.3
Common mullein 6.9
White avens 2.3 6.9

a Woody vegetation greater than 1 inch d.b.h. Importance Value is
y based on the summation of relative density, relative frecuency
j and relative dominance divided by 3.

g . Woody vegetation between 18 inches in height and 1 inch d.b.h.
g Importance Value is based on summation of relative density aid

relative frequency divided by 2.

3 c Woody vegetation less than 18 inches in height. Importance
Jb Value is based on summation of relative density and re.iative
(;/ frequency divided by 2.

d Non-woody vegetation. Value is based on relative frequency.

B
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TABLE 3.3.1-4
(-

,

IMPORTANT VEGETATIOb IDENTIFIED'

IN AN OAK-HICKORY FOREST TYPE (FTy)

dUpper Lower Herbaceous
a b cSpecies Overstory Understory Understory Layer

Black cak 25.4 -- --

g White oak 17.7 9.0 27.7
g Shagbark

hickory 13.1 12.0 9.0
Red oak 10.4 2.7 4.6
Red cedar 7.4 5.3 4.6
Pignut

hickory 6.3 -- --

Hop-hornbeam 1.4 7.2 8.4
Coral berry 47.4 23.1
Black gum 2.7 12.7

'* Grass 46.2

h Globose cyperus 13.5
Pale plantain 5.8
Canada goldenrod 5.8i Violet 5.8

'

a Woody vegetation greater than 1 inch d.b.h. Importance Value
is based on summation of relative density, relative frequency
and relative dominance divided by 3.

b Woody vegetation between 18 inches in height and 1 inch d.b.h.
Importance Value is based on sunmation of relative density
and relative frequency divided by 2.

c Woody vegetation less than 18 inches in height. Importance
Value is based on summation of relative density and relative

' frequency divided by 2.

d Non-woody vegetation. Value is based on relative frequency.

]
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(D)' TABLE 3.3.1-5

IMPORTANT VEGETATION IDENTIFIED
- ALONG A WOODED RAVINE BOTTOM (FTg)

eHerbaceous
a DSpecies Overstory Understory Layer

Black walnut 29.2 11.2
Red cedar 27.2 7.1
American elm 8.6
Honey-locust 7.6 7.5
Red oak 6.3
Slippery elm 5.9

g Redbud 5.5
g Common persimmon 5.0 15.9

Coral berry 41.7
Round-leaved dogwood 5.7
Grass 20.0
White oat grass 10.1
Elm-leaved goldenrod 8.2
Broad-leaved spike grass 7.9
Daisy fleabane 7.6
Hog-peanut 7.3

') Witchgrass 7.2
Wild carrot 5.1
Mad-dog skullcap 5.1

E
a Woody vegetation greater than 1 inch d.b.h. Importance Value is

based on summation of relative density, relative frequency
and relative dominance divided by 3.

g b Woody vegetation between 24 inches in height and 1 inch d.b.h.
3 Importance Value is based on summation of relative density,

relative frequency and relative dominance divided by 3.

?
h c All vegetation less than 24 inches in height. Importance Value is
# based on summation of relative density, relative frequency

and relative dominance divided by 3.
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m)( TABLE 3. 3.1-6

Q HERBACEOUS VEGETATIONa gggtygyg
g OF A PASTURE, CALLAWAY COUNTY, MISSOURI

Relative Relative Relative Importance
Species Frequency Density Dominance Value

Buffalo clover 10.00 12.15 41.44 63.59

Canada goldenrod 10.00 38.46 10.88 59.34

Grass 10.00 12.15 25.90 48.05

Yarrow 10.00 9.31 11.27 30.58i Twice-toothed ragweed 10.00 6.48 2.08 18.56

Baldwin's ironweed 5.00 6.07 1.04 12.11

Blue vervain 5.00 4.86 1.43 11.29

Pale plantain 5.00 2.02 1.94 8.96

Pilose Aster 5.00 2.02 .78 7.80

" Common cinquefoil 5.00 1.21 1.55 7.76

Partridge pea 5.00 2.02 .26 7.28

Little bluestem 5.00 1.21 .39 6.60

,
Wild carrot 5.00 .81 .65 6.46

Hogwort 5.00 .81 .26 6.07

Smooth-seeded 5.00 .81 .13 5.94
wild bean

a sampled by quadrats along GQ , Figure 3.2.2-1.2
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TABLE 3.3.1-7

( HERBACEOUS VEGETATION ANALYSIS IN A
'

PASTURE TRANSLCT G1+G2, CALLAWAY. COUNTY, MISSOURI~

Trequency
of Relative

a bSpecies Occurrence Frequency

Inland rush .96 30.1

White clover .47 14.7

Canada goldenrod .39 12.2

Elm-leaved goldenrod .37 11.6

Clover .30 9.4

Globose cyperus .22 6.9

R Red clover .20 6.3

Low hop-clover .08 2.5

Horse nettle .07 2.2

( Yellow wood sorrel .04 1.3s

Common ragweed .03 .9

Tall ironweed .03 .9

Yarrow .02 .6

Hairy mountain-mint .01 .3

Total 3.19 99.9

0 a Number of quarter-meter intervals within which a species
occurred along two 15-meter tapes,

b Percent.
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TABLE 3.3.1-8,

2

] HERBACEOUS VEGETATIONa ggggygyg
$ OF AN OLD FIELD, CALLAWAY COUNTY, MISSOURI

Relative Relative Relative Importance
Species Frequency Density Dominance Value

Knotweed 6.56 12.31 36.25 55.12
~

White oat grass 3.28 30.28 14.24 47.80
Twice-toothed ragweed 6.56 11.31 14.24 32.11

Q Roundseed paspalum 6.56 12.79 4.66 24.01
M Yellow foxtail 4.92 8.35 3.88 17.15

Rough buttonweed 6.56 4.38 4.08 15.02
Hogwort 6.56 2.83 5.57 14.96
Western ironweed 3.28 2.69 4.14 10.11
Globose cyperus 6.56 1.08 1.36 9.00
Mad-dog skullcap 6.56 1.21 1.10 8.87
Spotted spurge 4.92 1.08 2.27 8.27
Florida lettuce 3.28 2.76 1.42 7.46
Crabgrass 3.28 2.02 .91 6.21

g Horse nettle 4.92 .40 .91 6.23
5 Slender rush 3.28 2.08 .58 5.94

Pink wild bean 3.28 1.01 1.17 5.46
Witchgrass 3.28 1.41 .52 5.21

J Little bluestem 3.28 1.08 .78 5.14
Pilose aster 3.28 .20 .71 4.19
Daisy fleabane 3.28 .13 .32 3.73
Three-sided mercury 1.64 .27 .65 2.56
Yarrow 1.64 .20 .13 1.97
Common cinquefoil 1,64 .20 .06 1.77
Yellow wood sorrel 1.64 .07 .06 1.77

E
Sampled by quadrats along GQ , Figure 3.2.2-1.a
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3.3.2 MAMMALS

A list of all species identified on the site is presented in
Table 3.3.2-1. Species are listed by ecological habitat,
feeding habit, and number of identifications. The number
and species of mammals trapped in the spring, early summer,
and fall sampling periods are shown in Table 3.3.2-2.

The greatest number and diversity of captures occurred in
early summer. Of eight species captured, the white-footed
mouse and the opossum had the highest number of recaptures -
eight and seven, respectively. Deer mice and opossum were
captured during each of the three remaining sample periods.,

t Raccoons were captured only during late sammer and winter.
m

3.3.2.1 Small Mammals

A total of only seven white-footed and 17 deer mice were captured
during 4,320 trap nights in four seasons. All captures of the
white-footed mouse were along hedgerows (Traplines 4, 8, and 9).
Four males, ranging in weight from 15.5 to 25.5 grams, were cap-
tured. The weight of the three females captured had a smaller

g range: 17.2 to 24.1 grams. Deer mice, captured in greater num-
g ber than white-footed mice, were found in a variety of habitats.

Four females and 13 males were trapped in hedgerows, old fields,
and wheat fields. Female deer mice ranged in weight from 10.2

)
/ to 36.0 grams, with a mean of 19.5 grams; males had a range of

12 to 27 grams, with a mean of 19 grams.

In Missouri, north of the Missouri River, the pine vole, meadow
- jumping mouse, ground squirrel, and hispid cotton rat normally

have low population levels (Elder, 1974); they were not cap-
g tured in the Intensive Study Area during any of the four trap-
5 ping periods.

Small mammal populations found in the Intensive Study Area are,
compared to previous population studies, very low. During 4,320
trap-nights, a total of 25 individuals and two species were cap-
tured. These results are far below those found during a less

j intensive study conducted by Elder (1974) in the Tucker Prairie
"

(Callaway County, Missouri) preceding the fall of 1972. Elder's
conclusion, based on yearly trapping, indicates the existence

y of a highly significant, regional small mammal population de-
E cline. An increase in the affected mammal populations is ex-

pected in 1974-1975.

h Cyclic fluctuations in small mammal populations have been
attributed to changes in the variety and amounts of food

I
a ..

)
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(Jameson, 1955), competition (Christian, 1971), habitat

,

Y disturbance (LoBue and Darnell, 1959), and habitat changes

k_wf through succession (Odum et al, 1962). Prairie voles (not
captured, but expected to occur on the site), white-footed
mice, and deer mice are subject to significant population
declines about every 4 years (Godfrey, 1955; Elder, 1974;
Christian, 1971).

3.3.2.2 Large Mammals

The opossum (Table 3.3.2-3) was the species most often cap-<.

t tured during the large mammal sampling program. Twenty
different individuals were captured at least once. Total
population was estimated at 35 individuals during the late
summer sampling period; however, the estimate at 95 percent
confidence limits (Giles, 1971) was not statistically valid
because the estimated population was between 5 and 201

@ animals. A lack of recaptures precluded a population size
E estimate during the remaining trapping periods.

One opossum (No. 1332/1333) was recaptured twice. During
,.

approximately 69 days between sampling periods, this individual,?

recaptured 1/2 mile and 1 mile from its origional point of
.

capturc, added 1.4 kg to its teight. Five other opossum were
n recaptured; each exibited increased weight and movement up to

1/2 mile from the initial capture point.

j The opossum is a wandering solitary mammal whose susceptibility
N to extremely cold winter weather causes fluctuations in abundance

throughout its range and within local populations (Schwartz
g and Schwartz, 1971). Jackson (1961) estimated a population

g density of one opossum per square mile in Wisconsin. Schwartz
and Schwartz (1971) state that an individual opossum may move
up to 2 miles during a night in search of food. Considering

a
g these two findings, it can be assumed that the population

around the Callaway County site was very high during early
summer, when 14 opossum were captured within a 1.5-square mile
grid.

Opossum are omnivorous, feeding on insects, carrion, birds,
y eggs, fruit, and corn (Martin et al, 1961). Stomach analysis

3 by Reynolds (1945) showed that in total volume and frequency
of occurrence, insects are the most important food item.

W

]'
Seven raccoons (Table 3. 3. 2-4) were captured during early summer,
late summer, and winter sampling periods. Males ranged in
weight from 4.5 to 5.9 kg and in total length from 580 to 770

Two captured female raccoon weighed 4.9 and 4.5 kg and hadmm.
a total length of 750 and 500 mm, respectively."

3 Seven different raccoon were captured during the 420 trap-

d. nights; the greatest number captured during any one period was
four. This occurred in both early and late summer sampling
periods.;

N

-19-
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@ Raccoon population density in the Intensive Study Area could not
(d* be determined because of a lack of recaptures. The values ob-
k '* tained per period will be considered minimum densities. Urban

p (1970) estimated raccoon population density in Ohio at 45 raccoons
g per square mile. In a Michigan Study, Stuewer (1943) estimated 20

raccoons per square mile during spring. Compared to these estimates,
our estimated minimum population densities are low even when nat ~-

,E ural variance by season is assumed.

Both plant and animal matter make up the raccoon's diet, including
fruits (persimmon, grape, plum, osage orange, corn, acorns, black-

' berries), crayfish, fish, clams, eggs, and the young of various
aquatic wildlife (Korschgen, 1952). Martin et al (1961) stated

g that oaks, corn, persimmon, pokeweed, and grape were common

3 winter foods. These foods are scattered throughout the Intensive
Study Area.

Four <>ther mammals were trapped only once or twice during the
1973-74 baseline study period (Table 3.3.2-5). A woodchuck, two

cott antail, and a long-tailed weasel were trapped once, and a
striped skunk was captured twice. The low number of captures

2 and recaptures for these species eliminated any attempt to
estimate their population size.

The wildlife captured by trapping exhibit preferences for
specific habitats. The raccoon preferred wooded drainageways

[} located in the northeast and southern portions of the Intensive
p/ Study Area. The opossum sought interspersed habitat type,

such as the flat prairie, where farming practices have produced a
network of hedgerows, old fields and croplands traversed by
drainageways, random scattered farm buildinas, and ponds. The

' cottontail preferred an interface of brushy fields and forest edges
(ecotones) where cover and food were readily available. The
woodchuck, a burrowing animal, favored rocky or sandy slopingI land for its burrow. It feeds almost entirely on vecetative
matter. The long-tailed weasel, a rare species in Missouri, in-
habited thickets, woodlands, and fencerows. A nearby source of
drinking water is a prerequisite in its choice of habitat.

3.3.2.3 Evening Automobile Survey

Six mammals, the cottontail, coyote, opossum, raccoon, skunk, and
white-tailed deer, were identified during the evening automobile

Q survey (Table 3. 3. 2-6) . Two sper,ie s , the coyote and white-tailed
M deer, were not sampled by trapping. Cottontail were usually

observed along roadways at dusk and had 3-day means of four, one,
and two individuals during early summer, late summer, and winter

,

sampling periods. Eleven, three, and five individuals per 19s

miles of road were observed during the above mentioned sampling
periods (an average of 0.6, 0.2, and 0.3 cottontail per mile.) A

similar survey was conducted by the Missouri Department of
' Conservation (1973) along 6,406 miles of survey route. They

,

\, estimated 1.01 rabbits per mile. Comparison of these two values

I
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indicates that the Intensive Study Area supported a smaller
3 cottontail population than is average for the State of Missouri.
J

White-tailed deer were observed only during early summer and fall
sampling periods. The number of deer (7) observed in the fall is

'

lower than the densities expected for the forest types described
in Section 3.3.1.1; white oak, mixed hardwood,and red cedar-
hardwood forest types can support 16, 29, and 17 deer per square

~

I mile in the summer. It is therefore assumed that the upward
trend in deer numbers described by Nagel (1970) will continue,and
that the maximum Intensive Ftudy Area carrying capacity for this
species has not been reached.

3.3.2.4 Miscellaneous observations of Wildlife

Species inhabiting the site but not observed during the more
intensive mammal surveys include bat, eastern mole, fox squirrel,

g gray squirrel, and muskrat (Tatle 3.3.2.7). The bat was ob-
g served during the fall sampling period at a forest edge; its

species could not be determined due to poor lighting. Eastern
mole tunnels were observed at the interface between a hedgerow-
drainageway and pasture.

Fox and gray squirrels were usually observed in hedgerows, along
the forest edge, and within forests. Squirrel populaticns nor-
mally fluctuate from year to year. For example, during a 6-year

T period in Ohio, Nixon and McClain (1969) recorded squirrel popu-
g/ lations of 47, 54, 85, 77, 128, and 22 individuals per 100 acres.
E Burkalow et al, (1970) found similar fluctuations within the

gray squirrel population in North Carolina. Six continuous spring
estimates for 100 acres were 34, 100, 36, 41, 26, and 60. The

' number of squirrels noted during the field work cannot be directly
compared to these estimates -ecause of differences in sampling
technique. Miscellaneous observation is a qualitative technique,
whereas trapping is a quantitative one.
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TA U LT, 1.3.2-1 (continued

Community Type
_ _

Ae ricultural Types
_ _

foten' Typen
_ . _ . _ _ _

1aeture
FEEDING li.5811T Creek Forest crul Old

S.om l'dg r- I '.ca ,L crop;at d F i e lil Farmstead II?dgerow Pondcom"161 Name Forest It t
_

OMNIVORES

U C I
S';riped skank 1" 1 I 2'

Opossum I' 4' l' 1" 7 [2
I I

b
Raccoon 1 3 'C

'

1" 2 r;''

.

CARNIVOREC

I
Longtall wearel I'

c c a a
Coyote 4 y I y

a Sighting, sign.

b Troping.

c Call, odor.
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y TI:1:LE 3.3.2-2

5?ALL AND LAPGE MJdEALS
TRAPPEL IN CALLAWAY COUNTi, M.ISSOURI

Number of Individuals / Period

Common Early Late

-
Nae.e S ur;r - Summer Fall Winter

White-footed ziouse 7 - - -

Dec meuse 5 ' 7 4

Longtail. weasel 1 - - -

M Woodchach 1 - - -

Cottentail 2 - - -

Striped skunk 2 - - -

Opossum
- 17 3 2

,

Raccecn 4 4 1
s _ . _ _ _- __

| IOTAL 29 22
-

7

9-

5

,
a

O
?;t
a

..

O

1

0
.
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'IM!LE 3.3.2 '

OPOSSUM (Didelphi:, meirnupiali s) 'IRAPPED
DUlt1NG FOU't SAMPLIt!G PEftIODS , CALLAWAY COUNTY, MISSOUfu

Tota 1
Tag Weight Length Date

Number Sex (':g) (mm) Trapped Station R5itat Descriution

1328/1329 M 3.5 720 6/41 36 Fencerow adjoining pasture

1332/1333 F 1.5 650 6/21 31 Iledgerow betwcers pasture
and soybean field

a 1.5 650 6/23 19 liedgerow betw. en an old
field and hay field

2.9 670 8/31 35 liedgerow between two olda
fields

1334/1335 F 2.6 690 6/21 35 liedgerow metween ro old
fields

a 3.9 720 11/9 28 Fencerow between pasture
and drainage

1338/1339 F 2.1 610 6/22 19 liedgerow between an old
field and hayfield

a 2.5 610 3/30 30 liedgerow between pasture
and so bean fieldf

1340/1341 M 2.6 720 6/22 14 Iledgerow between old
field and hayfield

a i S 760 8/31 28 Fencerow between pasture
and drainage

Sher * 1
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TAllLE 3.3.2-3 (continued)

Total
Tag height Length Date

Number Sex (kg) (mm) Trapped Station liabitat Description

-b
f. 3.0 820 6/22 35 IIedgerow between two old

fields

1344/1345 P 2.1 740 6/23 3-C Drainage within forent

1403/1404 F 2.1 590 3/30 8 Iredgerow between hayfields

1405/1406c F 2.2 700 8/30 7 Iledgerow between an
old field, hayfield and
pasture

1407/l400 M 1.6 580 8/30 25 IIedgerow between a hay-
fiold and soybean fiold-

1411/1412 M 2.9 690 8/30 12 Fencerow between pasturc
and hayfield

1413/1414 - 1.6 "R0 8/30 4 Drainage in forest

1415/1416 F 1.9 670 b/30 32 Fencerow between pasture
and drainage

1.9 670 9/] 31 liedgerow between pasture,

and soybean field

1421/1422 M 2.2 690 8/31 21 Fencerow between hayfield,
old field and roadway

Sheet 2
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TABLI: 3.3.2-3 (continued)

Total
Tag b'e igh t Length Date

Number Sex (kg; (mm) Trapped Station liabi tat Description _

1423/1424 F 2.9 730 U/:51 15 Forent

a 2.9 730 9/1 18 Iledgerow between a h .1y-
"ield and old fiel .

1425/1426 M 4.2 800 8/31 32 Fencerow between pn.nure
and drainage

1428/1429 F 2.8 710 9/1 2 Drainage in forest

1430/1431 F 3.0 740 9/1 13 liedgerow betacen hayfield
and old field

.c1432/1433 F 2.9 730 9/1 5 Fencerow within pasture

1434/1435 M 1.9 690 9/1 25 IIedgerow between a hay-
field and noybean fi. eld

1437/1438 F 1.9 600 11/8 7 liedgerow between an old
field, hayfield and
pasture

1441/1442 P 2.4 710 11/10 33 Fencerow between hayfield
and drainageway

,

Sheet 3
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TAI 3LE 3.3.2-4

Ri.CCOON (Procyon lotor) TRAPPED DURING
FOUR SAMPLING PI:RIODS , CALLAWAY COUNTY, f11GSOURI

Total
Tag Weight Length Date

Number Sex (Kg) (mm) Trapped Station liabitat Description

1326/1327 M 5.8 580 6/21 13 liedgerow between hayfield
and old field

1336/1337 M 4.5 700 6/21 26 Iredgerow be tween corn field ,
hayfield and old field

1342/1343 M 5.4 770 6/23 13 Iledge row be tween hayfield
and old field

1401/1402 M 5.9 650 8/30 19 liedgerow between an old
field and hayfield

1409/1410 M 5.6 - 8/30 35 liedgerow between two old
ficids

1417/1418 F 4.9 750 8/31 8 Iledgerow between hayfields

--- F 4.5 500 2/17 4 Orainage in fo res t



3
2
-
C

d
n n l
o a- e n
i y i n a
t na nf nra nre;; p eh ey eee eebc
i e ea etb et yws r wd wh wny wnoc t n t ti o ti s
s ea ed d ewn ewe b bn l b b dS D d a e ,d ,n

G wl w i wdn wdaE t oe oe f ol a ol
a ri rr re re,I

I t efd eu t eied eiedI

U i g ct a gf zl gf zlB l

G
S O b dde ns e dyae dyae
T S a

il of Fp W I h gf leariel i ea h
S h IeariI

h gfI

I

M3 e
5 nn,
3
3 Y io 8 66 0 3

T li 1 1 1 1 9 1)

NN pt - - - - - -

3+ OU aa 0 00 5 4 4

OO rt
b CC TS

C
AY

!A(

3 W e"1

1 12 1 1 1
! p/3 DA t 2 22 2 2 2
C NL al // / / /

AL Da 6 66 6 6 6
A r

s 5 MC T
r
% - U
% 2 S ,

l hSS.

3 oD at) 0
. I O t gm - - - 0 - -)

3 OI onm - - - 2 - -
Te(t

i

Nc L'
il, A I'1

3 I

1 I

% A TG t

0 T N h)
I gg 7 - - 3 - -t3

i L iK5 0 - - - -l
. .

l > e(i i

TM W
s%

OA
S(

G x
'

- - F - MSa e l

LU S
B AO
C MF
C M n

AG o 1

MN rir 3
ot e 3I

d cb 1 - 3 5 4i t
l

e U gem / - 0 0 0
s D al u 0 0 0 0

Tl N 3

D o 3

E C 1

Q Pt
l's A l

et
i

T s
;s s a
a e k e
w n wi

c u
e k l
p k s i l

3 S c a i
C u d t a
C h e n t

c p o -
d i t g
o r t n

w o t o o
n W S C L

4EP
!

R
E



B

,

'h

/, TABLE 3.3.2-6
8 ,'

MARMALS IDENTIFIED DURING THE
EVENING AUTOMOBILE SURVEY, CALLAWAY COUNTY, MISSOURI

3
3 Sampling Period

Early Late
Species Summer Summer Fall Winter

Cottontail 12 3 -- 5

Coyote -- -- 4 1

Opossun -- -- -- 1
m
N

4 Raccoon 4 -- -- 2

Skunk 1 -- -- --

White-tailed deer 1 -- 7 --

TOTAL 18 3 11 9

@
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N1
* TABLE 3.3.2-7
;l

e
fat'.ALS IDENTIFIED

DURING FIVE SAMPLING PERIODS, CALLAWAY COUNTY, MISSOURI

Sacpling Period.-
-' Early Late

Species Spring Su-rer Su rer Fall Winter

Bat -- -- -- 1 --

Cottontail 3 24 2 6 6

It
i;g Coyote -- -- 1 1 --

i

Eastern mole -- -- -- -- 1

Fox squirrel 4 -- 4 1 --

Gray squirrel 1 -- -- 2 3

Muskrat -- 1 -- -- --

3
,1 Skunk -- 1 -- -- 1

White .ailes deer 1 4 3 5 --

TOTAL 9 30 10 16 11

8

1

8

1a

g.
'

j
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i
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3
3 3.3.3 SIRDS

Avifauna was sampled to determine species utilizing the site.y

J The total number of species and families identified during the
(*s five sampling periods is shewn on Figure 3.3.3-1. The number
\' of families was relatively constant (range of 8) ccmpared to the
3 number of species. These ranged from 34 in spring to 58 in early
d summer and 38 in winter.

T Cc= mon and scientific names of all species identified are listed -

$ in Appendix 3C-2. A summary of findings of each sampling period
follows. In the discussion of data, "l-day high" refers to the
createst number observed on any 1 day of the 3-day survey; "3-day
E.ean" refers to the average number of individuals identified per
day during the 3-day sampling period.

1

A' 3.3.3.1 Avian Automobile Survey

7 Sprinc

$
Twenty-five species representing 17 families were observed during
spring sampling perio. (Table 3.3.3-1). The red-winged black-
bird, with a 1-day hi 9 , of 317 individuals and a 3-day =can of
218 individuals was the most frequently observed (Table 3. 3. 3- 2) .
Red-winged blackbirds were observed in agricultural habitats

7 (agricul aral stubble, farr dwelling, pasture-shrub and old
d field). Other 1-day highs were 238 and 90 for the common

grackle and meadowlark, respectively. The common grackle had a
3-day mean of 128; 54 percent of these individuals were observed

J in agricultural habitats. The meadowlark had a 3-day mean of
67; 61 of these individuals were identified within agricultural
habitats.

%
Early Summer

Forty-four species representing 22 fami'ies were observed during
'

the early summer sampling period. The nouse sparrow was observed
most frequently, with a 1-day high of 82 individuals (Table

Q 3.3.3-1) and a 3-day mean of 55 individuals (Table 3. 3. 3- 2) with
B 41 of these observed along the roadway. The red-winged blackbird

and ccmmon grackle were again among the three most numerous birds,
with 1-day highs of 50 and 71 individuals, respectively. An

}@ average of 42 red-winged blackbirds was observed during each day
of this 3-day sampling period; an average of 28 birds was iden-
tified along the roadway. Twenty-two species not identified in

,) the spring were observed during the early summer survey. Many
'" of these new species, including woodpeckers, cuckoos, wa.'.blers,

goatsuckers, and swif ts, were insectivorous feeders.
g
4 Late Summer

Thirty-three species representing 18 families were observed
i during the late summer sampling period. The house sparrow was

again most numerous, with a 1-day high of 60 individuals
,

(Table 3.3.3-1) and a 3-day mean of 43 individuals (Table
.

3. 3. 3- 2) . The common grackle was the second most numerous

-22-



species observed, eith a 1-day high of 44 sightings and a 3-day

} mean of 16 individuals. Unlike the previous two sampling peri-

(d4
ods, no red-winged blackbirds were observed during this 3-day
survey. Other species with relatively high 3-day means include.

the common crow (19), bluejay (13), and mourning dove (17).

Fall

Thirty-two species representing 18 families were observed during
the fall sampling period. The slate-colored junco, with a 1-day
high of 105 individuals, was the species most cc=monly observed
(Table 3.3.3-1). Its 3-day mean for the fall period was 59 indi-
viduals (Table 3.3.3-2). The slate-colored junco was first
sighted at the Callaway Plant site during this period. Other

g species with significant 1-day highs include bluejay (39),
g common crow (32), starling (74), red-winged blackbird (50), and

American goldfinch (49). Their 3-day means for this period were
27, 23, 33, 17, and 30, respectively. Agricultural habitats

,

) again supported a larger percentage of identified birds.
Species not jreviously observed include winter residents such as
cedar waxwing, slate-colored junco, tufted titmouse, and white-
crowned and white-throated sparrows.

Winter

{
L Twenty-five species representing 13 families were observed dur-

ing the winter sampling period. The starling was most commonly
cbserved, with a 1-day high of 155 individuals (Table 3.3.3-1)

' and a 3-dav mean of 74 individuals (1 ale 3.3.3-2). All but onej .

of these individuals were observed in agricultural habitats.
.

The slate-colored junco, bluejay, and common crow again were
species with significant 1-day highs: 113, 63, and 50, respec-
tively. The tree sparrow, common redpoll, and downy woodpecker
cle ocse .c? #^- the first time in this survey.

The results of the avian automobile survey are shown on Figures
3.3.3-2 and 3.3.3-3. Similar habitat types have been lumped

g together to depict more easily seasonal changes observed along
g the survey route. Birds have been categorized by feeding habit

in order to facilitate discussion of energy flow (trophic
levels) within the ecosystem. Major levels within the trophic
structure are: herbivore-granivore (species feeding on plant
food), cmnivore (species feeding on plants and invertebrates
in equal proportions), insectivore (species higher in the tro-

3 phic level, feeding predcminantly on invertebrates), and car-
4 nivore (the highest trophic level, consuming bircs fror any of

the three previous levels). Some species do not fall in any

P of the groups listed above. Therefore, other categories are

d used: nectivore (hummincbirds f eeding on nectar f rc= flowerir g
plants), aquatic cmnivore (species f eeding on aquatic plants,
and invertebrates), and carrion feeder (turkey vulture, feeding
on decaying animal matter).

-

On the Intcnsive Study Area, omnivorous feeders were the greatest,
number of species sighted during each of five sampling periods''

f (Figure 3. 3. 3-2) . In overall abundance (Table 3. 3. 3-2 ) ,
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E
omnivorous feeders were the dominant group found along the survey

g route. During spring, they composed 95 percent of total identi-
,gs fied birds. During the four remaining sampling periods, omni-

_

vorous birds had relative abundance per season of 75, 6S, 78, and'

g 89 percent (Table 3. 3. 3-2 ) . Omnivorous species were most abundant

g during spring, early summer, and winter, when other more special-
iced feeders would find climate and/or food sources limiting.
Omnivores were least abundant during 1cte summer and fall sam-
pling periods, when an influx of insectivorous and gravivorous-

' herbivorous birds into the site area occurred. Omnivores showed
a preference for agricultural habitats (Figure 3.3.3-3).

Granivorous-herbivorous birds were present on the site during
each sampling period; however, they represented only 3, 16, 18,

p 16, and 4 percent of the total bird population during each suc-
g cessive season (Table 3.3.3-2). The number of granivorous-herbi-

vorous species (Figure 3.3.3-2) was slightly higher during early
summer, late summer, and fall because of the addition of surmer
residents such as the catbird, horned lark, and American gold-
finch. Granivore-herbivores were observed in equal numbers among
the four habitat types, except during winter, when only hedgerow
and agricultural habitat types were utilized.

Insectivores observed along the avian .utomobile survey route
g reached their peak during the late st aner sampline period (Table
g 3.3.3-2). They composed 11 percent cf the total number of birds

cbserved. The greatest number of insectivorous species, however,
was observed during the early summer sampling period, when 11--

,

) species were identified in the forest habitat (Figure 3. 3. 3-2 ) .
Insectivores were least abundant during spring, fall, and winter
(Figure 3.3.3-3), when many of the birds that feed on flying

g insects were further south. Species in this category are whip-
B poor-will, chimney swift, common nighthawk, and purple martin.

Insectivorous species sighted during the winter sampling period
were the downy, hairy, pileated and red-headed woodpeckers and
the yellow-shafted flicker.

Five species of carnivores - the great-horned owl, loggerhead
shrike, marsh hawk, red-tailed hawk and sparrow hawk - were
identified alcng the avian automobile survey route (Table
3.3.3 2). Their nurbers remained relatively constant throughout
the study period, composing less than 3 percent of the total

- avian population (Figure 3. 3. 3-3 ) . The highest number of carni-
vores was observed during fall and winter; favored habitats dur-
ing those pericds were hedgerows and agricultural fields (Figure

@3 3.3.3-2). Carnivores are important in the ecosystem as regula-
tors of small mammal populations, which may become pests or
over abundant if not controlled. For example, a relaticnship
has been established between increases or declines in rabbit
populations and increases or decreases in the number of great
horned owls (whicn were cbserved on the site) (Rusch et al,
1972). The food habits of an area's avian predators can be used

- to determine what small rodents are present (Korschgen and
Stuart, 1972). Foods used by avian predators include cottontail,*

/ meadow mouse, wnite-footed mouse, songbirds, gray squirrel, fox
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squirrel, and mourning dove.

Aquatic omnivores observed along the avian automobile survey
route were unidentified ducks, pied-billed grebe and ring-'s

necked duck (Table 3.3.3-2). These species wcre most abundant,

during fall in the agricultural habitat (Figure 3.3.3-2). These
feeders are not common to the Intensive Study Area because it
lacks large bodies of water surrounded by vegetation.

j Carrion feeders (Figure 3.3.3-2) sighted were the turkey vulture
d (Table 3. 3. 3-2 ) . This species was observed during spring, early

su mer, and late surser sampling periods, but their numbers were
relatively high only during the spring (Figure 3.3.3-3).

3.3.3.2 Avian Strip Survey

One preliminary avian strip survey was conducted during the
spring sampling period; thereafter, two avian strip surveys were
conducted during early summer, late summer, fall, and winter
sampling periods. The following is a breakdown, by period, of
the most nu erous species identified during the avian strip
survey.

Spring

SS:: Twenty-one species representing 11 families were observed
along survey strip 1 during the spring sampling period. Bob-
whites were most numerous, with a 1-day high of 15 individualsS

j and a 3-day mean of five individuals. These individuals were
observed in a hedgerow. Other 1-day highs were field sparrows
(11), red-winged blackbirds (10), and robins (10) . Their 3-day
means for this period were six, three, and three, respectively.

Earlf Summer

SS2: Twenty-seven species representing 16 families were observed
along survey strip 2 (Table 3. 3. 3-3) . Common grackles and red-
winged blackbirds were most numerous, with 1-day highs of 60 and
58 individuals, respectively. These species had 3-day means of
44 and 49, respectively (Table 3.3.3-4). Cormon grackles were
observed most frequently in hedgerows, while red-winged black-

g birds were observed only in agricultural fields. Mourning
u doves (23), bobwhites (15) , and corson crows (14) also had sig-

nificant 1-day highs. Three-day means for these species were
9 10, 8, and 6, respectively.
9
4

SS 3: Twenty-seven species representing 15 families were observed

}d
during early surser alonc survey strip 3. Red-winged blackbirds
had a 1-day high of 65 individuals (Table 3. 3. 3- 5) and a 3-day
mean of 36 (Table 3. 3. 3- 6) . Lobwhites (21), field sparrows (16),

D and brown-headed cowbirds (12) were commonly observed. These
g species had 3-day means of 12, 8, and 6, respectively.

f
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Late Su=er
<
''

SS:: Nineteen species representing 13 families were observed

~

along strip survey 2 in the late summer. Scbwhites (17), blue-
jays (10), and field sparrcws (9) had significant 1-day highs
(Table 3.3.3-3). Sobwhites had a 3-day mean of 10, while blue-

p jays and field sparrows had a 3-day mean of eight and five, re- -

g spectively (Table 3. 3. 3-4 ) . Bluejays were more numerous in the
forest habitat type, while bobwhites and field sparrows were
=cre numerous in agricultural fields. Four species not observed
during the early sunner sampling period along this route were

1

observed: black-capped chickadee, blue grosbeak, rcbin, and
catbird.

9
$

SS 3: Nineteen species representing 11 families were cbserved
during the late sunner sampling period. Roci doves ti5), readow-
larks (14), barn swallows (11), and com=cn crews (9) had signifi-
cant 1-day highs (Table 3. 3. 3- 5) ; these had 3-day means of five,
six, seven, and four, respectively (Table 3. 3. 3- 6) .

r= .,.l

. SS : Twenty-six species representing 12 families were cbserved
i along strip survey 2 during the fall sampling period. The com-

mon grackle was the most_ numerous species along this survey
route, with a 1-day high of 115 individuals (Table 3. 3. 3- 3) andw

i

> a 3-dav tean of 62 (Table 3. 3. 3- 4) . American goldfinches, slate-> -

colored juncos, and white-throated sparrows were less numerous,
with 1-day highs of 48, 22, and 15, respectively. Bobwhites

Q were less numerous than during the late summer sampling period,.

u with a 1-day high of 12 and a 3-day mean of four. Of the 16 new
species observed along this route, seven were winter residents.

SS3: Twenty-nine species representing 16 families were observed
during the fall along strip survey 3. Meadowlarks had a sig-
nificant 1-day high of 76 individuals (Table 3.3.3-5) and a 3-
day =can of 31 (Table 3. 3. 3-6) . Common crows (47), bobwhites
(30), snow geese (30), and blue geese (30) also had significant
1-day highs. Three-day means of IS, 17, 12, and 12, respectively,
were recorded for these species.

Winter
a
j SS Sixteen species representing seven families were identified

along this route during the winter sampling period. House
g sparrows (150), slate-colorec juncos (55), and song sparrows
g (50) had significant 1-day highs (Table 3. 3. 3- 3) and 3-day means

of 55, 36, and 17, respectively (Table 3. 3. 3- 4) . House sparrows
were generally observed in forests, while slate-colored juncosm

3 were identified in hedgerows and song sparrows in agricultural
L fields. Cardinals (22) and bluejays (14) also had significant

''
'. 1-day highs. Many of the ornivorous and insectivorous species

identified during previous periods were not observed during
this period.

-26-
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SS3: Twenty species representing eight families were identified
alonc. strip surve"2 3 darin- the winter sampling period. Thrt es

meadowlark was acain commonly cbserved, with a 1-dav hich o 17d

\' (Table 3.3.3-5) and a 3-day mean of six individuals'(Table
Q 3.3.3-6). Slate-colored juncos (11), bluejays (10), eastern
Q bluebirds (10), and tree sparrows (10) also had high 3-day means

of five, six, five, and seven, respectively.

The number of bird species identified during all "eriods alongej
avian strip survey 2 and 3 is shown on Figures 3.3.3-4 and
3.3.3-5, respectively. Threc general habitat types were found

} along SS:: agricultural fields, hedgerews, and forests; only two
2 --agricultural fields and hedgerows--were found along SS3 Dur-

in- the early summer, agricultural fields held tne greateste
p numbers of birds, while forest provided most species with food
B and cover during the late summer. Hedgerow was most heavily

ut'.lized during the fall and winter.

Omnivores were the most abundant species found along both SS:
and SS3, dominating SS 2 during the winter (Table 3.3.3-4) and SS

3

during the fall (Table 3.3.3-6). They c_mprised S2, 46, 70, and
96 percent by season of the total birds observed along SS:
(Figure 3. 3. 3-6 ) and 71, 47, 61, and 80 percent along 55 3 (Figure>

3.3.3-7). Species such as the bluejay, cardinal, and common crow

i}
were found along both survey routes during all four sampling
periods. Other species, such as the slate-colored junco, song
sparrow, and white-crowned and white-throated sparrow, were ob-

JIN served only during the fall and winter periods.

f)
Granivcrous-herbivorous specir.s were usually the second nost
numerous species identified along both transects (Figures 3.3.3-6
and 3.3.3-7). They composed between zero and 32 percent of all

' birds observed along SS: and between 9 and 22 percent along 553
A total of nine granivorous-herbivorous species was identified

.3.3-6). Feak abun-
%}

along both transccts (Tables 3. 3. 3-4 and '
cance along 55 3 for granivore-herbivores came during the fall,
when 23 birds of three species were observed. Fall was also
the period of peak abundance along SS:, when 20 individuals weres

3 observed in the hedgerow and 18 were observed in agricultural
fields. The granivore-herbivores were least abundant in the
winter: five individuals were observed along SS3 azd none werem

observed along SS:. The granivore-herbivores coatained two
game species, the bobwhite and the mourning dove, and one "rnra"*
species, the ruffed grouse.

+
V
n Insectivores were less important along the two strip surveys than

omnivores and granivore-herbivores. Relative abundance along

3 SS 2 (Table 3.3.3-4) fluctuated from a low of 1.5 percent in the
j early summer to a high 21.6 percent in the late summer and back

down to 4.5 percent in the fall and winter. Along SS3 (Table
3.3.3-6) a greater fluctuation per season was noted; values
(percent of total population) of 12=7, 28.8, 3.8, and 10.7 were

,- recorded, respectively. In both strip surveys, it was during

,
*

3
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(}' the late summer that insectivores werc most abundant, with nine
J (Figure 3.3.3-6) and 13 (Figure 3.3.3-7) individuals sighted,
\- respectively. Insectivore use of specific habitats also varied
g with season. Along SS:, the favored habitat by season was
Q hedgerow (early summer), agricultural fields (late summer) ,

hedgerow (fall), and forest (winter). Along 553, the favored
habitats were agricultural fields (early and late summer) and .

hedgerow (fall and winter). Only woodpeckers and the yellow-
shafted f'.eker were permanent insectivorous residents of the
Intensive Study Area. The remaining species were summer resi-

@ dents, migrating south in the fall in response to primary food
U' die-off brought on by colder weather.

g Carnivores along both survey routes composed only small percent-
g ages of the total population. Along SS:, less than 1 percent of

the total number of birds were carnivores; along SS3, between
0.5 and 1.2 percent of the total were carnivores. Five species

h
. t

,

1*y were observed alona. SS: d urinc. the four samplino. neriods (Table
3.3.3-4). Two interesting carnivore species were sighted: the
belted kingfisher and the green heron, which feed on fish. Most
of the other species are strictly meat-eaters, preying on small
mammals and songbirds. The Itggerhead shrike, sighted along SS 3,
is a passerine (perching) bird that catches crickets, arphibians,
and reptiles and attaches them to barb wire fences for later
feeding.

One specialized f eeder observed in early summer in the agricul-'
,) tural fields along SS: was the nectivorous ruuy-throated humming-

bird. A second group of specialized feeders was fcund along
SS3 (Table 3.3.3-6). The blue coose and snow c.oose were observ--,

ed in the fall during their southward miv~ ration; the" =av use, 2
. Sincethe site only sporadically during periods of migration.'

waterfowl feed either on submerged plants and/or invertebrates,
p they are limited in their choice of habitat. The mallard was
d sighted in the late summer; the mallard is common to many areas

and nests in a variety of habitats unsuitable for other water-
fowl.g The small ponds in the Intensive Study Area would attract

g this less specific feeder.

3.3.3.3 Evenina Autcmobile Survey

Five species of birds were noted during the four sampling periods'

(Table 3.3.3-7) along the evening automobile survey route. Two
Q nocturnal insectivores, the common nighthawk and the whip-poor-
3 will, were observed only during this survey. The whip-poor-will

was seen or heard repeatedly during the early summer months. An
avian predator, the great horned owl, was observed only a fewa

1

times; the great horned owl is a nocturnal hunter. The pied-
*,

billed grebe, an acuatic cmnivore, was observed at dusk on a
farm pond Twenty-five purple martins vere observed only once
along the route. Because this route was the same as the avian

- automobile survey route,and the surveys were generally run during
h ', the same 3 days, these data were combined with the avian auto-

g mobile survey eata and analyzed as such.

.
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3.3.3.4 Miscellaneous observations of Birds

Sixteen species of birds were classified as miscellaneous obser-
f, vations (Table 3.3.3-B). Among the 16 species, three were
J

q . aquatic, two carnivorous, three upland gamebird, two specialized
N' feeder, and six songbird.

Bobwhite, an upland game species, was observed during four of
the five periods. The peak number was observed in fall, when
49 individual sightings were made. A flock of 100 common red-'
poll were observed during the winter. This is an unusual sight-
ing because this species is a winter resident further north
(Robbins et al, 1966). A golden eagle, which feeds on a variety
of upland animals, was observed in an old field after an un-
successful hunting attempt. The golden eagle is unco:. mon to
Missouri; however, because it is near a major waterway and avian

Q flight corridor, the site area is att. active to many wide-ranging
U species. Mourning dove, a second upland game species considered

an interesting sighting, was observed during fall, when this
species is migrating.

Among the remaining miscellaneous 1y observed species, most were
sighted only infrequently. Included in the above category are

N American bittern, common nighthawk, grasshoppper sparrow,
O turkey, white-breasted nuthatch, and ruby-throated hu"r.ingbird.

B
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TnBLE 3.3.3-1',,'
@ SEASONAL ABUNDANCESa OF BIRDS IDENTIFIEDVc

ALONG THE AVIAN AUTOMOBILE SURVEY ROUTE

D
Sampling Period

Early _ Late
|. Species Spring St=mer Summer Fall Winter

Ducksa 2 5
Ring-necked duck 1
Turkey vulture 19 1 1
Red-tailed hawk 1 3 9

Q Marsh hawk 6 1
U sparrow hawk 3 2 1 1 3

Bobwhite 10 31 30 1 15
. Turkey 5 1
J Killdeer 6 1

Rock dove 1
Mourning dove 10 40 20 23

i Yellow-billed cuckoo 1
'

Black-billed cuckoo 1
Great horned owl 1

Q Chimney swift 2
U Yellow-shafted (licker 2 3 9 5

Pileated woodp.:cker 2 2 2

[~) Red-bellied woodpecker 2 3 3 7 11
J Red-headed woodpecker 6 8 2 8

Downy woodpecker 3
Eastern kingbird 4 8
Great crested flycatcher 2
Eastern phoebe 1
Horned lark 1 8

Q Rough-winged swallow 23
E Barn swallow 17 16

Blue jay 8 7 18 39 63
D Common crow 13 13 24 32 50
'

d Black-capped chickadee 2 4 4 2
Tufted titmouse 1 2
Mockingbird 5 4 5 3 4j ,

Catbird 8 3 1
I ~

Brown thrasher 2 8 2
Robin 19 17 6 6

, Wood thrush 1

ao Eastern bluebird 14 6 4 27 19
Cedar waxwing 12

g Loggerhead shrike 7 3 1 2
j Starling 49 2 10 74 155

Red-eyed vireo 2
Myrtle warbler 2,

Yellowthroat 5

.
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TABLE 3.3.3-1 (continued

Sampling Period
Early Latei

Species Spring Summer Summer Fall Winter

h Yellow-breasted chat 1
u House sparrow 13 S2 60 7 11

Mead.cw3 ark 90 28 5 24 33

g Red-winged blackbird 317 50 50

d Baltimore oriole 3

Common grackle 238 71 44 7 16
Brown-headed cowbird 2 10 1

Summe: tanager 1 1

Cardinal 24 14 10 25 47
Indigo bunting 23 3

Dickcissel 13
- Common redpoll 1

American goldfinch 7 1 49

g Rufous-sided towhee 3 2

M Slate-colored junco 105 113
Chipping sparrow 1
Field sparrow 62 12 4

( -) Tree sparrow 15
White-crowned sparrow 1

White-throated sparrow 4

Song sparrow 22 3 4 10

TOTAL 939 519 328 536 60E

a Abundance based on one-day high per period.
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TApff 3.1.3-2

EFA90 hat AHONDANCR AND PFf.ATIVR AnUNnaF r OF ft f Pfm
IfirNTIFIP D Al/ING TitF AVI AN Af fTe m m i f f AND FVFMING AtlTOMf m i t.R

SDAVEY P( W!TF DY GF.NF P A f. ITARITAT TV0E, t' AI.I W AY Cot tNTY , M I S Se.F!P I

.}{*" _ _ _ _ _ _ _ Palstiv. Alinnaan ,b^ ' " "
-~ q

FEEttlNG 11ARIT F ring
.

Sommer Su r_ _ _ Fa}j W | n t a r- Early fa t a
specia* re A' pa nT, r A e n r A p n r A e n r A n n Iv11ng _ _ 5 ume t sunn r roll wintar

OMNIVOROUS
Dieck-rapped

eb l e k stice - - - - - - - - - - - - 2.3 - .* - .3 - - .3 - - . .9 .2

niua jay 2 - .7 1 3 - .7 .7 9 .3 - 3.7 20.3 2.3 2 2.7 30 $ - 9.1 .7 1.2 6.9 9.8 12.6

Drown-headed
cowbird - - - 1 .3 1 4.3 - = .3 - - * - - - - - - - .2 2.1 .2 - *

Prewn
thrasher .3 .3 - - I .7 3 .3 - 3 1 - - - - - - - - - .1 1.4 2.1 - -

Cardinal 9 .3 1.7 9.3 4 .7 3 1.7 4 - 2.3 - 2 4.7 7.7 1 4.7 4.3 - 6.3 3.4 3.6 3.4 S.0 4.4

Cedar
,

wawwing - - - - - - - - - - - 4.7 - .) - - - - - - - - 1.6 -

Chipping
spartew - - - - - - .7 - - - - - - - - - - - - - - .2 - - -

Ccemen crow 4.7 3.7 .7 1 4.32 .7 .7 10 1.3 7.3 .3 5 14.7 1.7 1.7 11 13 - to 1.9 2.2 10.1 7.4 9.7

comre n q v ar k l e 10.3 70.7 21.7 25.3 .7 16.7 35.7 - - 15.7 .3 - 1 1.7 - .7 - S - .3 22.* 14.9 8.5 1.1 1.5

Dickeissel - - - - .3 1.3 7.7 - - - - - - - - - - - - - - 2.5 - - -

Sheat 1
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Tants 3.3.3-2 (con t inual)

Abugt,ance" Ra t a t i ve A bun.f ane,b
Early late

--

FEFDING HSDIT FgQsq S up r Fum ar Fall Winter Farly Late

Fr elee F Ad h' Hf F A R H F A R 11 F A D H F A R H Fpring Summer Su w r Fall Winter
e

bluebi.d - 4.7 - 3 - 1.3 2.3 .7 - - 3 - - 1.7 16.3 3 - 9.3 - 3 1.4 1.2 1.6 6.9 3.5F.a s t e r n

Field sparrow 3.3 2.7 7 17 3 1.7 1 - 1.3 1.7 - - - - - - - - - - 5.3 1.6 1.6 - -

1.0 15.6 23.1 1.1 2.0
16use sparrow - 4.3 - 1.3 .3 14 41 - 16.7 16.7 10 - - 2.7 .3 .3 2.7 2.3 - 2

Indigo t unt ing - - - - 2.7 1 15.3 - .7 .3 - - - - - - - - -
- 5.3 .5 - -

II.s 7.7 1.8 6.6 5.1
5 . k", a ..,1

- 17.7 - .3M adewlath ! 61 1.7 3 - 16.7 10 .7 - 2 1.3 - - 12
-

I'O l'5 3 7
Mockingbird - 1.3 - 1 7 .7 2 - .3 .3 2.3 - - - ,7 Y .' 3 .) 1.3 - .7

blackt ird 30.7 158.7 9 25 1.3 12.3 27.7 7 - - - - - 16.7 1 - - - - - 38'* II 9 * 5+7 -Ped-wipued

Robin .3 4 2 7 1.7 4.3 3.3 1
- 1.3 3 1 2 .3 .3 1.3 - - . . 2.3 2.9 2.0 1.2 -

Hufoum-sided
towhee - - - - .7 .3 - - .1 - .7 .3 - - - - - - - -

- .3 .7 - -

State-colored
- - - - 6 4 15.3 33.7 3 23.3 - 56.3

- - - 19.0 23.6
junco - - - - - - - -

2.1 .3 - .9 1.6
song sparrow 4 - 1.3 6.7 - 7 .3 - - - - - - 1.7 - 1 - 1 - 4.7

Sheet 2
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TAnty 1.3.1-? (e<ntinom1)

E''""''*""** palattwa A t o m <ta ne ,e''_

, _ . _ -_._ _ T a. . l y latc - - - -r
F FF tit NO HARIT

_
Fpt ig

_
C 'im** r So"aar Fm11 WIM ar Farly late

Eppetee re A tt s> a pf r A p it r A p n r A ti te r A p tg rygjng pommag_ gry-g Fall _ wintag..

C A R D 10N- F ea tte t

Tutkay
vultutn 7.1 - - -

,, ,y
- - ,7 - - - - - - - - - - 1.) .2 4 - -

Grnop tota! 7, 3 - - - .3 .1 - - - . 'l - -
-

- - - - - - - 1.) .2 4 - -

TotSt for 7T,Tll7.E '3 0.I''7 07'.5 lEJ 101.3'711^2'll3 IE.1'U,T M 7 17.M K 9 10I . T 77X TT;l W.7' 171:F~ 5 'll ETK
alt 4 our.

T>tel/ ~ ~~ 7 EETF - ~'~~ 'l E 4 . F '- ~'~^ ~ ~ l 3 7 *> ^^~~ ~~~ " ~~~lll l ~

l El'
~~

rertoi

a M S ee'l en a t h r aa-ela y e'e an par Patin1.
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k) T e t t *f* 'i t. ,

C E U t e ' !. .

t1 Ag t f.eu l 9 tit e l f | a l tt 9.

P L*StWMy,

f ne.) ia r e w .

-s Unident i fle ! t o erecipe.

Rhaat 7



TABLE 3.3.3-3

aSEASONAL ABUNDANCES OF BIRDS
g. IDENTIFIED ALONG THE AVIAN SURVEY ROUTE ( S S ., )
i
L

Sampling Period
Early Late

Species S u=e r Su=e r Fall Winter

p Green heron 2
U Sparrow hawk 1

Marsh hawk 2
, Red-tailed hawk 1 1

Ruffed grouse 1
Bobwhite 15 17 12
Rock dove 3
Mourning dove 23 2 3
Ruby-throated hu.=ingbird 1
Belted .<ingfisher 1

7 Chimey swift 2
3 Yellow-shafted flicker 6 5

Red-bellied woodpecker 3 3 3 3
, Red-headed woodpecker 4 2
'H Hairy woodpecker 2

Downy woodpecker 3 4
Earned 1 ark 2

>) Barn swa2'ow 1 9
.

Blue jay 3 10 13 14
Cc=on crow 14 1 7 2

fg Black-capped chickadee 1 7 4
U Tufted titmouse 1

White-breasted nuthatch 1
Mockingbird 2
Catbird 4
Brcwn thrasher 1 2

I
Robin 1 2 1
Wood thrush 2
Eastern bluebird 5 3
Yellowthroat 1

g Starling 2 5
g Meadowlark 10 2

Red-winged blackbird 58 1
o Cc=on crackle 60 115
,i Brown-headed cowb.trd 2
'

Su=er tanager 1
Ecuse sparrow 150

3, . Cardinal 1 3 3 22
I Blue grosbeak 1

Indigo bunting 2 2
g Dickcissel 2
Ss
/

(r)
Sheet 1



5
TABLE 3.3.3-3 (continued)

ma
'

> Sarpling Per .cd4

Early Late<

Species Surrer Su mer Fall Winter

Ccr.ron redpoll 1,,

'j A=erican goldfinch 48
Slate-colored junco 22 SS
Tree sparrow 7

} Field sparrow 4 9
13 White-crowned sparrow 4

White-throated sparrow 15
y Fox sparrow 4j Song sparrow 6 50

TOTAL 220 76 289 3243
$

Abundances based on one-day high per period.a

8
,
;

)

<b

1

]
,.
p.

I w

B

B

1
6-

L Sheet 2

.
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T1J 1E 3.3.3-4

EEAc7SAI, ArmA.NCE An IT1.ATIVE ABrNOJKr Or r :LDS
10D" IT!ED ALON; JJc!J.N STF.I T S'JFlf f POU7L . 5.* EY OENLU1 madTAT niE, CA111M Y COUN~T, "ISSOCEI.m

I
a relative Arun arrF

s - n.undarre "~~

Early LateEstly Late

prt;;gg m ; . .-
f me r Fall . - -- - - - Fall Wi terW ;r t e r f ume r S amf reu -rc r

C 0 T* A E F A L * H F9 peru s A F

,.....-~,c,w 6v t% A .

Elack-cap;.ed chick- - - - - - 0.? D.J 2.3 1.7 0.3 2.3 - 1.6 2.E 1.0.

adee

Elae gresbeak - - - - 0.3 - - - - - - - - .7 - -

Elue :ay 0 ? 0.7 1.0 - 2.0 6.3 0.7 2.0 6.3 - 9.3 3.0 1.4 19.2 5.E 7,E

Erevn-headed 0.7 - - - - - - - - - - - .5 - - -

c.'wtird

E
88 Er ovn t '.r a s Le r .3 - - 0.7 03 - - - - - - - .2 2.3 - -

5
Cardinal - - 0.~ - - 2.0 ~.7 0.3 1.0 - 14.7 8.7 .2 4.6 1.3 14.B

Ca= nun crew .2 7 5.3 - - 1.7 1 ?.7 - 3 1 4.6 .7 3.5 0.E

um Co=nen grackle if," 27.3 0.. - - - 17.7 44.0 - - - - 32.v - 39.9 -

Dickrassel 1.0 - - - - - - - - - 0.7 - - -

0.8
Eastern bluetird 1.7 - - - - - - - - 0.3 1.0 - 1.2 - -

Pield sparrow 1.0 - 1.3 3.v 1.0 1.0 - - - - - - 1.7 11.5 -

EOuse sparrow - - - - - - - - - - 5.3 50.0 - - - 34.9

Indigo ta. ting 0.3 - 0.3 0.3 0. 0.3 - - - - - - 0.4 2.1 - -

g Meadowlark 4.0 - - 1.0 - - - - - - - - 2.9 2.3 - -

!
- / 0.7 - - - - - - - - - 0.5 .- - -W k:ngti.-M - -

Tsed-w.nged
bla:Atard 42.3 7.0 - - - - .3 - - - - - 3%.' - 0.2 -

Retin - - - - - 0.3 - 0.7 0.3 - - 0.3 - 0.7 0.6 0.2

Elate-c:Irred - - - - - - 0.7 B.J 0.s 2.3 31.7 2.0 - - E.0 22.7

22:a

5:n; sparrow - - - - - - - 4.3 0.3 2E.7 - - - - 3.0 10.5

Starling - - - - - - 3.0 - - - - - - - 1.9 -

Tree sparrow - - - - - - - - - 2.3 - - - - 1.5

Tufted t'.:n:use - - - - - - - 0.3 - - - - - - C.2 -

, Wh:te-treasted - - - - - - - S.3 - - - - - - ".1 -

nuthe* n

Knite-crec.ed - - - - - - 1.3 - - - - - - - 0.F -

s ,)a rT Dw

White-throated - - - - - 4.0 2.3 - - - - - - 4.1 -

sparrow

% . tr,a g - - c_- - - - - - - . - .5 - - -

Group T:tel (E.E 25.7 9.9 5.0 3.9 10.9 30.1 f5.E 12.6 19.3 f4.9 57.3 E2.4 45.7 70.3 95.6

OU.N .':EO 5-
t:EEE v E r 5

American gelifinch - - - - - - 17.3 13.3 - - - - - - 19.6 -

[M *.~ Ehett .

K 1

fw

I
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TAE!.E 3.3.3-4 (contin ed)

(. v.

AbundanceE Telative AbuMerce'
L' Early La*e La r '. y La.c

S ume r F me r F e.11 Kinter F2mmer F u* e r Fall W a r. t e rP
TEr.. , yLv . .A .. .

C dEperles A E r* A E F A E F A H F

EOrvhite 2.0 3.' 2.0 7.0 0.3 2.7 - 4.0 - - - - 5.6 23.1 2.6 -

I - - - - - - - 3.9 - -Cattird - - - - C.7 1.0
'

ca::mnn redpcil - - - - - - - 0.3 0.2 -- - - - - -

Tex spar.ow - - - - - - 0.3 1.0 - - - - - - C.E -

Ecrned lark 0.7 - - - - - - - - - - - 0.5 - - -

P.ourning deve 9.3 - 0.7 0.7 0.7 0.7 - 1.0 0.3 - - - f.7 4.E 0.6 -

- - - - - - - - - - - 0.7 - - -Rock de e 1.0

Ruffed grc;Ee - - - - - - - 0.3 - - - - - - 0.2 -

Orcup Tetal 13.0 3.7 2.7 7.7 ;.7 4.4 17.6 19.9 .3 - - - 13.5 31.6 24.4 -

INSEC"VORorS

- - - - - - - .2 8.5 - -Earn swallow 0.3 - -
*
.7

C.timney swift - - - 0.7 - - - - - - - 1.6 - -

0.4 1.0 0.3 - - 0.6 1.0Downy woodpecker - - - - - - - 1.0 -

Eairy woodpecker - - - - - - - 0.7 - - C.3 - - - 0.5 .2

e Ke '-be llied 0.3 0.7 - - - 2.3 - 1.0 0.7 - 1.3 1.3 .7 5.3 1.1 1.6
woodpee err

1.0 1.7 - - - 0.7 - 0.3 - .2 6.2 0.5 .2

(
i Red-hesded 0.3 - -

) woodpecker
.

S; :rm: tanager - 0.3 - - - - - - - - - - .2 - - -

Yellow-shafted - - - - - - 0.3 2.7 - - - 7.0 - - 1.9 1.3
flicker

Yellow thrcat - - 0.3 - - - - - - - - - .2 - - _-- - .

- Orcup 70tal 0.9 1.0 .3 S.4 1.7 2.3 0.3 5.4 1.4 0.3 2.9 3.6 1.5 21.6 4.6 4.3

f4 OAFS;VOR0"5

Leited kingfisher - - 0.3 - - - - - - - - - 0.2 - - -

3,
J Oreen heren 0.7 - - - - - - - - - - - 0.5 - - -

A
pars h :.a k 1.0 - - - - - - - 0.c -- - - . . -

Led-tziled hawn 0.3 - - - 0.3 - - - - - - - 0.2 0.7 - -

|$ $* e.rr ow hewn - - - - - - - - 0.3 - - - - - 0.2r

Orcu; Tctal 1.0 - 0.3 - 0.3 - 1.0 - - 0.3 - - 0.4 0.7 0.6 0.2

Sheet 2
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~s- TAE .E 3.3.3-4 ( c o n t in.2ed )'r.,

11u-da.rea Felat:ve ta ada r-re'-[
Early Late Early Lue%

FEesiNO U.3!T f ume r E me r Fall N:r. tee C -c r S.mrer Tal, h :- * -

Sper:e s A- F- I' A E i A F A E F

hTCTIVCRO"S

Ruty-throated D3 - - - - - - - - - - - C.2 - - -

burnin-tird; - .

Oroup Total .3 - - - - - - - - - - - C.2 - - -

t tal fcr S3.E 40.4 13.2 10.1 7.6 17.6 49.0 91.1 14.3 19.9 67.8 70.9
all Crcups,

Total /Feriod 137.4 43.3 154.4 15E.6

a E-ased cn a three-day mean pe r pc riod

b Fercent

c Agricultural fleids

d Eedgerow

e Ftrest

Sheet 3
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s TABLE 3.3.3-5

3 SEASCIAL ABU:DA CESa OF BIRDS'A
IDE!?TIFIED ALO:;G THE AVIA!? SURVEY ROUTE (SS3)

m
n
A Sampling Period

m.arly Late
- Species Su=e r Su.mer Fall Winter_

Snow goose 30
Blue coose 30
Mallard 2
Rough-legged hawk 1
Sparrow hawk 3

H:
Bobwhite 21 3 30
Rock dove 15
Mourning dove 4 5 4

g Yellow-shafted flicker 2 8 7
Q Fed-bellied woodpecker 1 1 3

Red-headed woodpecker 2 8 2
Downy woodpecker 1
Eastern kingbird 2 2
Acadian flycatcher 1
Eastern wood pewee 1
Horned lark 2,

Rough-winged swallow 1
Barn swallow 9 11

1 Purple nartin 1
b3 Blue jay 1 8 14 10

Cormon crow 5 9 47 6
g Black-capped chickadee 5 4

"g White-breasted nuthatch 1
Mockingbird 1 1 1 2
Catbird 3 3 3

]F Brown thrasher 7 1
2 Robin 1

Eastern bluebird 2 4 14
g Loggerhead shrike 2 2 1
$ Starling 1 1 11 9

Yellcwthroat 3
. House sparrow 2
1 Meadowlarr. / 14 76 17

Red-winged blackbird 65 7
Cc= mon grackle 7 3
Erown-headed cowbird 12
Su=er tanager 3
Cardinal 1 4 14 5

g Indigo bunting 4

5 Dickcissel 4

(, ,
Cc=non redpoll 7

Sheet 1
.
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!7 TABLE 3.3.3-5 (continued)
:h

Sampling Period
Early Late

Species Su mer Su r.er Fall Winter

g American goldfinch 1 19
M Slate-colored junco 19 11

Tree sparrow 10
g Field sparrow 16
g Harris' sparrow 2 1

White-crowned sparrow 1
White-throated sparrow 10

{g Fox sparrow 10
Swa p sparrow 1
Song sparrow 19 7

TOTAL 188 97 368 122

H
a Abundance based on one-day high per perio.i.

O
a

H

I
,

ib

3

H

L.
(h ' Sheet 2
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r' " ALi.E 3.3.3-6
\>

SEASONAL A'UNCANCI ANO AI; ATIVE AS;'N!,AN. E Of F:F;S ! RENT;r:EO.

ALONO TEE A?!AN STAIT . 6 Ey ADUTE E53 Ey GENEAA; ELE;;A; Typt, CA;;wAy ;37s7y, g;510sR

aAt e .d e.nre y,3,ggy, yy u g,7 7,1
M' Earb Late Ear.y Late

TEE 0!NO Lic :T 5 raf r , 5 2. t r Ta!! Wirter farer S arre r Tell Wirter,

Sper:es A- P A E A h A t

OMN!VOA:ss

51acK-c a; ; t i - - - - - 2.3 1.3 1.7 - - 1.4 5.1
chicka:.ee

Elue ;ay 0.3 - - 4.0 1.* 7.3 0.3 5.7 0.3 9.2 5.4 10.2

Ero<n-tended
wtird 3.3 2.9 - - - - - - 6.0 - - -

E r.wn thraste r - 4.e 0.3 0.3 - - - - 4.0 1.6 - -

Cardinal - 0.7 - 2.3 1.3 4.7 0.3 3.0 0.3 5.3 3.6 5.6

00::acn crow 0.7 2.7 0.3 4.0 2.0 16 . 2.3 1.7 3.3 9.9 11.5 6.B
= Core.cn gra:kle 3.0 2.3 - - 1.3 - - - 5.3 - 0.6 -

Cick issel - 1.7 - - - - - - 1.7 - - -

Eastern ti ctird - 0.' - - 1.0 1.0 1.3 3.3 0.7 - 1.2 E.0.

Field s; arrow 5.0 2.7 - - - - - - 7.6 - -

Eoese sparz w - 0.7 - - - - - - C.7 - - -

:niige t anting 1.3 e - - - - - - 1.7 - - -.

m Me a dow la:K 3.3 0.3 6.3 - 30.3 0.3 5.0 1.3 3.7 14.5 1E.5 10.7
hor r ir..t _ : d - 0.3 - 0.3 - 0.3 - 0.7 0.3 0.7 0.2 1.2

Ac'.-ving d 19.0 15.7 2.3 - - - - - 35.4 5.3 - -

tla:k.tird

Retin - - - - 0.3 - - - - - C.2 -

$ 1s te -::1: re d - - - - - 9.0 1.0 3.7 - - 5.4 E.0: r.:c
i 50 ; a; art :v - - - - 0.3 9.0 1.0 2.7 - - 5.6 6.3J.

Star 11r.; - 0.3 0.3 - 6.0 - 3.3 - 0.3 0.7 3.6 5.6

Swarp sparrow - - - - - 0.3 - - - - 0.2 -

;:ee sp arrow - - - - - - - 7.3 - - - 12.4-

e.i t e-t re as ta d - - - - - 0.3 - - - - 0.2 -

<. nu* tat :t.

R.ite-cr wned - - - - C.3 - - 0.2 - - 0.2 0.5
sparrow

3 e.ite-threated - - - - - 4.7 - - - - 2.8 -

s;arros
.

Orcep 7 a1 35.9 36.1 9.5 10.9 44.5 15.2 . l.s 31.4 71.3 47.2 60.8 E0.4

-

Sheet 1
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f

E



B

'rALI.E 3.3.3-6 (centinued)
,

W
'

Jenndance Eelative Abundan:Na

kte 1.h t e

TEEO!NO EASIT S u e r ,. Fura q I' a l l Winter F .mme r f re r Ta'l Winter

Fre es A- H" A *i A H A r,

- ORAN!VOROC5-
t' EEEE!VOROUS

A.erican goldfinch - 0.3 - - 4.7 4.7 - - 0.3 - 5.6 -

Lobwhite 8.0 3.7 1.0 0.7 16.7 - - - 11.6 3.9 10.1 -

u Cattird - 1.0 - 1.3 - - - 1.0 1.0 3.0 - 1.7

Cor:n n redp:11 - - - - - - - 2.3 - - - 3.9

4.0 - - - - 2.4 -

Tex sparrow - - - - -

Earris' sparrow - - - - - 0.7 - - - - 0.4 -

- Ecrned lark - - - - - - 1.7 - - - - 2.9

- Mourning dove 2.0 0.7 1.3 0.3 1.3 0.7 - - 2.7 3.9 1.2 -

Rock deve - - 5.0 - - - - - - 11.5 - -

Group 7:tal 10.0 5.7 7.3 2.3 22.7 10.1 1.7 3.3 15.6 22.3 19.7 E.5

INSEC IVOROUS

Acadiar. flycatche r - 0.3 - - - - - - 0.3 - - -

Earn swallow 6.3 0.7 7.0 - - - - - 7.0 16.1 - -

Downy woodpecker - - - - - - - 0.7 - - - -

Eas tern kingtard 0.2 0.7 0.3 1.0 - - - - 1.0 3.0 - -/

E as te rn - - - - - 0.3 - - - - 0.2 -

wood pewee

D Purple n.artin - - 0.3 - - - - - - 0.7 - -

_
Red-bellied - - - 0.7 - 0.7 - 1.3 - 0.7 0.4 2.2

f woodpe:r.er

hb Ked-headed - 1.7 0.7 2.7 - - - 1.3 1.7 7.6 - 2.2
woodpecker

Ro u gh-win ge d - - 0.3 - - - - - 0.7 - -

swallow

E uncer ta:ager - 1.0 - - - - - - 1.0 - - -

Yellow-shaf te d - 0.7 - - 2.3 3.0 - 3.0 0.7 - 3.2 5.1
fli ck e r

Yellowtr.r:st - 1.0 - - - - - - 1.0 - - -

3 _4

*rog T tal 6.6 6.1 8.6 4.4 2.3 4.0 - 6.3 12.7 28.8 3.E 10.7.

CARN!VOROUS
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TABLE 3.3.3-7

BIRDS IDENTIFIED DURING THE EVENING
^

AUTOMOBILE SURVEY, CALLAWAY COUNTY, MISSOURI

E
Sa::pling Period

Early Late
Species Summer S u=e r Fall Winter

Co=on nighthawk 1 - - -

Great horned owl 1 1 1-

Pied-billed grebe - - 1 -

Purple martin - 25 - -

Whip-poor-will 27 1 - -
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B
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E
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TABLE 3. 3. 3- 8
-

MISCELLANEOUS OBSERVATIONS OF BIRDS
DURING FIVE SAMPLING PERIODS, CALLAWAY COUNTY, MISSOURI

) Sampling Period
Early Late

Species Spring Su.mer Su c.er Fall Winter

American bittern 1 - - - -

Blue-winged teal - - 4 - -

Bobwhite 12 7 31 49 -

Cedar waxwing - - - 25 -

Common nighthawk 1- - - -

Co==on redpoll - - - - 100

Ducks 9 -- - -

Golden eagle - - - - 1
i

p[# Grasshopper sparrow - 1 - - -

1 - - -House wren -

Marsh hawk 3- - - -

Mourning dove - - - 25 5

Ruby-throated hummingbird - - 1 - -

Turkey 1 - - - -

Turkey vulture 2- - - -

White-breasted nuthatch - - - - 1

B

B
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3.3.4 AMPHIBIANS AND REPTILES

} 3.3.4.1 Evenina Automobile Survey
v

Although the survey was conducted during four of five sampling
periods, only the early summer sampling period yielded results,
primarily because this sampling period coincided with peak
breeding activity of amphibians.

s

Treefrogs (Table 3.3.4-1) were the most common sightings along
the survey route, while the chorus frog, bullfrog, cricket frog,
and American toad were less common. These amphibians were noted
along stretches of roadway near Logan Creek and farm ponds
used for mating and egg laying.

Four of the amphibian species observed are procominantly
aquatic, while the remaining species is aquatic only during
part of their life cycle. Leopard froas are usually found in
marshes or ponds; bullfrogs can be found in almost any water,
while green frogs prefer ditches and creeks. The American
toad is usually observed in shallow bodies of water or on land;

Q the treefrogs breed in water, but then move to a terrestrial
Q environment.

No reptiles were sighted in the Intensive Study Area during the
evening automobile survey. They are generally not easily ob-
served. However, based on lists of reptiles whose range in-

I cludes the site, the following are assumed to be present:
/ common snapping turtle, stinkpot, map turtles, western painted

turtle, red-eared turtle, and soft-shell turtles, Graham's,
blotched, northern,and diamond-backed water snakes, eastern

g and red-sided garter snakes; these species all would be found
5 in an aquatic habitat. Also likely to be present are the or-

nate box turtle, western slender glass lizard, and the six-
lined racerunner. These would be found in agricultural habitats.

3.3.4.2 Miscellaneous Observations of Amphibians and Reptiles

Six species (Table 3.3.4-2) not identified during the evening
automobile survey were sighted in miscellaneous observations.
Three of these species were reptiles. During four of the sam-
pling periods, the three-toed box turtle was observed crossingg

roadways, within forests, and in old fields. A garter snake was
observed in a ditch during early summer, and a snapping turtle

g was found in an old field. The remaining three species (central
Q newt, green frog, and leopard frog) were amphibians. The green

frog and the leopard frog were observed in a ditch; the newt was
found impaled on a barb-wire fence, presumable the prey of a,

j loggerhead shrike observed in the area.

's
5

-30-



TABLE 3.3.4-1
,

Id4PHIBIANS IDENTIFIED DURING THE EARLY
SUMMER EVENING AUTOMOBILE SURVEY, CALLAh'AY COUNTY , MISSOURI

Species Nu"Wer Identified

2 American toad 3

Bullfro9 2

Chorus fro 9 5

Cricket frog 1

Gray treefro9 2

Treefro9 12

TOTAL 25

B
.

J

B

i
a

B

B

3
'%

B

I
.
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Q; TABLE 3.3.4-2
v

MISCELIA'EOliS OBSERVATIONS OF AMPHIBIA'?S AND REPTILES
DURING FIVE SAMPLING PERIODS, CALLAWAY COUNTY, MISSOURI

Sar.pling Period
'

Early Late
Species Spring Su=e r S u=e r Fall Winter

Bullfrog -- 1 -- -- --

Central newt -- -- -- -- 1

Garter snake -- 1 -- -- --

Green frog -- 1 -- -- --

Leopard frog -- 1 - -- --

Snapping turtle -- 1 -- -- --

Three-toed box 1 3 3 -- 1
turtle

TOTAL 1 8 3 -- 2
?
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3.2.a p.--, -

n.,. D ,. n . . ,. - - u. ,a,, s,y- ,IEdcv
-

. m .s t o c- ct

Among plants and wildlife with natural ranc_es encomr.assing thes
s'

Callaway Plant site, 10 are considered " endangered" and 12
.

" rare" by the Missouri Department of Conservation (Gale, 1973).
Indiana Myotis, classified as " endangered" b3 the State of
Misscuri, is also classified as " threatened" by the USDI (1973).

- Fs i + .b. 4 .. + ". e " e ~4 a ..r- n . u' d " - = + e - ^ * :" , + ". n e2 -.t + ^ .. n . ~= 1 s ( n' "e ^ e .~~; i x .mvm y.. - .-- rw. .. a - - .

35-3), five birds (Appendix 3C-2), and one plant (Appendix 2A-1)
w .i + b.. +6e a4*n. O. # *kese, o " '. ", +5a n'-..-. =. ~. : e s e . . c . r = s 3 .4 . . ,.- - .- - e ""+. t.. -- . .. .. ..

( c .7 ... ) k. m e 4 ..wn 4+ w-v .cro ~ al* C "" "r. H e .> r . . Ls 4 u .4 .v c - + 1 u v .n. w. . n st4 + C, ,+w ne a- au-e,-c.. - t-o -; - - -*

forested ravine bettc=s. Elns are considered " endangered" be-
cause of their extrere susceptibility to the Dutch Elr disease.

The " rare" category contains two = annals, nine birds, and one
rectile with rances enec=nassing the site. Of the two " rare". t

mannals, only the long-tailed weasel was cbserved. The classi-
fication of the 1cr-g-tailed weasel as " rare" is paradoxical,
since it is still part of the annual state fur harvest. Appar-
e .n *. .' 3 + k , d*'*n- v.' .".ssvuri .e a.= e of + k. .i e ..n . ..= 1. ' s n o eu .l a + 4 0 .".

~ m * -~~ 'm . .. s . . e
decline but has nct passed legislation to protect it. Of the
nine birds classified as " rare," only the bald eagle and the
ruffed grous2 have been observed near or on the site. Bald
eagles, which feed predominantly on fish, are usually found along

.

the nation's waterways. They have been observed south of the
. .

site aleng the bluffs of the Missouri River flood plain. Ee-
cause of their habitat recuirements, ba2d eagles are not expected

J-
to be frec.uent visitors to the site. The ruffed crouse has been
observed on the site, which lies witbin an area selected by the
Missouri Department of Conservation for planting a ruffed grouse
breeding pcpulation (: agel, 1970). The large, ungrazed forest

s a + c 9 .- o ". 4 c' e s + ". 4 e e e .ies's~'+", enc + a . ~" . ~ - + . . e = c e. o' *bc 4"^
w a - - , . . .u . .. . we -

habitat requirements. The ruffed grouse is in the process of
expanding its range to suitable habitats in adjacent areas.
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3.3.6 ECOLOGICAL SUIO. MARY

The Callaway Plant site is located within the ecotone between

[3 two historic climax vegetation types, tall grass prairie and cak-
hickory forest. Situated on the northern border of the Missouri

V River, the site lies within an area that has been influenced by
glacial activity.

The soils of the site - Mexico and Putnam series in the Flat
Prairic resource area and Goss series in the Rough Stony Land
and River Hills resource areas - were formed from glacier-<

deposited parent material. These soils have been a major in-
fluence on native vegetation types. Likewise, the vegetation
types have influenced soil genesis.

Presently, forests are found on approximately 50 percent of the
site area, occupying terrain generally too steep for cultiva-

'

tion. About 70 percent of this forested area is pasture. The
original prairie that occurred on the plateau above the forested

g slopes is now nearly all used for cultivated crops, although
g some areas are used for pasture.

. A total of 175 plant species were identified on the site. The
4 majority of these were found in the Oak-Hickory Forest Associa-

tion and along hedgerows between cultivated fields on the pla-
teau. The Oak-Hickory Association is comprised of four major
types: 1) oak forest, which occupies about 20 percent of the

' forested area, 2) cak-hickory forest, 3) oak-maple forest, and
4) black walnut-red cedar forest. Ecologically, the black
walnut-red cedar type is the youngest forest in terms of plant

'

succession. The oak-hickory forest is the most nature.

g Non-forest areas on the site are the old fields and pastures.
g Both types are relatively small in area and support plant species

typical of disturbed areas. Forty-one plant species were iden-
tified in these areas.

Wildlife populations on the site are typical of forested areas
broken by agricultural land and grassland. Fifteen of the 47p mammal species with range and habitat requirements including the

liA site area were identified. The majority of the species identi-
fied were game and fur-bearing mammals such as the cottontail,

g raccoon, and white-tailed deer. Two small mammals, the white-
g footed mouse and deer nouse, were trapped on the site, and their

population levels were found to be extremely low. These levels
apparently reflect existing normal population patterns, since
small mammal populations are currently at low levels in east-
ern Missouri. Population levels for the white-tailed deer,
cottontail, and raccoon are estimated to be below average. The
density of opossum is above average.

Approximately 208 bird species are expected to inhabit the
g region as either permanent residents, winter residents, summer
g* residents, or su.ner visitors (does not breed locally). Ninety-

one of these species were identified on the site. The number
of species observed each season varied considerably, with a low
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g of 34 in spring and a maximum of 58 in early su==cr. On the
j basis of feeding groups, the omnivorous feeders were largest in

nu.ber of species and individuals during each season in all<

surveys. In spring, for exarple, they comprised 95 percent of
all birds identified in one survey. The other feeding groups,
granivore-herbivores, insectivores, carnivores, aquatic-cnnivores,
and carrion feeders, normally display Icwer densities wherever

' a mix of agricultural land and forest occurs. The total number
of birds cbserved each season varied only moderately. The averagea
nu.ber of birds observed was 920 for all seasons, with a range of
500 to 1,190.

'

. In general, wildlife habitats occurring on the site are those
e commonly found in central Missouri. These habitats are relatively

' diverse, supporting a large, intermixed number of plant species
throughout the study area. The most favorable areas for wildlife
are those where two or more habitats, including agricultural land,
are internixed. The most favorable habitats are those adjacent
to ravines and drainages, the old fields, the young forest (black

g walnut-red cedar), and forests with a moderate to dense under-

G story. Agriculture practices conducted in the site area also
create favorable conditions for some species of wildlife. Much of

g the area is pastured and cut for hay, and these practices favor
g species such as the bobwhite and cottontail by providing then with

adequate cover as well as food.
N
,J 'Nenty-two species of " endangered" or " rare" plants and wildlife

are known to have natural ranges encompassing the site. Three
of these wildlife species (long-tailed weasel, bald eagle, and
ruffed grouse),and one plant (elm) were observed.
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34 CONCLUSION AND FICOMMENDATION

v The ecology of the Callaway Plant site is not unique, and its
particular ecological balance re-occurs many times throughout
central and eastern Missouri. Intensive farming has produced
favorable habitat for wildlife populations, but these conditions
can be found in areas adjacent to the site. Since construction

Q of the facility will remove only a small portion of the total
M acreage from production and since the ecology of the Callaway

County Plant site is not unique, no significant impact from
g plant construction on the resident wildlife population is
y anticipated.

Rare and endangered or extremely important economic species
occurring near or on the site will be affected little by
development of the facility. The turkey, white-tailed deer,
and ruffed grouse require forested habitats broken by small

g fields or openings and a relatively large home range. Only
u a few acres of forest will be disrupted during construction,

and the access road, pipelines, and railroad spur should not
affect movement of these species. Other species, such as the
bald eagle, are extremely mobile and are not expected to be
found near or on the site very often.

Although the terrestrial ecology of the plant site area is
not expected to be significantly affected by plant construction

[A or operation, the recorrended monitoring program (authorized
j by Union Electric Company to begin in spring, 1974) is necessary

to test the validity of this conclusion. Data obtained during
the present study,when combined with that gathered during pre-
construction monitoring, will satisfactorily document plant
site biotic and abiotic elements, and can then be used as a
standard with which to compare data obtained during construction
and operation impact monitoring.
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API'FNDIX TAllLE 2A-1

MISSOUllI RIVER WATElt QUAI,1TY DATA (TitANSECTS P AND G)

Sample Trannect F Trannect G
Parameter Date F-1 F-2 G-1 G-2 Average

Temperature Sept. '73 24.6 24.6 24.8 24.0 24.7
CC Dec. '73 3.5 2.9 2.8 3.0 3.1

Feb. '74 4.0 4.0 4.0 4.5 4.1

pli Sept. '73 7.8 7.9 7.9 8.0 7.9
Standard Units Dec. '73 7.9 7.9 7.9 7.9 7.9

Feb. '74 7.2 7.4 7.3 7.1 7.3

Conductivity Sept. '73 700 625 710 710 686
pmhon/cm Dec. '73 390 300 490 500 440

Feb. '74 210 370 340 350 310

Turbidity Sept. '73 16 20 26 16 20
FTU Dec. '73 40 40 42 42 41

Feb. '74 140 100 170 140 138

Chloride Sept. '73 21 25 26 26 25
mg/l Dec. '73 25 26 26 27 26

Feb. '74 10 26 22 23 20

Nitrate Sept. '73 0.5 0.4 0.7 0.7 0.6
mg/l N Dec. '73 1.3 1.5 1.4 1.5 1.4

Feb. '74 1.4 2.0 1.7 1.6 1.7

Organic Nitrogen Sept. '73 0.6 0.6 0.5 0.5 0.6
mg/l Dec. '73 0.9 1.0 1.1 1.2 1.1

Feb. '74 1.2 1.7 1.6 1.7 1.6

,
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APPENDTX "ABLE 2A-1

Sample Transect F Transect G
Parameter Date F-1 F-2 G-1 G-2 Average

Orthophosphate Sept. '73 0.18 0.21 0.21 0.22 0.21
mg/l P Dec. '73 0.16 0.18 0.16 0.18 0.17

Feb. '74 0.07 0.11 0.13 0.14 0.11

T'tal Phosphorus Sept. '73 0.19 0.22 0.21 0.22 0.21
mg/l P Dec. '73 0.24 0.27 0.25 0.27 0.26

Feb. '74 0.12 0.24 0.22 0.24 0.21

Dissolved Oxygen Sept. '73 7.4 7.3 7.3 7.3 7.3
mg/l Dec. '73 12.8 13.1 13.1 12.8 13.0

Feb. '74 13.1 13.0 11.2 11.2 12.1

Chemical Oxygen Demand Sept. '73 12 16 12 16 14
mg/l Dec. '73 15 15 15 16 15

Feb. '74 13 18 18 107 39
Total Suspended Solids Sept. '73 112 102 36 102 88

mg/l Dec. '73 113 133 123 121 123 .

Feb. '74 92 184 138 332 187

Total Dissolved Solids Sept. '73 446 518 508 506 495
mg/l Dec. '73 452 458 432 460 451

Feb. '74 314 466 456 448 421

Ilardness Sept. '73 208 231 225 231 224
mg/l CACO Dec. '73 232 246 245 244 2423

Feb. '74 148 232 203 206 197

Arsenic Sept. '73 0.004 0.004 0.004 0.006 0.005
mg/l Dec. '73 0.003 0.003 0.003 0.004 0.003

Feb. '74 0.002 0.003 0.003 0.003 0.003,

Cadmium Sept. '73 0.008 <0.001 0.006 0.001 <0.004
mg/l Dec. '73 0.005 0.007 0.006 0.007 0.006

Feb. '74 0.012 0.024 0.010 0.025 0.010
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APPENDIX TABLE 2A-1

Sample Transect F Transect G
Parameter Date F-1 P-2 G-1 G-2 Average

Iron (total) Sept. 273 1.4 1.4 1.4 1.3 1.4
mg/l Dec. '73 2.5 2.4 2.3 2.4 2.4

Feb. '74 1.2 2.5 2.9 2.0 2.2

Copper Sept. '73 0.011 0.009 0.016 0.010 0.012
mg/l Dec. '73 0.002 0.007 0.005 0.007 0.005

Feb. '74 0.017 0.022 0.018 0.016 0.018

Lead Sept. '73 <0.02 <0.02 <0.02 <0.02 <0.02
mg/l Dec. '73 C.05 0.05 0.01 0.01 0.03

Feb. '74 <0.02 <0.02 0.03 0.03 <0.03

Mercury Sept. '73 <0.1 <0.1 0.1 0.1 <0.1
tig/l Dec. '73 0.4 0.3 0.0 0.1 0.2

Feb. '74 <0.1 <0.1 <0.1 <0.1 <0.1

Chromium Sept. '73 0.015 0.007 0.013 0.005 0.010
mg/l Dec. '73 0.003 0.003 0.003 0.003 0.003

Feb. '''i 0.011 0.004 0.006 0.004 0.006

Selenium Sept. '73 <0.001 <0.001 <0.001 0.001 <0.001
mg/l Dec. '73 <0.001 <0.001 <0.001 <0.001 <0.001

Feb. '74 <0.001 <0.001 <0.001 <0.001 <0.001

Sulfate Sept. '73 151 206 202 151 178
mg/l Dec. '73 82 100 97 102 95

Feb. '74 45 106 86 95 83

Ilexane Solubles Sept. '73 2 1 3 2 2
mg/l Dec. '73 8 9 7 10 9

Feb. '74 6 3 2 2 3

Fecal Coliforms Sept. '73 74C 1500 1300 1200 1185
number /100 ml Dec. '73 1800 2100 3900 3400 2800

Feb. '74 680 970 880 1000 883
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APPENDIX TABLE 2A-1

Sample Transect F Transect G
Parameter Date F-1 F-2 G-1 G-2 Average

Total Coliforms Sept. '73 3700 12,000 12,000 16,000 10,925
number /100 ml Dec. '73 3100 4600 3900 4600 4050

Feb. '74 1900 1700 1400 1600 1650

.
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APPENDIX TABLE 2A-2!

g AVERAGE DENSITIES OF PLANKTON COLLECTED IN THE MISSOURI RIVER
5 AT TRANSECTS F !'JD G IN SEPTEMBER, 1973a

PHYTOPLANKTON (cells per liter)

Stations Greens Diatoms Blue-greens Others Total

F-1 89 153 12 34 '88

F-2 149.5 212.5 27 32.5 4.11.5

G-1 86 207.5 16 25 334.5

G-2 85 108 14 13 220

i
3 ZOOPIJd;KTON (organisms per liter)

Stations Rotifers Cladocerans Copepods Total

F-1 44.1 0 5.3 49.4

F-2 42.5 0.2 3.0 45.7'

G-1 49.4 0.2 1.8 51.4

' G-2 16.2 0 1.6 17.8

8

" Plankton was also collected from Transects F and G in
December, 1973, and February, 1974, but these samples
were not analyzed.
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APPENDIX TABLE 2A-3

V' MACROINVERTEBRATES COLLECTED FROM THE
MISSOURI RIVER - STATIONS T AND G

,
Date Station Organism No./m'

September F-1 Diptera
1973 Tendipedini sp. C 14

Unidentified 7

G-1 Diptera
Tendipedini sp. C 21

'I
,

-

Crustacea
Hyalella azteca 7

G-2 Diptera
Tendipedini sp. C 14
Tendipedini sp. C-1 42
Trichocladius sp. 21

O, Decerber F-2 Diptera
./ 1973 Ceratopogonidae

(unidentified) 7

i Odonata
Argia sp. 7

g Trichoptera
E Hydropsyche orris 7

G-2 Dipterag
g Ceratopogonidae

(unidentified) 98

7 Annelida
11 Oligochaeta

(unidentified) 7

,
.4

ih

.

t
E

I
.



m M M M M M M M M M M M M M N

APPENDIX TABLE 2A-4

ITEM ANALYSIS OF STOMACil CONTENTS OF FISII FROM TRANSECTS F AND G, MISSOURI RIVER
COI.LECTED DURING SEPTEMf1ER, 1973 (NUMDEFS REPRESENT PERCENT OF WEIGIIT)

P '.~K)D ITE.HS
Number of Number of Unlil EtTfied Mean

Fish Stomachs Empty Green Other Organic Weight / Total
Species Examined Stomachs Alejae Diptera Insecta Pelocypoda Fish Material Stomach weigly

Gizzard Shad 1 0 100 3.59 0.59

Carp 11 0 1 45 10 4 40 1.01 11.14

River Carpsucker 8 1 10 90 0.43 2.99

Goldeye 1 0 100 0.36 0.36

Blue Catfish 1 0 100 0.20 0.20

Largemouth nass 2 0 1 98 1 16.21 32.43

White Crappie 4 0 26 62 12 0.1Q 0.39

Bluegill 1 0 71 29 0.11 0.11

Freshwater Drum 1 0 5 95 0.25 0.25
.

TOTALS 30 1

i
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APPENDIX TABLE 2A-5

ITEM ANALYSIS OF STC: MACH CONTENTS OF FISH FROM TRANSECTS F AND Gv
MISSOURI RIVER COLEECTED DURING DECEMBER, 1973

Number of Number of
Stomachs Empty

Fish Species Examined Stomachs

Gizzard shad 21 21

Carp 5 5

Smallmouth buffalo 1 1

Skipjack herring 2 2

White crappie 1 1

Freshwater drum 2 2

TOTALS 32 32
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es APPENDIX 3A-1

'~'
~

SPECIES LIST CF PLA'iTS IDENTIFIED IN AN
INTENSIVE STUDY ARE', CALLAWAY CCUNTY, MISSCURI,

Common Nare Scientific Nacea
. - .

w
American elr- Ulmus americana

American hornbeam Carpinus caroliniana

CAmerican ipecac Gillenia stipulata

Anomalous aster Aster anomalous

Baldwin's ironweed Vernonia baldwini

Basket-cak Quercus nichauxii

Basswood Tilia americana

Bitternut hickory Carya cordifornis

Black cherry Prunus serotina

F\ Black c.um Nvssa sylvatica
1

.

-

Black jack cak Quercus carilandica'

Black locust Robinia pseudoacacia

Black cak Quercus velutina

Black walnut Juglans nigra

Blue vervain Verbena hastata

Blunt-lobed woodsiaC Woodsia obtusa

4 Bowman's root Gillenia trifoliata
|b

Bradbury monarda Monarda bradburiana

Bristly greenbrier Smilax tannoides

Broad-leaved panic grass Panicum latifolium

Broad-leaved spike grass Uniola latifolia

Buffalo clover Trifolium stoloniferun
,,

ch, Bullace plun Prunus insititia
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APPENDIX 3A-1 (continued)i
:

v

Common Name Scientific Name

eCanada cinquefoil Potentilla pumila

Canada goldenrod Solidago canadensis

Carolina buckthorn Rhamnus caroliniana

Carolina rose Rosa carolina

Cherry Prunus sp.

Choke cherry Prunus virginiana

Clammy ground cherry Physalis heterophylla

Clover Trifolium sp.

E Common cincuefoil Potentilla simplex

Common milkweed Asclepias syriaca

Common mullein Verbascum thapsus

|
Common persimmon Diospyros virginiana

Common ragweed Ambrosia artemisiifolia

I Common strawberry Fragaria virginiana

Coral berry Symphoricarpos orbiculatus

Crabgrass Digitaria sanguinalis

cCream-colored false indigo Baptisia leucophaea

c
Crooked-stened aster Aster prenanthoides

Crown-beard Verbesina occidentalis

} Daisy fleabane Erigeron annuus
a

Downy serviceberry Amelanchier arborea

Eastern white pine # Pinus strobus

Ebony spleenwort Asplenium platyneuron

b' Elm Ulmus sp.'

b
. Elm-leaved goldenrod Solidago ulmifolia
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APPENDIX 3A-1 (continued)

'

Common Name Scientific Na e

False buckthorne Bumelia languinosa

False dragonheade Physostegia virginiana "-

False Solomon's-seale Smilacina racemosa

Field milkwort Polygala sanguinea

eField garlic Allium canadense

Florida lettuce Lactuca floridana

Flowering dogwood Cornus florida

cFour-leaved milkweed Asclepias quadrifolia

Fragrant sumac Rhus aromatica

Frost grape Vitis vulpina

Globose cyperus Cyperus ovularis

cGoats-rue Tephrosia virginiana

Golden Alexanders Zizia aurea

Grass (Unknown)

Green ash Fraxinus pennsylvanica

cGreen dragon Arisaema dracontium

eGround plum Astragalus mexicanus

Hackberry Celtis occidentalis

Hairy agrimony Agrimonia pubescens

Hairy mountain-mint Pycnanthemum pilosum
i

' C' Hairy ruellia Ruellia carolinensis

Hairy skullcap Scutellaria elliptica

Hawthorne Crataegus sp.

Hickory Carya sp.

Hog-peanut Amphicarpa bracteata

El
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APPENDIX 3A-1 (Continued)

Common Name Scientific Name,,

k' Hogwort Croton capitans

Honey-locust Gleditsia triacanthos

Honewort Cryptotaenia canadensis s . .-

Hop-hornbeam Ostrya virginiana

Horse nettle Solanum carolinense

Inland rush Juncus tenuis

Knotweed Polygonum aviculare

eLarge-bracted tick-trefoil Desmodium cuspidatum

cLate purple aster Aster patens

Lead plant Lathyrus japonicus

CLeast hop-clover Trifolium dubium

Little bluestem Andropogon scoparius

CLoblolly pine Pinus taeda
,

)
CLoosely-flowered panic-grass Panicum laxiflorur

Low hop-clover Trifolium procumbens

Mad-dog skullcap Scutellaria lateriflora

Mild rose Rosa blanda

g Mockernut hickory Carya torentosa

h Naked flowering scape trefoilc Desmodium nudiflorum

Onion Allium sp.

Osage orange Maclura ponifera

C Helianthus stru osusPale-leaved wood sunflower

3i Pale plantain Plantago rugellii
n
m

Partridge-Pea Cassia fasciculata

cPecan Carya illinoensis

( Perfoliate bellwort Uvullaria perfoliata

Shcot 4



8
9 APPENDIX 3A-1 (continued){
w,

Common Name Scientific Name

Pignut hickory Carya glabra

Pilose aster Aster pilosus

ePinkweed Polygonum pensylvanicum

I Pink wild bean Strophostyles umbellata

Plantain-leaf everlasting Antennaria plantagnifolia

Poison ivy Rhus radicans

Pole-spike-lobelia Lobelia spicata

cPossum-Haw Ilex decidua

Post-cak Ouercus stellata

Prairie blazing star Liatris pycnostachyac

Prairie rose Rosa setigeraq

Purple cone flower Echinacea purpureaC

Redbud Cercis canadensis

Red cedar Juniperus virginiana

Red clover Trifolium pratense

Red mulberry Morus rubra

Red oak Quercus rubra

Red willow dogwood Cornus amomum

Rough avens Geum virginianum

Rough bedstraw Galium asperellum

Rough buttonweed Diodia teres

Rough-leaved dogwood Cornus drummondii

Round-leaved dogwood Cornus rugosa
,

b Roundseed paspalum Paspalum circulare
(v'

Rue-anenome Anemonella thalictroides

Sheet 5
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lhiD| APPENDIX 3A-1 (continued)

Common Name Scientific Name

Running serviceberry Amelanchier stolonifera

Rusty nannyberry Viburnum rufidulum

cScotch pine Pinus sylvestris

cScrub pine Pinus virginianq

Shagbark hickory Carya ovata

.; Sheep sorrel Rumex acetosella
.

Shingle-oak Ouercus imbricare
Slender mountain-mint Pycnanthenum tenuifolium

CSlender gerardia Gerardia tenuifolia

Slender rush Juncus tenuis

I Slippery elm Ulmus rubrab

Smooth-seeded wild bean Strophostyles leiosperma

Smooth serviceberry Amelanchier laevis

Spanish oak Quercus falcata

Spotted spurge Euphorbia maculata

eSquarrose sedge Carex squarrosa

St. John's wort Hypericum sp.

Sugarberry Celtis laevigata

Sugar maple Acer saccharumq
u4
2 Sweet coneflower Rudbeckia subtomenetosa

Sycamore Platanus occidentalis

Tall hellflower Campanula americana
7

h Tall ironweed Vernonia altissima

k~ Thin-leaved hackberry Celtis tenuifolia

H
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'" APPENDIX 3A-1 (continued)

H Common Name Scientific Name

Three-sided mercury Acalypha virginiana

Tickseed-sunflower Bidens aristosa

cTrumpet creeper Campsis radicans

Twice-toothed ragweed Ambrosia bidentata

CTypical paspalum Paspalum pubescens

Violet Viola sp.

Virginia creeper Parthenocissus quinquefolia

Wavy-leaved aster Aster undulatus

Western ironweed Veronica fasciculata

White ash Fraxinus americana

White avens Geum canadense

White clover Trifolium repens

White oak Quercus alba

White oat-grass Danthonia spicata

White sassafras Sassafras albidum

White wild licorice Galium circaezans

Wild bergamot Monarda russeliana

Wild carrot Daucus carota

Witchgrass Panicum capillareg
Woodland agrimony Agrimonia rostellata

m e

} Woolgrass Scirpus cyperinus

Yarrow Achillea millefolium

e
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0 APPENDIX 3A-1 (continued)e[',

s ,

Common Name Scientific Name

Yellow foxtail Setaria lutescens

Yellow wood sorrel Oxalis europaea

H
a Source: Fernald (1370).

b Considered endangered throughout the state of Missouri due to
the Dutch elm disease (Gale, October 25, 1973).

c Randomly sampled.
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MT E!CI A 36-2 i m r. tar sed:

Fre f e rred bame Toad Are at treeding Oestat.cn ..*ter- Yeum
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Plai s "* pen lands; --- Fles.hy rocts, year E; r ang 4 wed s . 4 54

pocket pralrae grasslands. undergrour.d stems
pop!:er pastures, cul*1- cf grasses a .d

rated areas legames
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tr.i cke ts , fallow tubers, flowers, 25 days peats an
fields and under seeds, and sp.ing and
graar snacks fruits cf grasses fall

and sedges
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manders, tards,
snar.e s , s.i re
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I Vhate- Fafture, meadows. 9-;g arres insects, nuts, Fe! ale - 5 ; rinc 21-23 days 4 1-9
facted cultivated fleids, vald seeds, 46-51 days and fala
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a Scrtwarta ar.d Sch.artz (1959).g
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% APPENDIX 3B-3;

CHECKLIST OF ?WC4ALS WHOSE PANGEa
ENCOMPASSES CALLAKAY COUNTY, MISSOURI

FAMILY
Scientific Name Common Name

DIDELPHIDAE

dDidelphis marsupialis Opossum

SORICIDAE

Blarina brevicauda Short-tailed shrew

Crvatotis parva Least shrew

TALPIDAE

dScalopus acuaticus Eastern mole

UI VESPERTILIONIDAE
d

P.yotis lucifugus Little brown myotis^%

/ Myotis grisescens Gray myotis

Myotis keeniic Keen myotis

8 Myotis sodalish,e Indiana myotis

tj Myotis subulatus Small-footed myotis

Lasionycteris noctivagans Silver-haired bat

Pipistrellus subflavus Eastern pipistrelle

Eptesicus fuscus Big brown bat,

!

Lasiurus borealis Red bat

Lasiurus cinereus Hoary bat

Nycticeius humeralis Evening bat
3
!! LEPORIDAE

dSylvilagus floridanus Eastern cottontail
a

5 SCIURIDAE

dMarmota monax Woodchuck

Sheet 1
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APPENDIX 33-3 (continued)

FAMILY
Scientific Name Common Name

SCIURIDAE

Citellus tridecemlineatus Thirteen-lined ground
'

squirrel

Citellus franklini Franklin ground squirrel

Tamias striatus Eastern chipmunk

Sciurus carolinensisd Eastern gray squirrel

dSciurus nicer Eastern fox squirrel

Glauconvs volans Southern flying squirrel

GEOMYIDAE

Geomys bursarius Plains pocket gopher,

'

CASTORIDAE-
,

fCastor canadensis Beaver

CDICETIDAE

Reithr.$cntomys megalotis Western harvest mouse

dPeromyscus maniculatus Deer mouse

dPeromyst'Is leuconus White-footed mouse

Sicmadon hisoidus Hispid catton rat,

Synaptomys cooperi Southern bog lemming

Microtus ochrocaster Prairie vole

Microtus pinetorium Pine vole

dOndatra zibethicus Muskrat

MURIDAE3
' $' Rattus norvecicusL Norway rat

( Mus musculus House mous-
i

Sheet 2



APPENDIX 3B-3 (continued)

FAMILY, -
'

Scientific Name Common Name
'

ZAPODIDAE

Zapus husdonius Meadow jumping mouse

CANIDAE

A
Can2s latrans- Coyote

Vulpes _ fulva Red fox

Urocyon cinereoargenteus Gray fox

PROCYONIDAE

dP_rocyon lotor Raccoon

MUSTELIDAE

Mustela frenatac,d Long-tailed weasel

Mustela vison Mink

A Taxidea , taxus Badger
.}

Spilogale putorius Spotted skunk

d'} Mephitis merhitis Striped skunk
d

Lutra canadensis River otter

CERVIDAE

dOdocoileus vircinianus White-tailed deer

T a After Burt and Grossenheider (1952).
a

b Considered " endangered" by the Miscouri Department of Con-
sarvation (Gale, October 25, 1973).

c Considered " rare" by the Missouri Department of Conservation
(Gale, October 25, 1973).

d Identified on the site.

e Considered dthreatened" by the U.S. Department of Interior (1973).

f Identilied on the Missouri River.{
7 Sheet 3
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ATTEN0!X 3C-1

aLIFE EISEFY CT B ! r.05 ICENTITILO
'

;6 WITILIN TEE CENELAI. STUOY AFJJ , CA1.1.AW AY CDUNTY, MIE S OUK!

4,a
Average Average

\-> Nunie r N ml.e r Incutt ti:.n
Eatite t Food cf Eggs cf Clutc!.es Teracd

f recie s Freference 'TEftren0e h er : utch Fer Year 'da3 c )

W Acadian flycatcher hooded area, near Insects 3 1 13
va te r

Ac.erican t.ittern Marsh, pond Small vertetrates, 4 1 2E
lar;e invertetrates

Acerican geldfinch Eedge r ew seeds, vegetatien t 1 13
w

American widgecn' Open water, rivers Aquatic plants, 10 1 24
. Et11cscs

Laltimere cricle Crchard, fcrest Ir. sect s 4 1 12

! Eald eagle ~ Acek cutcrop s ricar Tist, muskrat 2 1 34
e water
i

Earn twallow Agricu?tur ' area Insects 4 1 15

Eelted kingfisher Near water Fish 6 1 23

Elack-tilled cuckce Terest Insects 2-3 1 14

Elack-capped chickadee Terest, hedgerow Insects, seeds 7 1 12
w

Elack duck' Kiver, streat, n.arsh Aquatic insects,
sr. ails, plar.ts 9 1 26

Elue gocse River, marsh, pend Grasses, aquatic
plants 4 1 23

LD Elue Eresbeak Old field, hed;erow Insects, seeds 4 1 11

% Elue |ay Terest Accrns, berries,
insects 4 1 12

Elue-winged teal Marsh Invertetrates,
aquatic plants 10 1 22

'#c bvhit e Eedgerow agricultural Eeeds, fruits
fields 15 1 23

Erevn-headed ccwt;rd Agr:caltural f:eIds Insects, needs 5 1 1C

Erevn thraster Eed; crew, thicket Inr.,e ct s , grain 4 1 13
$

Canada vo:se~ Lake, pend, river, Crain 1-6 1 29
fields

Otrdinal Ledgerow Insects, seeds 3 1 12

Cattird Thiemet, tedgertw Truits, seeds 4 1 13

Cedar waxw.d Orchard fruits, insects 4 1 12

Chitney twift Lesidential area Ir. sects 4 1 19

Chipping s;arrew Les;dential and Eeeds, insects 4 1 11
agricultural areas

Ocr.non crcw Agricultural area Cratn, f.e eds ,
berries, insects 5 1 18

Eteet 1
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ATTE!C IX 3C-1 (czntanned)

Average Average
- N aber N.m2.e r Inc actict

Eatitat food cf Eggs cf C1tter.es TerlocV TPeries Preferenee Trtference Ter Clutch ler Year ffays)

Co!=non gra: Ele Agricultural area Insects, grain 4 1 14

Cc: mon nighthawk Agricultural area Ir. sects 2 1 19

Cor=nen redp:11 Fcrest edge, open Seeds 4-5 1 11
fields

::ickcis sel open meadow, pasture seeds, fruits 4 1 12

Downy woodpecker Terest, residential insects
areas 4 1 12

' Eastern tluetird C; chard, hedsarow Inse cts, fruit 5 1 12

Enstern kingbird Ernsty old fields Insects 3 1 13

Eastern phoebe Farm Insects 5 1 16

Eastern wood pewee Agricultural areas Insects 3 1 13

Field sparrow Ernahy fencerous Ir.st ts , seeds 4 1 12

T x s; arrow Brustlard seeds 4 3 33
Coiden eagle Terest Larga .reunals , tirds ,

snakes 2 1 31

Orasshopper sparrew Orcssland wit.h Insects
& shrtis 4-5 1 11

bGreat blue heren 1.ake , t.arsh Fist, insects,

I amphitians 4 1 28

Great crested
f;ycatcrer Tcrest Ir nets 5 1 15

( Creat herned cwl Fcrest Manm.als, tirds 2 1 30,

)
Green heren Marsh Small vertetrates,

large invertebrates 4 1 17

Eairy woodpecker Terest, crchard Insects 4 1 14

Earris' sparrow Erushland Seeds 4 1 13

Eerring gull Lake, river Scavenger, decaying
fish, carrien 3 1 26

Ecrned lark Prairie, agric tural Seeds
area 4 1 13

house sparrew Ee sidential Grain, insects 5 3 13

Ecuse wren Icrest edge, Insects 7 1 13
hedgerow

Indigo tutting Eedgerew, agricul- Invertetrates, seeds 4 1 12
tural

E111 deer Ehcreline, open Insects
field 4 1 ;4

Loggertead shrike Open country Mace, small tirds,
grassheppers 4-5 1 11

Mallard Marsh Aquatic plants, grains,
invertebrates 10 1 2E

theet 2
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ATIENCIX E-1 (0:r.t inue:* )
i

.-

'

.
Average Average
Nu.ter Nun:er Ineutat.:n

Eatitat Tood of Eggs of C;ut nes Terie:
Srecies 77,sor e Preference fer ci tch Ter W ar 'fa3,1.

J Marsh hawk Marsh R:<de nt s 5 1 20

Meadowlark Agricultural f; elds Insects, seeds 5 1 14
.2

atoc kingbir d Eesident.a1 area Insects, fru;ts 4-5 1 12

Mourning deve Agra tultural lar.d Seeds, grain 2 2 15

Myrtle wartier Tcrest Insects 4-5 1 12

6

Osprey- River, lake, s tre ar Tish 3 1 20

Pied-billed grebe Deep water :.arsh Aquatic invertet rates,
sn.all vert.etrates 6 1 $

Paleated woodpecker T: rest Ir.s ec ts 4 1 20
%

Tintai1~ F:r.ds, river, r.arsh Aquati p lant s ,
nciluses 10 1 22

Purple n.artan Lesidential are a nsects 4 1 13

Red-bellied wood- b:t ter.lan d , f rest Insects, s e e-d s

pecker 4 1 14

Red-eyed vire: Terest Ir.se ct s , fruits 4 1 13

Eed-heated wood- Open greve s c f t'ers Insects, seeds
pecker 5 1 14

F.e d tu? ed tam k Terest Fodents 2 1 26

Fed-winged t;acr.t ard Marsh, agr: cultural Seeds, insects
field 4 1 11q

Y Ling-necked da:A r.ar sh , siragh Aq ati ;lants, 10 1 --

insects

kctin T<esident;al area, Irsects, earthw:rrs,
h, f rest fruit 4 1 13

'W' Rock d:ve Aq ~ '*--al land Seeds, grain 2 2 15

F.ough-legged hawk Terest v2th :;en Rodents, ir. sects 4-5 1 If

a.reas

W Ec ugh-v;rged swa l. w Cravel pit, bank Insects E-7 1 16

P.uty-thr:ated Ee sider.t2 s i ar e a Sertar 2 1 14
h rr.ingtird

g Euffed grouse Terest Nuts, fru;ts, Luds,
,, , ,

grain .. . .*

Pufrus-sided t: whee Eedger ,, thicket seeds, inserts 3 1 13

9 Elate-01: red ;un o Tield, f rest Seeds, insects 4 1 12

Entw goese I,ake , pe r.d , river. Crain, grasses
.

floodplain 6 1 22

M Eheet 3
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APPENOIK 3;-; (continued)
N

Average Average

' ~'/ N uc.1 e r Nun.be r Inc.Laticn
liatita t rood cf Eggs cf Clutetes feriod

Spe: ie s F re f e rence preference Fe r Cl u t e r. Ter Year fdays)

''
Seng sparrow I,owlar.d tAicke t Insects, seeds 4-5 3 **

E;.arrew havt Agricultural area Insects, 1.1r d s 4 1 29

Starling Agricultaal and Insects, fruits 5 1 14
residential areas

3 warp sparrow Hedgerows Inaects, seeds 4 1 13

Eurse.er ta eger L';1and wood Insects 4 1 12

O Tree sparrow dedgerows Ir. s e ct s , seeds 4 1 13

Tuf ted tit:2ouse Fcrest, hedgerow Insects, seeds 5-6 1 12

Tcrkey Forest Fruat, r.a s t , seeds,

insects 12 1 20

Turkey vulture Terest Carrien 2 1 41

hiip-pocr-will Eardwood forest Ir.se ct s 2 1 14

htite-treasted nuthatch Fcrest Nuts, seeds, ir. sects 9 1 12

White-crew t. '4 starrow Erushland Seeds, insects 4 1 11

tA htite-tt.roated s;arrew Erushland seeds, insects 5 1 13

Wood duck Flooded forest, Nuts, fruits
fi x4 plain 1. ' 1 29

5 Wood thrush Fcrest Inr,e c t s , fruit ' i 14

Yellow-tilled cuenco Crchard, garden, Ir. sect s 3-4 1 14

g woodland
/

Yellcw-treasted chat rcrest Insects 5 1 11

Yellev-shaf ted Agricultural area insects, plar:t s 7 1 17
flicker

Yellowt*.rcat Ernstland, sh arp- .. sects

woodland ecctone 4 1 12

- a Bent, ISE1 througn 1966.

Kcrtright, 1942.

b Epecies ctserved alcng the Missouri River arid nct ot served in the General Stady Arca.
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ATTENO!X 3C-2

. CEECKLIST 02' EIROS WHOSE FJJ4CEa
ENCOMTASE'S CALLAWAY CD;"iTY, MISSOURIe

Sa.mpling
N

Feriod ,' Residency Abundange
Corzien Name Scientific Name Titerved~ Ftatus StaturO0

Acadian flycatcher Erpidenax virescens ES SR c

American bittern C.otaurus Itp.ticinesus S SR r,.

American coct rulica americana SR,SV r

American gcidfinch Frinus tristus ES LS T TR ca

Q A:nerican redstart Seteptara ruticilla SR c

American wfd:ecn Mareca americana KI u
SV ca

American wodcT k Thilchela miner ER r
ha ca

e
Lald eagle' Ealiaeetus leucocephalus WR c

SR ca

Laititcre criols Icterus calbula ER c
ES WR ca

.
Lank swallcw Riparia riparia SR u

Larn owl'e Tyto alha FR r

Barn swallow Eirundo rustica ES,LS SR c

Larred owl Strix varia PR c

Bell's vireo Vireo bellii SR u

Belted kingfisher Mecaceryle L1cyon ES SR e"

%
- Elack-tilled cuckoo Coccyzus erythroptialmus ES LS SR r

.)
Elack-capped Farus atricapillus ES LS W F PR c

chickadee
Black-crow.ed

I night hercn Nycticerax nycticcrax SR u
hl Ca

Black duck Anas rubripes WR u
SV ca

- Elack tern Chlidonias niger FV r

Elue goose Chen caerulescens F WR u
SV ca

D Elte-gray gnattatcher Peliertila cae nlea ER c

Elue grcsheak Guirara caerula LS SR r
'N

Elue jay Cyanocitta cristata S IS LS F W IR c

Else-winged teal Anes discers LS SR,WR ca

Lobwhite Colinus vir:frienus S ES LS T W FR c

Bohemian waxwing L; tvrilla carrulus WR ca

Bor.aparte's gull Larus r'iledelrhia WR ca

Q Erever's blacktird Errhacus eye.nocentalus WR ca

Eroad-winged ha.k p.teo riatvrterus SR u
1

Erown creeper Certhia familiaris WR uv

.

I
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ATTENCIX %-2 (centinued)

.. Sexpling
'

Period Fcsidency Abundance
w . 2

00:~rn Nare Scientific Same Ctse.wed- Fiatus- Status-

,' , ~ Ercsm-headed : . rd Mr. thrus a t e.r S ES LS SR :,i.

t i
t Ere* th:rsher Ocxester.a rufum S ES LS SR c

Eufflehead Bure; hela albeala KT r

Canada g::se Erarta carede s2s k2 c
SR u

Canvaaback Avthva valisiner a WR u

Cardinal Ric hrrr_d er n card:relis S ES LS T W TR e

Car:11na wren Thrvet*. r r u s ludevicier;s PR u

Carplan tern Fvererrrrre c a sr ia W ca

Cattird Ouretella cer-lirensis ES LS T ' SR

Cattle erret Puruicus @ T.' ca

Cedar waxwing Er-tvrilla cedreru- T WR c
SR r

Chestnut-::11ared
1. ngspur Celrarius crnatus WR ca

06'- ey swift Cheetura relerica SS LS SR

Chipping sgarrew 5:12tila rerreri-a SS SR e

u' Chuck-will's wii.w Omprirulgus carclinensis SR u

Oliff evallow _Tetrocheliden pyrrhoneta SR u

00:m:n crew Cervus trachyrvn:hes S IS LS T W TR c

, 0:nn n egret Casrerodius albus SR c

)
,e 00=en gallinule Gallinula chlerepus SR :

00=cn g:1deneye Buttrhala clanrula WR e

C:= n gra:Kle Ouiscalus cuisrula S SS LS T W SR
WR u

Oc==n leen gavia ir er WR ca

00=:n nerganser Merr;s rercenser WR c

Q Or.nen nighthawk Chrrdeiles rinor IS L5 SR

C:=:n redp:11 Aca nt his flamea TW WR ca

00---- Enipe Cere11e callirae: WR

0:,== n te n Fierra hir.:nd: SV ca

0:0per's hawke x 37;;,7 e37p,731 pp u

Ci k:ist,el Spira arericana SS SR c

'
0:utle-crested Thalarr:cerax auritus SR,WR ca

c::::: ant *

Devr.y w dpecker Lendrocepes pubescens TW FR 0

m Eastern bluetird Stalia sialis S ES LS T W SR =
WR u

Eastern kin;tard Tyrannus tyrannus ES LS SR c

'N Sa stern mee dewlark Sturnella n.arna S ES LS T W FR :

h
Ir Sastern p2 ete Sa vernis rhoebe LS SR c

Ea stern w::.d pewee 0:ntepus virens LS LS T SR c

Svening gresbeak Fesperiphena vespertina WR r

g Sy.m
_



AFFECIX 30-2 (centinued)

Sarpling
Feriod Eesidency Abundance

DCornen Name Scientific Name Otserved FtatusC Statusd
_

%

Field sparrew Spizella pusilla S ES LS SR c

./
Tcrater's tern Sterna fcrsteri SV ca

Tcx sparrew Fasserella iliaca T WR u

Cadwall Anas strepera WR u
SV Ca

1 01cssy itis Flegadig faleirellus SV ca

Gciden-crowned kinglet F eculus calendula WR c

Golden eagle Aquila chrysaetes W WR r

Geshawk Accipiter centilis WR r

Crasshcpper sparrow A :modramus savannarum ES SR c

W Great blue heron Ardea herodias SR c
WR r

9 Oreat crested "viarchus crinitus ES SR c
j flycatcher
w

Crest horned owl Pubo v rcinienus IS T W FR cj

Greater Ecaup Avthys r.arila WR r

Green heron Butorides virescers ES SR C

Green-winged teal A as carclirersis WR u
SV CR

Eairy woodpecker rendroceper gra "riE STW FR u

Earlan's hawk puten g,grier,i gp \

Earris's sparrow rrnotriegia q;,ru; yy WR r

o
Henslow's sparrow" Fasserberbulus herslevii SR r

Eerr.ng gull Larus areentatus WR u

liooded merganser Lechodytes cucullatus WR u

3crned lark Eremophila alpestris IS W FR e

Ecuse sparr w Passer domesticus S ES LS T W FR c

liouse wren "'roclodytes ae'.on Es SR e

M indigo tunting Fasserina cya:.ea SR c
ES LS WR ca

Fentucky waterthrush Sciurus neveberacensis SR u

N Eilldeer Charadrius vociferus S LS F W SR c
,

F.ing rail' Rallus elecans r 3( ca

( Laple.nd lengspur Calcarius larponicus WR c

LarL sparr w Chandestes gra :macus SR u

Least tittern s obrychus exilis SR u

Least flycatcher Empidonax minirus SR ca
e

Least tern * f terna albif r ens SR r

W %. Lesser scaup Avttya affinis WR u
SV r

I,
Lincoln's aparrow Melospira linccinii WR r

Little blue heren Florida caerulea SR e

Shee:t 3



ATFENO!X 3C-1 (ccr. tin: e d)

Sa.plin:

Cor cr Nane Scientif1: Name Chstrved' Etatus'-
Ai r.uanceTeriod Residency

k
StatLF-m

Logterhead shrne Lanius ludevicianus SS LL T W FR Cw -

)

/ Long-talled r.arsn ~elmatodytes palustris SR r
" wren WR ca

Long-eared owl Asio etus WR rc

:. SE ca

Loulslanna waterthcust Selurus r- tarilla SR u

s Mallard Anas platyrtynches WR c
.. LS W SR r

Marsh hawk Circus cyaneus FW WR e
SR r

- Mockingtird Mirus pelvele-tos S IS LS F W SR c

M ,urning d ve renlidura tarr,ura S ES LS T W SE c
kT r

G Fyrtle wattler r>endreira g enata S WR r

N;rtt.ern shrike Lanius errutitor WR ca
'l
y Oldsq_aw ClangMa hveralis WR r

3

r

Orchard Cricle 1** crus spurius SR c

Ore::n lune Junco rrera us WR r

Osprey * Fandien haliaetus SV ca

e
Fainted bunting- Pass.erina ciris SE ca

g Farula wertler Tarula americana ER c

E\ Ieregrine fr' con Falco perecrinus WR ca

r4 Tied-t111ed grebe Todily:2us Wiceps F SR r

Tigeon ha=K Talco ecluntarius WR ca

Tileated woodperker DryocoNs pileat us S ES W FR u
'

d I1ne grosbear. ,T_i ni co l a enacleator WR ca

fine sisr.in Spinus pinus WR g

SR ca

rinta11 7.nas acuta WR u

Fra lrie f e '.0:- Falco mexican s WR ca

Prcthanctary wartier Tro-toretaria ritrea SR u

Purple finch CarpO$P ru s T urNT eu s WR u

Purple gallinale TOrphyrula tartinica S*.' ca

Purple nartin Progne subis LS SR c

l Fed-bellied Ces urus carelinus S ES LS T h FR c,

e-' vocdperker
-

Fed-trea sted c.e r anser Mercus serrat r WR,SV ca

.- Red-trESSted nut?.at:7. Sitta canteensis WR u
'

SE ca

Eed crtsstill Lexia curvirostra WR r
SV ca

s

N- F ed-eyed ' i reo L'i reo c liva teus ES LS SE c
i

D EedhEad Iythta amerirana WR I

Red-headed wooeperker e lanerpes e ryt hr ocer-ha l u s tS LS r W rR e

Sheet 4
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ATFEKDIX 30-1 (continued)

* Sarpling
Period residency Abandange

b C 0
Common Name Scientific Karae Observed Status Status

Red-shafted flicker Colartes cafer WR r

U fRed-shouldered hawk Buteo lireatus FR u

Red-tailed hawk Buteo damairensis S ES LS T W TR c

Red-winged blackbird Aceleius rt.oeniceus SR c
S ES LS T WR u

Ring-tilled gull Earus delawerensis WR c

Ring-necked duck Avthya collaris F WR u

Robin ?urdus ricratcrits SR c
S ES LS T W WR n

Rock dove Colun.t a livia IS LS FR c

Ro se-t r e u t e d
gresbeak Pheacticus ludevicianus SR u

Rough-legged hawk Buteo lagepus F WR u

Rough-winged swallch Fteleiderteryx ruficollis LS SR c

Ruby-crowned ringlet Feculus satrepa WR r

Ruby-throated
Eum".ingbird Archilochus celutris ES LS SR C

Ruddy dark Cxyura hmaicensis WR,SV ca

4
.

Ruffed grouse' Lonasa ucbellus T FR ca

Rufous-sided towhee Firilo erythrophthalmus ES LS SR e

Rusty blacktird Euphagus carolinus WR r

.* WR caSavannah sparrow Fasserculy sandwichensis

Saw-whet evi Aecolius acadicus WR ca

Scarlet tanager Firanga o ivacea SR u

Screech cwl Otus asic FR u

fSharp-shinned hawk Accipiter striatus FR u

"istethorus platensis SR uShcrt-tille d

marsh wrc.? WR ca

Shcrt-eared owl Asic flarrens WR u

Shcveler Spatula clsicata WR r

SV ca

Slate-cc1:: red junco Cunro hveralis FW WR e

Snow bunting Flectrerhenax r iva li s; WR ca

Snow gocse Chen hvperberee T WR u
SV ca

Snowy egret Leucertevx thula SV u

Snowy C'W1 Nyrten sca*diace WR ca

Song sparrow Melcrrira relofia SR ca
S ES T W VR c

Scra rail Fer:ana carolina SR ca

N,.
> Sparrcw hawk Talco sparverius S ES LS T W FR c
Q)

Spotted sandpiper Actitic macularia ER u

RH Sta.rling Sturnus vulgaris S ES LS T W TR e

Sue:mer tanager Tiranga rubra S ES SR c

Sheet 5
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AFFENDIX 30-2 (continued)

h Sampling
i Fcriod Residency Abundance

D C 0'

Commen N a-e Scientific Name Ctserved Status Ftatusm)
Swamp sparrow Melospira gecrgiana F WR u

Traill's flycatcher Empidonax traillii SR u

Tree sparrow Spirella arborea W WR c

Tree swal10w Iriderroene bicolcr ER u

Ptf ted titmouse Farus bicolcr ES F W TR c

Turkej Meleagris gallopavo SF FR r

G -1Mrkey vulture Ca t ha rt e s aura ER e
S ES LS WR r

Upland plover * Eartraria loncicauda SP u

W Virginia rail Rallus liricola ER ca

Warbling vireo Vireo gilvus SR c

Western meadowlark Sturnella neclecta ER u

Whip-pcx.r-will Caprimulcus vociferus ES LS SR c
%

'

htistling swan Clor colud ianus WR r

White-treasted Sitta carolinensis F W FR c
nuthatch

htite-crowned Zanotrichia leucophrys F WR c
G sparrow

%,

il .>f White-eyed vireo Vireo griseus SR u
,

IN White-fronted gocse Anser albif rons SV,WR ca

White ibis 2udocimus albas SV ca

White relicou Felecan us e rs-thrertynches WR,SV ca

White-throated 7anctrichia alticallis F WR e
sparrow

1) Whi te-win:7ed Loxia leucortera WR ca
crcombill SV

M Winter wren Troclodytes troglodytes WR u

LD Wood duck AA srensa ER e
WR r

Wood thrush Hvlocichia rustelina ES SR e

e Worm-eating warbler Helrithercs r iverus SR r

Yellow-belli,d Frhvreri us varius WR u
sapsacker

Yellow-billed cuckoo Cocevrus emericanes ES SR c

Yellow-breasted chat L|:*Jril E.ir e r. s ES SR r

Q Yellow-crowned Nveticerer r.iM* m SR u
night hercn

I
,

,
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s
b AFFENDIX 3C-2 (continued)
%)

Sampling
Period Residency Abundance

Common Name Scientific Name ObservedD StatusC Statusd

Yellow-shafted flicker Colaptes auratus IS LS F W PR c

1- Yellowthroat Geothlypis trichas ES SR c

Yellow-throated vireo Vireo flavifrons SR u

Yellow warbler Dendroica petechia SR C

?
a Rchbins et al., (1966)
b S - SPrin9'

ES - Early Summer
LS - Late S=ner
F - Fall
W - Winter

c Audubon Society (1971)
PR - Permanent resident
WR - Winter resident (December 21 - February 20)
SR - Summer resident (breeding)
SV - S=cer visitor

-). d Audubon Society (1971)
C - Cc= mon (easily observed)
U - Uncommon (infrequently reported)
R - Rare (sparingly recorded)
CA - Casual (reported only a few times)

e Gale (October 25, 1973)
Species is considered " endangered" (survival within Missouri is in jeopardy) by
the Missouri Department of Conservation.

f Gale (October 25, 1973)
Species is considered " rare" (in small numbers and may become endangered) by the
Missouri Department of Conservation.

H
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APPENDIX 3D-1 (continued)

FAMILY
Scientific Name Common Name Ifabitat

Acrin crepitann blanchardi Blanchard's cricket frog Ponds, marnhos

Pseudacris trineriata trineriata Western chorus frog Low vegetation

MICROlIYLIDAE -

Gantrophryne carolinensis Eastern narrow-mouthed toad Various habitats

RANIDAE

Rana palustris Pickerel frog Streams, bogs

Itana pipiens complex I,eopard frogs Marsh, ponds, backwaters

Itana areolata circulosa Northern crawfish frog Durrown

Hana clamitann melanota Green frog Springs, creeks, ditches
bRana catenbeiana Dullfrog Aquatic

a Dy Conant (1958).

b The species has been identified on the site.
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APPENDIX 3D-2

CEECKLIST CP REPTILES WHOEE
RANGE" ENCOVSASSES CALLAWAY COUNTY, MISSOURI

.

TAMILY
, Scientific Name Comon Name Mabitat

CEELYORIDAE

w
Chelydra serpentina' Co:nmon snapping turtle Aquatic

Sternethaerus odoratus Stinkpot Muddy ponds

TESTUOINICAE

bTerrapene carolira triuncuis Three-toed box turtle Timbered hillsides

- Terranere errata crnata Ornate bcx turtle Grassy fields

tg Crartemvs reocraphica Map turtle Streams, rivers

Grortervs krtni Mississippi map turtle Rivers, lakes

Grarterve rseudoreorreP ira cuarhitersis Ouachita map turtle Rivers

Chrvservs ricta belli. Western painted turtle Muddy pends

Pseudetrys srrirta elecans Red-eared turtle Pcnds, ditches

W TRIONYCEIOAE

Trioryx srinifer hartwesi Western spir:y sof tshell Muddy ponds, rivers

Trionyx rnaticus Smocth softshell Muddy ponds, rivers

IGUANICAE

Seelencrus undalatus hyacinthinus Northern fence lizard Timbered hillsides

M ANGUICAE

'N Ophisaurus attenuatus attenuatus western slender glass lizard Grassy fields
3

J
TE!!LAE

Cnemidophorus sexlineatus Six-lined racerunner Grassy fields

SCINCIDAE

Lycesoma laterale Ground skink Wooded areas

.
Eumeces laticeps Broad-head skink Arboreal

, Eumeces anthracinus pluv:alis Southern coal skir.k Moist areas

Eumeces fasciatus Five-lined skink Decaying vegetaticn

COLUERIDAE

';a t ri x rrahami Graham's water snake T atids , lakes

Na t rix e rythrocas te r t ra* sve rs a Blotched water snake Streams, ponds

Natrix e i ne* ' siw - Northern water snake Streams*

Natrix rhartifera rhomb:fera Diamond-backed water snake Sloughs, ponds

Storeria occiritomaru'ay ceci- tomaculata Northern red-bellied snake Woodlands
ijk

Stereria dekari yrirhterum Midland brown snake Meist woods, marshes

Stereria dekavi texana Texas brown snake Mo;st woods, bogs

G Thamrophis sauritus rrrxi-us Western ribbon snake Oitches, marshes

hThamnophis sirtalis sirtalis Ee. stern garter snake '".rasslands, ditches

Thamnephis sittalis parietalis Rad-sided garter snake Grasslands, ditches
y
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APFEN0!X 3D-2 (cor.tinue d)

0 ,

.I, FAMII,Y -

k/ Scientific Name Common Name Entitat

. | COMERlLAE
r
,

Trocidoclonien lireatum lineatur N rthern lined snake Under rocksi

Ba l de_a_ va l . r i a e Emocth earth snake Tiriered hillsides_

,
9

lie t e rof en ri a tvrM *rs Eastern hognose snake Open fields
d

Diad?rhis puretatus arrvi Prairie ringneck snake Doen woods

Carrker'is arse.,s veris Western w:rm snake M ist woods

n Celuber c .strir cr flaviventris Eastern yellow-bellied racer Rocky hillsides

Ctheodrys aesti us Rough green snake Arb real

0
. Ooheodrvs vernalis blanchardi Western smooth green snake Gr a s s la n:'s , timbered

^ ^

h:21 sides

Elarhe ctseleta etseleta Black rat snake Moist woodlets

Pituertis r1 elan:leures sayi Ballsnake Timbered areas

Lampropeltis callicaster callicaster Prairie kingsnake Tartures, cpen f l e. l d s

1,ampropeltis getulus 5:1brocki Speckled kingsnake E111 sides, uplands

1,amprepeltis deliata syspila Red milk snake Mcist habitats

-' VIFERIOld

Agkistrodon contortrix m:kesen Northern copperhead Wooded hillsides

Oh Sis tr arus catenatus catenatus Eastern massasaugas Marshy areas0

Cretalus horridus horridus Timber rattlesnake Bluffs

-' a After Conant (1952)

- t The species has been observed on the site.

c Considered rare within Missouri (Gale , Octobe r 15, 1973).
IT'

N.

', Sheet 2
r

3

)

B

.
e.,r

Ib

-

.

- -.-. . _ .-
- . - . _ _ . . . . . . . . - . . . _ , . . - .,



@ c

CLLLD7AYPLANT
UNITS 1 and 2

PRECONSTRUCTION MONITORING

ANNUAL SU14]ILRY
O

% es m aaenua %2saar

O
gm2J29"



TABLE OF CONTENTS

SECTION TITLE

1. GENERAL INTRODUCTION

2. AQUATIC ECOLOGY

2.1 INTRODUCTION

2.2 METHODS AND MATERIALS
2.2.1 DESCRIPTION OF SAMPLING LOCATIONS
2.2.2 WATER QUALITY
2.2.3 PHYTOPLANKTON
2.2.4 ZOOPLANKTON
2.2.5 VASCULAR HYDROPHYTES
2.2.6 BENTHIC MACROINVERTEBRATES
2.2.7 FISH

2.3 RESULTS AND DISCUSSION
2.3.1 WATER QUALITY
2.3.1.1 Missouri River
2.3.1.2 Logan Creek
2.3.2 PHYTOPLANKTON
2.3.2.1 Missouri River
2.3.2.2 Logan Creek
2.3.3 PRIMARY PRODUCTIVITY8 2.3.3.1 Missouri River
2.3.3.2 Logan Creek
2.3.4 ZOOPLANKTON
2.3.4.1 Missouri River
2.3.4.2 Logan Creek
2.3.5 VASCULAR HYDROPHYTES
2.3.5.1 Missouri River
2.3.5.2 Logan Creek
2.3.6 BENTHIC MACROINVERTEBRATES
2.3.6.1 Missouri River
2.3.6.2 Logan Creek
2.3.7 FISH
2.3.7.1 Missouri River
2.3.7.2 Logan Creek

2.4 ECOLOGICAL SUMMARY

2.5 CONCLUSIONS AND RECO."S.ENDATIONS

2.6 REFERENCES

@'



TABLE OF CONTENTS (continued)

SECTION TITLE

3. TERRESTRIAL ECOLOGY

3.1 INTRODUCTICN

3.2 METHODS AND MATERIALS
3.2.1 VEGETATION AND SOILS
3.2.2 MMiMALS
3.2.3 AVIFAUNA
3.2.4 AMPHIBIANS AND REPTILES
3.2.5 INVERTEBRATES

3.3 RESULTS AND DISCUSSION
3.3.1 VEGETATION AND SOILS
3.3.1.1 Prairie Vegetation Type
3.3.1.2 Forest Vegetation Type
3.3.1.3 Soils
3.3.2 MAFRALS
3.3.2.1 Small Mammals
3.3.2.2 Large Mammals
3.3.2.3 Inventory of Observed Species
3.3.3 AVIFAUNA
3.3.3.1 Prairie Habitats
3.3.3.2 Forest Habitats
3.3.4 AMPHIBIANS AND REPTILES '

3.3.4.1 Amphibians
3.3.4.2 Reptiles
3.3.5 INVERTEBRATES

3.4 ECOLOGICAL SUMMARY

3.5 CONCLUSIONS AND RECOMMENDATIONS

3.6 REFERENCES

4. APPENDIXES A AND B

._

@



LI 'T Jr TABLES

NUMBER TITLE

2.3.1-1 Water Quality Data fror the Missouri River and
Logan Creek, Spring 1974

2.3.1-2 Water Quality Data from the Missouri River and
Logan Creek, September 1974

2.3.1-3 Trace Metal Concentrations from Missouri River
and Logan Creek Vater Samples, Spring 1974

2.3.1-4 Trace Metal Concentrations (mg/1) from Missouri
River and Logan Creek Water Samples, September
1974

2.3.2-1 Densities (cells / liter) of Phytoplankton
Collected in the Missouri River and Logan Creek,
June 1974

2.3.2-2 Densities (cells / liter) of Phytoplankton Collected
in the Missouri River and Logan Creek, September
1974

2.3.4-1 Density (organisms / liter) of Zooplankton Collected
frce the Missouri River and Logan Creek, June 1974

2.3.4.2 Density (organisms / liter) of Zooplankton Collected
from the Missouri River and Logan Creek, September
1974

2.3.6-1 Benthic Macroinvertebrates Collected from the
Missouri River and Logan Creek, June 1974

2.3.6-2 Wet-Weight Beathic Macroinvertebrate Biomass and
Densities for Missouri River and Logan Creek,
June 1974

2.3.5-3 Benthic Macroinvertebrates Collected from the
Missouri River and Logan Creek, September 1974

2.3.6-4 Wet-Weight Benthic Macroinvertebrate Biomass and
Densities for Missouri River and Logan Creek,
September 1974

2.3.6-5 Number of Benthic Macroinvertebrates Collected
in a Meteted Larval Net in the Missouri River,
June 23, 1974

2.3.6-6 Nur.~cer of Benthic Macroinvertebrates Collected
in a Metered Larval ::et in the Missouri River
June 23 and September 8, 1974



LIST CF TABLES (continued)
ONUMEER TITLE

2.3.6-7 Number of Benthic Macroinvertebrates Collected
in Drift Nets in Logan Creek, June 22, 1974

2.3.6-8 Benthic Macroinvertebrates Collected from
the Missouri River and Logan Creek During July (J-3)
September (5-3), December (D-3), 1973, and
February (F-4), June (J-4), and September (S-4),
1974

2.3.7-1 Species of Fish Collected in the Missouri River
and Logan Creek

2.3.7-2 Total Number and Length Range of Fishes Collected
with Gill and Pyke Nets from the Missouri River,
June 1974

2.3.7-3 Tctal Number and Length Range of Fishes Collected
with a Boom Electroshocker in the Missouri River,
September 1974

2.3.7-4 Total Number and Length Range of Fishes Collected
with Gill and Fyke Nets from the Missouri River,
Septerier 1974

2.3.7-5 Total Number and Length of Fishes Col]ected with
Seines in the Missouri River and Logan Creck,
June 1974

2.3.7-6 Total Number and Length Range of Fishes Collected
with Seines in the Missouri River, September 5, 1974

2.3.7-7 Condition Factor and Length-Weight Regressions for
Five Species of Missouri River Fish Collected,
June and September 1974

2.3.7-8 Larval Fish Collected with a Metered Tow Net from
the Missouri River, June 23, 1974

2.3.7-9 Total Number and Range of Fishes Collected with
Seines in Logan Creek, September 6, 1974

2.3.7-10 Mear .uk-C;;cul-ted Total Length (en) at End of
Eacn Year of Life of Bluegill and Gizzard Shad
Collected in 1974

3.3.1-1 Scme Characteristics of Ground Layer Vegetation
Based on PIct Clippings at the callaway Plant
Site, Callaway County, Missouri, Fall 1974



LIST OF TABLES (continued)

NUMBER TITLE

3.3.1-2 Some Characteristics of Ground Layer Vegetation
Based on Plot Clippings at Sampling Stations
of the Callaway Plant Site, Callaway County,
Missouri, May-June 1974

3.3.1-3 Comparisons Within and Between Sampling Stations
Based on Calculated Importance Values for Major
Component Species of Ground Layer Vegetation
Occurring in Subplots of Prairie Habitats,
Callaway Plant Site, Callaway County, Missouri,
Fall 1974

3.3.1-4 Comparisons Within and Between Sampling Stations
Based on Calculated Importance Values for Major
Component Species of Ground Layer Vegetation
Occurring in Subplots of Prairie Habitats,
Callaway Plant Site, Callaway County, Missouri,
May-June 1974

3.3.1-5 Comparisons Within and Between Sampling Stations
Based on Calculated Importance Values for Major

- Component Species of Understory Layer Vegetation
Occurring in Subplots of Prairie Habitats,
Callaway Plant Site, Callaway County, Missouri,
Fall 1974

3.3.1-6 Comparisons Within and Between Sampling Stations
Based on Calculated Importance Values for Major
Component Species of Ground Layer Vegetation
Occurring in Subplots of Forest Habitats, Callaway
Plant Site, Callaway County, Missouri, Fall 1974

3.3.1-7 Comparisons Within and Between Sampling Stations
Based on Calculated Importance Values for Major
Component Specier of Understory Layer Vegetation
Occuring in Cabplots of Forest Habitats, Callaway
Plant Site, Callaway County, Missouri, Fall 1974

3.3.1-8 Comparisons Within and Between Sampling Stations
Based on Calculated Importance Values for Major
Component Species of Overstory Layer Vegetation
Occurring in Subplots of Forest Habitats, Callaway
Plant Site, Callaway County, Missouri, Fall 1974

3.3.1-9 Comparisons Within and Between Sampling Stations
Based on Calculated Importance Values for Major
Component Species of Ground Layer Vegetation

9 Occurring in Subplots of Forest Habitats, Callaway
Plant Site, Callaway County, Missouri, May-June,
1974



LIST OF TABLES (continued)
,-r W,, 3. ,.n r. n, 2.ua _

3.3.1-10 Chlorinated Hydrocarbor Concentrations of the
Soil at the Union Electric Callaway Plant,
Units 1 and 2 Site

3.3.1-11 Chenical Characteristics of the Soil at the
Union Electric Callaway Plant, Units 1 and 2
Site

3.3.2-1 Estinated Small Mammal Densities (per acre) for
Permanent Earpling Stations Located in Forest
Habitat, Callaway Plant Site, Callaway County,
Missouri, Spring and Fall, 1974

3.3.2-2 Estimated Small Mammal Densities (per acre) for
Permanent Sampling Stations Located in Prairie
Habitat, Callaway Plant Site, Callaway County,
Missouri, Spring and Fall 1974

3.3.2-3 Standard Measurerents of Small Mannals Captured
on the Callaway Plant Site, Callaway County,
Missouri, Spring and Fall 1974

3.3.2-4 A Phylogenetic Listing of Man =al Species Observed
on or Immediate to the Callaway P3 ant Site During
the 1973-74 Baseline Survey, the Initial Monitoring
Survey, May-June 1974, and the Fall Survey,
Septerter 1974, Callaway County, Missouri

3.3.3-1 Estimated Mean Avian Densities (number / acre) for
Fernanent Sampling Stations on the Callaway Plant
Site, Callaway County, Missouri, Spring and Fall
1974

3.3.3-2 Ccaparisons of Mean Bird Density (per acre) Based
on Observations Made at or Immediate to Permanent
Sanpling Stations Located in Similar Habitat Types
of the Callaway Plant Site, Callaway County,
Missouri, Early June 1974

3.3.3-3 Avian Diversity Based on the Maximus Species
Observed in any One-Day Survey of Transects That
Traverse Eight Permanent Sarpling Stations Located
Witnin the Callaway Plant Site, Callaway County,
Missouri, Spring 1974

3.3.3-4 Avian Diversity of Consonly Nesting Birds Based On
the Maximun Species Observed in any one-Day Survey
of Transects That Traverse Eight Permanent
Sarpling Stations Located Within the Callaway
Plant Site, Callaway County, Missouri, Early June
1974



LIST OF TABLES (continued)

NUMBER TITLE

3.3.3-5 Avian Diversity for the Eight Permanent Sampling
Stations, Callaway Plant Site, Callaway County,
Missouri, Fall 1974

3.3.3-6 Checklist of Bird Species Observed During the
Environrental Baseline Inventory (June 1973),
the Spring Monitoring Survey (June 1974), and
the Fall Monitoring Survey (September 1974),
Callaway Plant Site, Callaway County, Missouri

3.3.4-1 Variety and Numbers of Herpetofauna Cbserved in
the Vicinity of the Callaway Plant Site, Callaway
County, Missouri, Spring and Fall 1974

3.3.4-2 Variety and Numbers of Herpetofauna Observed
Within Permanent Sampling Stations Located on
the Callaway Plant Site, Callaway County, Missouri,
Spring and Fall 1974

3.3.4-3 Amphibians and Reptiles Marked and Released in
the Vicinity of Permanent Plots, Fall 1974

6 3.3.5-1 Taxonomic Identification of Invertebrates Collected
in Selected Permanent Forest (F) and Prairie (Pr)
Sampling Stations Located within the Callaway Plant
Site, Callaway County, Missouri, June 1974

3.3.5-2 Taxonomic Identification of Invertebrates Collected
in Selected Permanent Forest (F) and Prairie
Sampling Stations Located Within the Callaway Plant
Site, Callaway County, Missouri, September 13, 1974

3.3.5-3 Comparison of Invertebrate Specimens Collected by
Permanent Study Plot and Transect During the
Spring and Fall Sampling Period, 1974 on the
Callaway Plant Site, Callaway County, Missouri

@



LIST OF FIGURES

Number Title

2.2.1-1 Location of Aquatic Sampling Stations

2.3.1-1 Relationship Between Water Quality and
Discharge

2.3.2-1 Mean Weekly Discharge of the Missouri
River, Hermann, Missouri

2.4-1 Majos. Ecological Associations

3.2-1 Locations of Permanent Sampling Stations

3.2-2 Design of the 2.5-Acre Terrestrial
Study Plot

3.4-1 Major Ecological Associations

3.4-? Pyramid of Biomass

O

O



1. GENERAL INTRODUCTION

This report sLmmarizes the first year (preconstruction) of a
two-year preoperational monitoring prograr. The preconstruc-
tion nonitoring program consisted of three sampling periods
(vinter, spring, and fall) for monitoring selected aquatic
parameters and three (spring, midsummer, and fall) for moni-
toring selected terrestrial parameters. The results of the
winter sample were included in the five aquatic sampling
periods comprising the baseline insentory and summarized in the
Callaway Plant, Units 1 and 2, Environmental Baseline Inventory
Annual Summary.

The objectives of the preconstruction monitoring program are
generally complementary to those of the previously completed
baseline studies. However, the orientation of investigation
differs. Whereas the baseline study was a broad-based inves-
tigation to characterize factors or components of the plant
site environment, the focus of monitoring studies is to docu-
ment intensively the ecological relationships of selected per-
manent sampling stations for the purpose of detecting changes
in the natural system. The ultimate goal of the monitoring
crocram is to obtain sufficient backcround data and a decree of

fh ~ surveillance compatability whereby natura) variation in Eey en-
vironmental parameters can be distinguished from significant
environmental impact, if any, caused by plant construction and
operation.

Although the preconstruction monitorina program was designed
and to a considerable extent implemented cy Dames and Moore,
outside consultants were retained to undertake portions of the
monitoring program. nr. David B. Dunn, Prifessor and Curator
of the Herbarium, University of Missouri-Columbia, performed
all plant identification and superv sed fall sampling of vege-
tation and birds; Dr. Dean E. Met ar, Associate Professor of
Zoology, University of Missouri-C ambia, performed the fall
sampling and identification of the amphibians and reptiles;
and Dr. Thomas R. Yonke, Associate Professor of Entomology,
University of Columbia-Missouri, was responsible for identifi-
cation of the invertebrates and invertebi te sampling in the
fall.

This report consists of two major parts: Aquatic Ecology and
Terrestrial Ecology. Each is an entity, with its own Introduc-
tion, Methods and Materials, Results and Discussion, Ecological
Summary, and Conclusions and Recorrendations. The subsections
are the standard divisions found in most environnental reports,
with the possible exception of the Ecological Summary and Con-
clusion and Reconcendations. The Ecological Summary for both.o

' the aquatic and terrestrial disciplines attempts to summarize

-1-



the ecological interrelationships pertinent to the plant site.
The uiotic and abiotic interrelationships are discussed very
briefly and at a very general level because the lack of pub-
lished information of this type precludes a more elaborate
discussion. The Conclusions and Recommendations section
attempts to relate survey data to potential environmental impact
fror plant construction and operation.

Tables and figures are placed in the text following the three-
digit subsection in which they are mentioned.

O
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to the 23rd of June and from the ^nd to tne 7th of September, 1974.

The .Ouroose of the monitorin: prograr is to detect impact resultin~. v
from plant construction and operation. The preconstruction moni-
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flora and fauna near the proposed plant site and to document sea-
sonal variation in local populations. Specifically, the first

'.cear s . reconstruction monitorinc. rogram is desi~vned to estimatep e
the degree of homo ~eneit" among sampling stations and to providev 2

a quantitative base from which plant-induced effects, if any. can
be measured. Components of the aquatic ecos.ystem bein~ considered3
in this investigation are:

Water Quality Eenthic Macroinvertebrates
Phytoplankton Vascular H"d o-hytes2 e .
Zooplankton Fish

,. . .

ts..e report is civicea into six major subsections..nis portion o,. . .. . . . .

Section 2.1 (Introduction) outlines the purpose and scope of tne

ff stud 3 and discusses report format. Subsection 2.2 (Methods and
Materials) describes sampling stations and methods and materials
used to analyze various aquatic oarameters. Subsection 2.3 ist

Results and Discussion; 2.4, Ecological Sumnary; 2.5, Conclusions
a2 n . n. ~ . . c, .,. a-u 4 C.4 y . c ..a , n o. .se en es.o.r,m. -

m ..~ J . vv ; ,
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2.2 METHDDS IJ:D MATELIALS

2.2.1 DESCRIPTION OF SAMPLING LOCATIONS

The preconstruction monitoring program was designed to interface
with the baseline study (Union Electric Company, 1974). Accord-
.ngly, several of the previously established sampling locations
were used. These are Transects A, B, and C in the Missouri River
and Stations D and E in Logan Creek (Figure 2. 2.1-1) . Two
additional samplivg locations were established to provide a
better representation of the area that may be affected by
plant construction and operation. Transect H was established
about midway between Transects B and C on the Missouri River.
Station E-2 was added bout midway between Stations D and E cn
Logan Creek, just below the mouth of Mud Creek. Station E-2
was relocated on Mud Creek in September to provide a measure
of water quality for this creek.

Sampling stations on the Missouri River transects are designated
with the numerals -1 and -2 for rid-channel and north shore
locations, respectively. North and south ends of the transects,
as discussed in Section 2.3.7, are designated by letters.
For example, H-S and H-N refer to the south shore and north
shore areas of Transect H, respectively.

The 1974 aquatic monitoring program consisted of three sampling
periods, winter, spring, and fall. The winter sample was

@' completed as scheduled and the results are presented in
Callaway Plant Units 1 and 2, Environmental Baseline Inventory,
Annual Summary, and will not be included in this report.

Spring sampling was scheduled to begin mid-May, but spring
rainfall and high water levels delayed sampling until June 20th.
During the sampling period, Missocri River flow ranged from
95,000 to 103,000 cfs: river flow had reached 278,000 cfs
daring May and 232,000 cfs in early June. The delay in the
aquatic sanpling program is not believed to have significantly
affected achievement of the objectives of the preconstruction
monitoring program or the qualiry of the data collected.

Fall sampling occurred as scheduled in early September.

@
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2.2.2 WATER QUALITY

In order to expedite sampling and prevent further delays, the
June wa*.er quality sampling was restricted to Transects H
and C. This modification of the program was acceptable because
previous statistical analyses of water quality data had shown
that all river transects were generally homogeneous with
respect to water quality parameters (Union Electric Company, 1974).
Therefore, for the spring suriey, water quality at Transect H was
considered representative of that at Transects A and B.
Further, samples were taken both upstream (Transect ;M and
downstream (Transect C) of Logan Creek to detect any differences
in water quality due to the influence of the creek.

Analyses of the June water quality data and further review of
the sampling program led to the implementation of a modified
water quality sampling program for the fall. Based on
Knowledge of the relationship among transects and the proposed
location of the Callaway Plant intake and discharge structures,
Stations A-2, B-2, H-2, C-1, and C-2 were selected for sampling
in the Septerier and subsequent surveys. It is believed that
Station B-2 will provida a base from which to compare plant
discharge, which is proposed to emanate from that point.
Station C-2 and H-2 will provide a baseline from which the
downstream effect of the discharge may be measured. Also,
given that Stations A-2 and A-1 are statistically homogeneous,
A-2 will provide an upstream " control" sample for comparison

@ with other downstream samples. Finally, the extent to which
the discharge plume will extend into the open river channel
will be assessed, in part, through comparisons with water
quality data from C-1.

Samples were collected from the first 1 meter below the surface
with a Van Dorn PVC sampler and placed in polyethylene bottles
containing appropriate preservations, as recommended by the
U.S. Environmental Protection Agency (1971). Samples for
fecal and total coliform analyses were collected in sterilized
glass bottles. Following collection, all samples were packed
1- ice for transportation to the laboratory. Field determina-
tions were made for dissolved oxygen (YSI Model 54), conductivity
(YSI Model 33), temperature (YSI Model 54), pH (Fisher Acumet),
and alkalinity (field titration).

Water samples were also collected in June for pesticide
analyses. Samples were placed in glass containers and shipped
to Analytical Biochemistry Laboratory, Columbus, Missouri for
analyses of 15 different pesticides and herbicides.

Wilcoxan's sum rank test was used in the statistical analysis
of the water quality data. Wilcoxan's test is a nonparametric
test designed to evaluate two independent samples (Hollander
and Wolfe, 1973). The analysis was conducted on the following

@f; variables: pH, dissolved oxygen, chemical oxygen demand, total
' suspended solids, total dissolved solids, temperature, and
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specific conductivity. Data collected for four distinct
sampling locations were analyzed for each parameter listed
above. Specifically, station comparisons included-

A-2 vs B-2 A-2 vs C-2 A-2 vs C-1
B-1 vs B-2 B-2 vs C-1 C-1 vs C-2
B-1 vs C-1 B-2 vs C-2 B-1 vs C-2

Copper and cadmium were found to be present in the water samples
at concentrations that warranted further analysis. Liis
analysis consisted of single and step-wise multiple regression
analyses to correlate and rank selected water quality parameters
with copper and cadmium concentration. Those water quality
parameters that, in single regression analysis, accounted for
50 percent or more of the variability in concentrations of
copper and cadmium were then reevaluated by means of multi-
regression analysis.

O
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2.2.3 PHYTOPLANETON

One gallon whole-water subsurface samples for phytoplankton
analyses were taken with a Van Dorn sampler. These samples
were preserved with merthiolate. (USEPA, 1971).

Phytopla_kters were identified and enumerated from Sedgwick-
Rafter cell preparations in the following taxonomic categories:
coccoid and filamentous blue-green algae; coccoid, filamentous,
flagellated, mad colonial green algae; euglenoid algae; and
centric and pennate diatoms. The following taxonomic refer-
ences were used in identifications: Palmer (1962), Prescott
(1962, 1970), Smith (1950), Whitford a"A c'-acher (1969), and
U.S. Department of the Interior (1966.1.

Chlorophyll a, b, and c analyses were attempted but, due to
interference from large amounts of suspended solids in the
samples, no reliable data were obtained. In lieu of chlorophyll
analysis the 'C method was used to determine river produc-
tivity.

Phytoplankton primary productivity was estimated in situ by
the 2'C method (Strictland and Parsons, 1972). A solution of

~

radioactive carbonate (HCO ) was added to light and darn3
bottles filled with water samples from Stations H-2, C-2, D,
and E plus one additional 'ocation downstream of Logan Creek.

in June; and from Stations n-2, C-2, and H-2 in September.

9: Battles were placed at their respective stations and suspended
at the depth from which subsurface phytcplankton samples were
collected. After an approxirate 4-hour in situ incubation,
the water samples were fixed with 10 ml of formalin. The
samples were later filtered in the laboratory and treated
with hydrochloric acid to remove inorganic carbon. Liquid
scintillation counting was conducted at Virginia Cc=monwealth
University.

2.2.4 ZOOPLANKTON

Subsurface net :copla:Stan samples were taken by filtering
24.3 liters of water (collected with a Van Dorn sampler)
through a Wisconsin p".ankton net having a No. 20 mesh plankton
bucket. The concentrate was washed into sample bottles and
preserved with Lugol's solution.

Sedgwick-Raftir cell preparations were examined in the labora-
tory at 200X icagnification. Zooplankters were enumerated and
identified to the genus level according to the following
taxonomic references: Ahlstrom (1940, 1943), Edmondson (1959),
Pennak (1953), and Brecks (1957).

@
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2.2.5 VASCULAR HYDROPHYTES

fVascular hydrophyte investigations were limited to field obser-
Vations of aquatic vegetation in both the Missouri River and
Logan Creek.

2.2.6 BENTHIC MACROINVERTEDRATES

Missouri River benthic macroinvertebrates were collected with a
Ponar dredge, larval meter nets, anc by random sampling. Ponar
dredge samples were taken in duplicate (June) and in triplicate
(September) at the four north shore stations with a 520 cm2
Ponar in approximately 0.5 to 0.8 meters of water. Samples
were screened in the field with a U.S. No. 30 standard sieve
(0.59 mm). All material retained by the sieve was washed
into 0.95-liter wide-mouth jars and preserved with 10 percent
buffered formalin containing 0.002 percent rose bengal.
Larval meter net samples were taken in triplicate at Stations
B-2 and C-2 with a 0.6-m-diameter conical drift net having a
0.76-mm mesh collecting bucket. A flow meter attached to the
net opening quantitatively measured water passing through the
net. Triplicate samples of approximately 7 minutes each were
made at the two stations. Random sampling consisted of
identifying organisms attached to gill nets (used for fish
sampling) and sticks and rocks contained in the grab samples.

Locan Creek benthic macroinvertebrate collections were similar
to those of the Missouri River, except that the Ekman sampler ;
(230 cm2) was used instead of the Ponar dredge and a drift
net (103 . 6: 30 x 45 cm) was used in lieu of the larval meter
net. Random sampling consisted of identifying organisms
attached to rocks and sticks.

All samples from both the Missouri River and Logan Creek were
washed in a No. 35 sieve (0.50 mm) in the laboratory and placed
in a white enamel tray, where invertebrates were sorted from
cetritus. Wec-veight biomass was determined for all major
groups. Each group was blotted dry and immediately weighed to
the nearest 0.1 mg. Worms and midge larvae were then perma-
nently mounted with CMCP,0 mounting medium on glass slides
foi identification and enumeration. Remaining macroinvertebrates
were preserved in 70 percent ethanol after identification.
All samples were retained as legal voucher specimens.

The following taxonomic references were used: Beck (1968);
Brinkhurst (1964, 1965); Brown (1972); Hamilton, Saether,
and Oliver (1969); Hilsenhoff and Narf (1968); Hiltunen (1973);
Holsinger (1972); Kennedy (1969); Mason (1973); Roback (1937);
Ross (1944); Usinger and Day (1968); and Williams (1972).

Species diversity was calculated for Ponar and Ekman grabs;
the Shannon-Wiener diversity index was used:

9
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T (m./N) loa > (m /N)d =
--

@ species di"ersitywhere: d =

total number of individuals in aN =

cczposite sample for a particular
station

total number of individuals of a"i =

particular species in the eczposite
sample.

2.2.7 FISH

In Tune, the fish community of the Missouri River near the plant
site was sampled bv nets and boom electroshocking. Gill and.

fyke netting was conducted behind L-head dikes, revettents,
and in back chutes on L th the nov th and south sides of the
river. Transects were sarpled ir the following gcneral areas:
A-S, B-N, C-N, C-S. Electroshocking was conducted along the
north and auth ends of Tr ansects A, B, H, and C. The fish
sampling gear was the sa e as that used previously and is
described in the Annual Report (Union Electric Company, 1974). In

September, fish sampling was the same, except that boom electro-
shocking was omitted. Earlier experience with boon shocking
in the Missouri River shewed that this technique is ineffective
i. collecting fish.

In Logan Creek fish were sazpled at Stations D, E-2, and E
using electroshocking and seines. In addition, standing crop
bionass estimates were made at Station E. A measured area of
creek at Station E was blocked off with seines; fish were
collected either with a back-pack electroshocker or minnow
seine. The area was fished until catch per unit effort was
reduced significantly. The total population estinate was then
made from the relation of fishing success to cumulative fish
catch (Leslie and Davis, 1939). This technique was utilized
both on the 31st of May and 23rd of June, 1974.

'

Fish were weighed to the nearest gram and total length was
neasured to the nearest millimeter. Scales were removed from
selected forage and sport species for age and growth analyses.
Selected specinens were preserved in 10 percent formalin for
later te ic identification or retained as voucher specimens.
Taxonor ? _ ences used for identification were Eddy (1969),
Hubbs ar. r (1967), Cross (1967), Pflieger (1968), and' -

Moore (1 Larval and juvenile fish were identified with
the aid c. s key by May and Gasaway (1967).

Length-weight relationships of selected fiskes were calculated;
Icg-transformed values were used in the ca: 21ations .
Reg 2ession lines were fitted by the least staares method; the
equation describing the line is presented in the general form:

@
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log W = log a + b log L

where: W = estimated weight in grams (gn) h

a= intercept of the regression line

L = total length in millimeters (:cn)

b = regression coefficent

The correlation coefficient was also calculated for each
regression.

Condition factor (KTL) was calculated for individual fish, and
the mean value for each of the selected species in each age
group was calculated. The condition factor, which describes
the relative plumpness or well-being of a fish, is defined as:

.. WX 10'
2'TL = L-

where: KTL = condition factor
W = weight (gm)

total length (mm)L =

Larval fish were sampled in both the Missouri River and Logan
Creek. The Missouri River was sampled near the north end of

.

Transects B and C with a 0.6-m diameter conical drift net
having a 0.76-mm mesh collecting bucket. A flow meter attached
to the net opening quantitatively measured the water passing
through the net. Triplicate tows of approximately 7 minutes
each were made at the two stations. Larval 11sh in Logan Creek
were sampled with smaller drift nets, as described in Section
2.2.6.

Age and growth analyses of fish were made from scales collected
during the study. Impressions of at least three scales per
fish were made in the laboratory on plastic slides with a roller
press. Scale measurements (mm) were then made with the aid of a
microscopic projector; two or more scales were examined to
verify the number of annuli. Total scale radius was obtained
by measuring from the center of the focus to the anterior-most
portion of the scale.

Linear regression analysis was ured to determine body-scale
relationships for each fish species. Lee's formula (Tesch, 1971)
was used to perform calculations of growth. The intercept
values were derived from linear regressions.

O
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2.3 RESULTS AND DISCUSSION

2.3.1 WATER QUALITY

2.3.1.1 Missouri River

Water quality data from both the spring and fall collections
are presented in Tables 2.3.1-1 and 2.3.1-2. Wilcoxan 's sun-
rank test, applied to data from Stations A-2, B-1, B-2, C-1,
and C-2, confirmed previous assumptions regarding homogeneity
among water quality stations and further supports the basis for
the selected modification in the sampling program.

Water quality of the Missouri River near the site has been char-
acterived as primarily influenced by agricultural runoff, dilution
phenomena, and industrial and municipal pollution (Union Electric
Company, 1974). Variation in concentration of chemical constituents
has_largely been a function of river discharge. Total dissolved
solids generally decreased in concentration with increased river
discharge, while suspended materials and sediment load increased.
Data from the present study illustrate this phenomenon (Tables
2.3.1-1 and 2.3.1-2). The mean river flow during June sampling was
95,600 cfs; tne discharge during the September sampling was 81,800
cfs. Bioenemical oxygen demand (BOD), chloride, total hardness,
sulfate, and total dissolved solids (TDS) varied inversely with

( river flow. Constituents that varied directly with discharge,
such as chemical oxygen demand (COD ) , nitrate, Kjeldahl nitrogen,
total phosphorus, are directly related to the quantity of suspen-
ded particulate matter (seston) in the waterway. The increase
in coliform bacteria with increased discharge is probably related
to the amount of runoff from livestock grazing land. The State
Water Quality Standard of 2,000 coliform bacteria /100 ml (Missouri
Clean Water Commission, 1973) river water was exceeded at Station
B-2 in September and was probably exceeded in June, as suggested
by the over-growth in the plate cultures (Tables 2. 3.1-1 and
2.3.1-2). Ballentine, et al. (1970) also found that coliform
bacteria densities exceeded several times the National Technical
Advisory Committee criteria of 10,000/100 m1 total coliform and
2,000/100 ml fecal coliforms. Fall counts upstream at River
Mile 118.0 averaged 36,000/100 m1 total and 4,700 fecal from Octo-
ber 28 to November 2, 1968 (Ballentine, et al., 1970).

Pesticide contamination was not evident, as concentrations in
the spring were below detectable limits. This agrees with re-
sults of previous pesticide tests on water samples taken in July,
September, and December, 1973 (Union Electric Company, 1974).
Only the April 1973 samples revealed the presence of chlori-
nated pesticides, which were in low concentrations (19-31 pg/1).
Chronic pesticide contamination from leached agricultural soils
in this area, therefore, does not appear to exist.

The moderately high COD and dissolved oxygen (DO) with concurrently
low BOD levels (Tables 2.3.1-1 and 2.3.1-2) are probably related to
the presence of allochthonous organic materials in the seston that
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fhare more resistant to biological degradation. It is also pos-
sible that certain organic materials leached from the surrounding
watershed are adsorbed on clay particles where they become more
resistant to biological degradation.

Trace metal analyses from previous studies at the site and his-
torical data from Hermann, Missouri point to copper and cadmiun as
occurring in concentrations that may occasionally be toxic to
aquatic organisms (Union Electric Company, 1974). Copper concentra-
tions during the present study ranged from .007 to .04 mg/l (Tables
2.3.1-3 and 2.3.1-4). Although copper toxicity to aquatic organ-
isms has been observed at concentrations as low as .02 mg/l (Bat-
telle's Colunhus Laboratory, 1971), it is probable that the copper
in the Missouri River is either largely a mineral constituent of
the organic detritus in the teston, or adsorbed to suspended clay
particles. Figure 2.3.1-1 illustrates the relationship of total
suspended solids (TSS) and discharge to copper and cadmium concen-
trations. Copper concentrations vary directly with TSS, while
cadmium appears to be more a function of discharge.

To test the hypothesis that copper concentration is related more
to the concentration of suspended solids than to dissolved solids,
step-wise multiple regression analyses were performed on data col-
lected from the site since 1973. Independent pa ameters in the
analyses were COD, TDS, TSS, disiharge, c?dmium, and iron. Sixty-
seven percent of the variction in copper connentration was explained -

by the concentration of TSS; the linear expreasion:

Y= .0075 + .000025X

Where: Y = Cu concentration in mg/l

X = TSS concentration in mg/l

No other regressions are significant (p<.05); that is, no other
variables used in the analyses contributed significantly to the
observed variation in copper concentrations. Therefore, these
results suggest that the potential for acute copper toxicity to
aquatic organisms is minimal because the copper appears to be
either a constituent of the organic seston or is adsorbed to clay
particles and is not readily available to most aquatic organisms.
However, chronic copper toxicity to detritophageous organisms could
occur because these organisms ingest organic seston and clay par-
ticles.

Multiple regression analysis was performed on the same data; cadmium
.zas used as the dependent variable. The only parameter that con-
tributed significantly to the observed variability in cadmium con-
centration was discharge, which accounted for 68 percent. The
linear regression is:

@
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fh Y= .0085 + .00008X

Where: Y = cadmium concentration in og/l

X = discharge in efs

Therefore, cadmium concentrations vary directly with discharge
levels.

2.3.1.2 Logan Creek

The water quality of Logan Creek is generally better than that of
the Missouri River. Concentrations of most water quality parameters
measured in Logan Creek increased downstream, probably as a function
of increased runoff. In previous samples, evidence of organic
pollution generally was not found, althougn fecal coliform counts
were occasionally high. Data from the present study show similar
patterns, although a great deal of variation is evident in some
parameters (Tables 2.3.1-1 and 2.3.1-2). For example, TSS, COD,
BOD, organic nitrogen, and phosphorus levels were higher during
the spring, when discharge was high, than during the fall. Most
variations in concentration, however, can be explained as a function
of discharge rates.

Station E-2 was added in the fall to provide a measure of the
O#

. . .

effects of Mud Creek on water quality of Logan Creek. Mud Creek
appeared to be higher in dissolved solids than upper Logan Creek
and, at times, has some bacterial contamination.

@
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TA13 LE 2.3.1-3

TIIACE METAL CONCENTRATIONS FItOM MISSOUltl IIIV EIt AND LOGAN CitEEK
WATElt SAMPLES, SPIII NG 1974"

Paramoter Missouri River Station ingan Croek Statio"

11 - 1 11 - 2 C-1 C-2 D-1 li E-2

.005.005 <.005 <.005 (.005.005Arsenic <.005 <'<

Cacimium < 001 < 001 s.001 <.001 < .001 <.001 ' .001

Calcium 60 54 54 56 94 50 72

005 <.005 <.005 <.005 005Total Chromium <.005 <.005 <<

Co1>per .04 .019 012 .011 004 000 006

Iron 0.5 11 8.0 11 1.6 6.5 4.0

Total Iron 14 20 16 20 1.6 8.5 4.,

Lead .140 .047 .047 <.020 .020 .195 .000

Magnesium 15 17 16 17 32 16 23

Mercury .001 .0003 0005 .0003 .0002 0002 .0009

.005 .005.005 <.005 <.005Selenium (.005 <.005 (<

Godium 29 39 29 36 7.6 4.0 5.2

Zinc 02 .04 .04 .u. .02 .02 .05

a
All values are expressed in mg/l

9 9 9
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TABLE 2.3.1-4

TRACB METAL CONCENTRATIONS (mg/1) FROM MISSOURI RIVER AND
LOGAN CREEK WATER SAMPLES, SEPTEMBER 1974

Parameter Missouri River '; t a t io n n I,ogan Creek : stations

A-2 H-2 11 - 2 C-1 C-2 D E E-2

Arsenic <.005 <.005 <.005 c.005 .005 .005 <.005 .005<* *

Cadmium 009 .007 .004 .004 .003 .006 .005 .005

Calcium 52 55 52 42 52 57 55 63

Chromium, Total <.005 <.005 <.005 <.005 <.005 <.005 .005 c.005<

Copper .011 .007 .007 .000 .008 .006 .004 .006

Iron 3.3 2.1 1.6 1.4 1.6 1.2 0.5 0.5

Iron, Total 5.2 3.8 2.8 2.7 2.8 1.9 0.5 0.6

Lead .020 .020 <.020 <.020 <.020 .020 <.070 .120<

Magnesium 19 19 la 12 10 25 26 31

Mercury .0003 .003 .0007 0006 .003 .016 .001 .001

Selenium <.005 <.005 <.005 <.005 <.005 c.005 <.005 <.005

Sodium 58 59 58 23 54 4.4 4.8 4.6

Zirm .04 .06 .04 .04 .04 .06 .01 .04
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2.3.2 PHYTOPLANKTON

2.3.2.1 Missouri River

Phytoplankton of the lower Missouri River characteristically
occur in low densities and are dominated numerically by
diatoms (Berner, 1951; Damann, 1951; Williams, 1966; Stern
and Stern, 1971; U.. ion Electric Company, 1974; University of
Missouri-Rolla, 1974). The paucity of phytoplankton is re-
lated to excessive turbidity, high current velocity, and the
lack of adjoining lentic waters (Berner, 1951). The harsh
conditions of the Missouri River are illustrated by their
effects on plankton populations entering from tributary
rivers. Damann (1951) reports that plankters entering the
:" csouri River from tributaries were subjected to adverse
conditions and did not multiply. A reduction in tributary
phytoplankton populations after entering the Missouri River
was also noted by Ballentine, et al. (1970). Berner (1951)
nad earlier suggested that, in the absence of backwater areas,
plankton production was autogenic, with little contribution
from tributaries. Ballcntine, et al. (1970) supported the
suggestions of others that the Missouri River phytoplankton
community originates in lentic waters.

Diatoms clearly were numerically dominant in the present study,
comprising 50 and 76 percent of the total phytoplankton numbers
in June and September, respectively (Tables 2.3.2-1 and 2.3.2-2).
Diatoms in the June sample were predominately of the pennate
form, while the September sample contained primarily centric
diatoms. This form of seasonal variation is typical of diatom
populations (Patrick, 1948).

Densities of phytoplankton from the present study show a fall
maximum not observed in past investigations (Table 2.3.2-2).
The mean density increased from 89,842/ liter (1) in June to
11,430,780/1 in September. Although fall diatom blooms are a
common phenomenon in rivers (Williams, 1964), the September
value represents a greater than 100X increase in density over
the June sample and is greater than any reported for the lower
Missouri River. Ballentine, et al. (1970) found total
phytoplankton densities of 1,593,000/1 upstream at Chamois
(PJ4 118.0) in the fall of 1968. Mean discharge during their
study was 55,600 cfs. The greatest observed density reported
by Ballentine, et al. (1970) was 2,178,000/1 in ollections
taken between Kansas City and St. Joseph, Missouri.

The high fall densities of phytoplankton observed ir the present
study illustrate the limiting effect of turbidity ou
photosynthetic processes in the river. In late summer and
early fall, flow rates and water levels decline (Figures 2.3.2-1
and 2.3.2-2), and larger suspended particles settle, reducing
river turbidity. General river turbidity is further reduced

@> ' t under low flow conditions due to the increased proportion of
groundwater to surface runoff water in the river. As the water

-14-



level continues to drop, revetrents become especially good
habitats for phytoplankton because they become closed off,
forming lentic pools. The decrease in turbidity coupled with
the abundant nutrients (Union Electric Company, 1974) in the
Missouri River explain the phytoplankton bloom observed in
the fall sampling period.

2.3.2.2 Logan Creek

Past investigations of phytoplankton in Logan Creek have shown
species composition to be similar to the Missouri River near
the site; phytoplankton densities, however, were one to four
orders of magnitude higher (Union Electric Company, 1974). Higher
phytoplankton densities in Logan Creek relative to those of
the Missouri River appeared to be related to the presence of
a stable substrate, lower current velocities, and lower turbidity
levels. Seasonal variations in densities and species composition
of Logan Creek phytoplankton were found to be typical of temper-
ate streams, where green and euglenoid species attain maximum
densities during warmer months but are absent in winter when
diatoms predominate. Most of the principal taxa in the creek
were benthic diatoms.

The June 1974 phytoplankton sample contained predominately
pennate diatoms (see Table 2.3.2-1). Densities were low and
did not show the previously observed pattern of increased
upstream abundance. Also, in contrast to previous findings,

'
densities in Logan Creek were lower than those in the Missouri
River. Presumably, low spring densities were due to the high
water levels and discharge that had existed prior to sampling
(see Figures 2.3.2-1 and 2.3.2-2).

The September 1974 samples also were dominated numerically by
pennate diatoms (see Table 2.3.2-2). Centric diatoms,
predominate in the Missouri River samples, comprised only from
4.5 to 23 percent of the total diaton numbers. Total phytoplank-
ton densities were unusually high but were always lower than
densities in the river samples. Phytoplankton were slightly
more abundant upstream at Station E than at Station D.

The fall maxima in phytoplankton densities in Logan Creek are
greater than the previous maximum of 1,115,000 cells /l observed
at Station E in July 1973. The maximum phytoplankton density
observed in Septerter 1973 was 10,222/1 at Station E. Turbidity
levels corresponding to these two periods were 90 and 3
Jackson Turbidity Units (JTU's), respectively.

9
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TA B I,l' 2.3.2-I

l)l:NS IT II:'i (co ll n/ l i ter) Ol' l'ilYTol'I.At4KTON COI,lECTID IN Till:

M i S SCRI H I 111 VI:lt AND I,0 G A N C TH;I:K ,
JUNI: 1974

1,o< t a n C r v e k

Organism Miunouri 11i v o r Stationn S t a t intu
11 - 1 11 - 2 C-1 C-2 D 1:

Green
Coccoid 3,266 6,532 + 1,613 +

Filamentoun 6 + ' 1,633 4 *

Plagel1aled & & s- * * *

Other 9,79H 14,697 6,532 14,697 3,266 9,798

I:uglenoid i A + 1,633 , 4

Diatomo
Centric 4,899 9,798 8,165 3,266 3,266 6,532
l'en na te 71,852 73,540 52,311 65,320 39,192 50,623

Blue-green
C miold 5 6 + + + 4
Filamentoun 1,633 3,266 3,266 3,266 4,899

_ _ __. _

Total 91,448 101,301 76,806 89,815 52,256 66,953
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2.3.3 PRIMARY PRODUCTIVITY

2.3.3.1 Missouri River

Phytoplankton primary productivity, as measured by 1"C fixation
method, is reported below:

CO2 fixation
3Station Date agC/m /hr

H-2 2 0 Jt" ! 2.3
C-2 20 Ju) 1.9
C-2 20 Jun 1.4
A-2 7 Sep 122.7
C-2 7 SE 126.2
H-2 7 Se. 86.9

As expected, high discharge, high turbidities (95 JTU average),
and low phytoplankton densities resulted in low productivity
values for the June sample. The September study yielded
values, consistent with findings of lowered turbidities, decreased
flow, and high phytoplankton densities.

2.3.3.2 _ Logan Creek

The 1"C primary productivity study in Logan Creek yielded the
following:

6- CO fixation
Station Date agC/m /hr3

D 20 Jun 5.1
E 20 Jun 40.1
D 7 Sep 8.4
E 7 Sep 4.6

June productivity in the creek was, as expected, higher than
that observed for the river (section 2.3.3.1). Turbidity in
the creek was low, and phytoplankton densities were moderately
high. However, productivity differences between sampling stations
show a direct, rather than inverse, relationship with turbidity.
For example, turbidity and productivity were both highest at
Station E in June, while a similar relationship existed at Station
D in September. Moreover, September productivity did not reflect
the high diatom counts observed in the creek (Section 2.3.2.2).

There are several possible explanations for the above observed
phenomena. First, many of the diatoms in the phytoplankton samples
may be dead frustrules washed from the bottom by earlier rains.
These diatoms would not contribute to primary productivity but
would increase phytoplankton counts. The predominance of benthic
diatoms in Logan Creek samples attests to the fact that benthic
diatoms are suspended in the water column. Secondly, a high per-

fh centage of the carbon assimilated during photosynthesis may be
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excreted into surrounding water in soluble form, resulting in
an underestimation of primary productivity (Gieskes and Bennekom,
1973). Thirdly, if nutrients become depleted, maximum phytoplankton
biomass would be reached, and productivity would decline. Chu
(1942) reports that algae are Jikely to suffer a nutrient deficiency
when nitrogen concentration is selow 0.2 mg/l and phosphorus below
0.05 mg/1. During the September study, nutrient levels were some-
what below these limits. However, nutrient depletion is related
to flow rates. Nutrients that may be limiting in lentic waters
are not as important in lotic waters because flow continually
renews the aquatic medium (Odum, 1956). Hence, no real nutrient
deficit can build up as long as adequate flow is maintained. Once
flow is reduced, nutrients can become limiting.

@

@
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2.3.4 ZOOPLANKTON

2.3.4.1 Missouri River

Rotifers, characteristically the predominant zooplankter in most
major river systems (Willi ams , 1966), were the most abundant com-
ponent of the net zooplankton samples in the present study (Tables
2.3.4-1 and 2.3.4-2). Earlier collections at the study site were
also dominated by rotifers (Union Electric Company, 1974).

The September 1974 collections contained greater net zooplankter
densities and taxa diversity than did the June 1974 collections
(Tables 2.3.4-1 and 2.3.4-2). Densities averaged 68.4 organisms /l
in September and 34.2/1 in July. Normally, maximum rotifer den-
sities in large temperate rivers occur in the summer months when
the water is warm and clear (Williams , 1966). However, in the
present study, maximum water clarity occurred in September.

Hynes (1972) states that rotifers become common when diatom den-
sities increase. Although phytoplankton densities in September
were exceptionally high (Section 2.3.2), zooplankton densities re-
mained moderately low. Because zooplankters feed on phytoplankton,
particulate organic matter, and bacteria, maximum zooplankton den-
sities often occur after maximum phytoplankton densities. Such
a lag in zooplankton abundance was observed in the lower Missouri

1 River by the University of Missouri-Rolla (1974) when a maximum of
' 2100 zooplankters/l were collected in July 1973. The low densities

observed in the present study may be explained in part by this lag
effect, in combination with the effects of temperature and flow.
Generally, however, the lower Missouri River is considered rotifer
poor (Williams, 1966).

Most of the zooplankters collected during the present study are
planktonic (f ree floating) . However, sessile rotifers were abundant
in September, comprising as much as 69 percent of the total sample
(Table 2. 3. 4-2) . In addition, drift net samples taken in June
contained large numbers of sessile rotifers attached to organic
debris. The appearance of these organisms in both seasonal col-
lections points to the existence of large communities of periphytic
invertebrates (Aufwuchs) that become dislodged during high water.

2.3.4.2 Logan Creek

A total of 26 taxa of zooplankton, including 18 rotifers, has been
reported for Logan Creek (Union Electric Company, 1974). A maximum
density of 2133/1 occurred in July 1973 and included 13 taxa. In the
present study, 14 taxa were collected, including 7 rotifers (Tables
2.3.4-1 and 2.3.4-2). Maximum density of 34.3/1 was observed in
September at Station D. Rotifers were numerically predominant at
both stations in June, but crustaceans were predominant at Station
D in September.

@ Total densities of zooplankton in Logan Creek were slightly higher
in June than were corresponding river collections. In September,

-18-



Missoari River collections contained two to three times the den-
sity of the Logan Creek collection. fiowever , if dislodaea sessile
rotifers are disregarded, both bodies of water had similar densities.

8

@
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TABLE 2.3.4-1

DENSITY (organisms / liter) OF ZOOPIJiUKTON COLLECTED
FROM THE MISSOURI. RIVER AND LOGAN CREEK,

JUNE 1974

Missouri River Logan Creek
Organism Sampling Stations Sampling Stations

H-1 H-2 C-1 C-2 D E

ROTIFERA

Branchionus sp. 9.07 9.19 7.96 9.42 9.77 6.81

Fi2 inia sp. 0.95 1.02 4 + + 2.27

Keratella sp. 1.91 2.55 2.09 3.62 8.15 4.54

Polyarthra sp. + 2.04 0.42 1.09 1.62 +
+ + + + 1.62 4Trichotria sp.

Total Rotifer Density 11.93 14.80 10.49 14.13 21.16 13.62

CLAD 3CERA

Boemina sp. 1.43 1.53 0.84 0.72 4 +

COPEPODA

Cyclops sp.
(naupli) 1.91 2.55 2.94 1,81 3.25 6.81

Cyclops sp. + + + + + 2.27

Cyclopoid 2.04 1.26 1.81 + ++

Total Crustacea Density 3.34 6.12 5.04 4.34 3.25 9.08

OTHER INVERTEEFJ,TES

Ostracoda 0.48 0.51 + + + +

Tardigrada 1.43 + + 0.36 + +

TOTAL 17.18 21.43 15.53 18.83 24.41 22.70

@
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2.3.5 VASCULAR HYDROFHYTES,

2.3.5.1 Missouri River

During the present study, no vascular hydrophytes were observed in
the Missouri River near the site. However, a few hydrophytes,
mainly Potamogeton sp., were seen in an isolated chute near Station
B-2 in September. This chute, closed off by silt deposits and
fikes, provided the lentic conditions necessary for establishment
of vascular hydrophytes. Ordinarily, physical conditions in the
river are too harsh for rooted aquatic plants. Berner (1951)
observed no rooted aquatic plants in tre river channels, chutes,
or backwaters. Likewise, none have been observed previously in
the vicinity of the Callaway Plant, Units 1 and 2 (Union Electric
Company, 1974).

2.3.5.2 Logan Creek

Dames & Moore reported the occurrence of water primrose (Jussiaea
sp.), water willow (Dianthera sp.), duckweed (Lemma sp.), and
sedges (Carex spp.) at Station E during earlier studies, but no
vascular hydrophytes were observed at Station D. During the
present study, two submergent vascular hydrophytes were observed
at Station E in September. The plants are tentatively identified
as a filiform pondweed (Pontamogeton sp. ) and a water plantain,
probably Alisma sp.. Lack of fruiting bodies made specific iden-

h tification impossible. ho vascular hydrophytes were observed in
Logan Creek in June, and none were seen at any time at Station D.

2.3.6 BENTHIC MACROINVERTEBRIsTES

2.3.6.1 Missouri Ri.'er

Benthic communities in the Missouri Ri"er are normally composed of
oligochaetes, burrowing :aayflies, and dipters--mainly chiroromidae
(Union Electric Company, 1974; University of Missouri, 1972; 3erner,
1949). Densities, biomass, and species diversity are generally low,
being restricted by spates (excessive currents) and unstable sub-
strate (Union Electric Company, 1974).

June 1974 grab samples contained only 11 species, dominated by
oligochaetes (97.1 to 100 percent, Table 2.3.6-1). Densities also
were low, with a mean of ll69/m2 (Table 2.3.6-2). A combination
of two factors could account for the unusual species composition
and low densities. First, high water (maximum of 278,000 cfs) in
late May and early June eliminated all but those forms suited to
burrowing, such as mayflies, chironomids, and oligochae'es (Figure
2. 4-1 ) . Secondly, the burrowing mayflies and most chironomids had
probably emerged prior to sampling.

-20-



September 1974 grab samples showed an increase in species numbers
and densities rver the June samples (Table 2.3.6-3). This was a
result of stabte river flows prior to sampling and reappearance of
burrowing mayfl cs and chironomids (Figure 2.4-1). Species num-
bers increased to 19, and mean densities (from all stations)
reached 1347/r2 Oligochaete dominance was still high, ranging
from 76.4 to 91.7 percent.

An increase in species numbers and densities after the spring
high water period (normally April) to a high during the winter
period has been noted in the Missouri River (Union Electric Company,
1974). High winter densities are common for both lotic and lentic
environments (Hynes, 1972) and are generally considered a result of
decreased predation, improved water quality, and life cycle patterns
of individual benthic species.

Wet-weight biomass showed a fall increase, as did densities (Table
2. 3. 6- 4 ) . The average biomass for north shore stations in June

2 2was 1698 mg/m and 3268 mg/m for September. The mayflies and
dragonflies, with their greater weight per individual, accounted
for almost a doubling of biomass in September, with only a 20
percent increase in densities. The September 1974 average biomass
is exceeded only by the December 1973 Station C-2 biomass of

25797 mg/m (Union Electric Company, 1974). These values are greater
than the 241 mg/m maximum reported by Berner (1951). However, even2

the high winter biomass does not approximate the biomass of
29,000 mg/m reported for an unchannelized portion of the Illinois2

River between Chillicothe and Grafton (Berner, 1951).

Species diversity indices increased from June to September 1974
as follows:

Station June September

A-2 0.67 0.92
3-2 0.89 0.98
d- 2 0.22 1.45
C-2 0.64 1.64

Generally, divers 1Ly in the Missouri River increases during the
winter (Union Electric Company, 1974). According to Wilhm and Dorris
(1968), diversities below 2.0 indicate cross pollution and
between 2.0 and 3.0, moderate pollution. In the case of the
Missouri River at the site, gross pollution would be attributed
to physical stress from spates and shifting substrate, which are
the result of river channelization. In this sense, channelization
could be considered a form of pollution to the bottom fauna.

In addition to grab samples, drift samples were also taken. In con-
trast to observations by Berner (1949), species composition in
drift samples varied greatly from that observed in the grab samples
(Tables 2. 3. 6-5 and 2. 3. 6-6 ) . Also, the nugber of drift organisms

averaged,much lower for both June (0.0547/m') and Geptember h
(0.546/m ), than that observed by Berner (0.7593/m') at Boonville,
Missouri on April 18, 1946. Similar low values for the Ohio River

-21-



were indicated by Philip A. Lewis (personal communication,
November 18, 1974, biologist, E.P.A., Cincinnati, Ohio). Drift

xp density seemed to increase from upstream Station B-2 to downstream
Station C-2. There is greater dike and revetment surface area*

upriver from Station C-2 than Station B-2, which could be the
source of most drift organisms.

Random samples (rocks and logs removed f rom a revetment) taken
in September at Station B-2 confirm the use of revetments by
benthic species not associated with the shifting sand (grab
samples). The rocks and logs had a combined surface area of 0.05
square meters and contained the following:

Taxon Calculated density Number collected

2Turbellaria 3100/m (155)
Oligochaeta 60/m2 (3)

2Amphipoda 320/m (16)
2 (214)Chironomidae 4280/m
2 (2009)Trichoptera 40,180/m
2Ephemoptera 80/m (4)

2Total 48,020/m (2401)

Even taking into account the small area sampled to yield n==bers
per n2, the values are very high. These values far surpass pre-
viously reported values for this and other rivers (Hynes, 1972;
Needham and Needham, 1962; University of Missouri, 1972), where

@#i
,.

a major source of organic enrichment does not exist. This random
sample of the revetment indicated a larger benthic food base than
previously expected. However, this is an artificial substrate of
sorts and would compare better with values for basket samplers.
For example, basket samplers in the Wabash River near New Harmony,

2Indiana (August 25, 1966). yielded densities of 167,600/m (Mason,
et al., 1971).

2.3.6.2 Logan Creek

Historical data concerning Logan Creek benthic fauna are appar-
ently lacking, except for the study by Dames & Moore. Dames &
Moore characterized the creek as similar to the Missouri River
in species composition, with slightly higher censities, biomass,
and diversity.

June 1974 samples at Station D contained 94.1 percent oligochaetes
(Table 2.3.5-1), with chironomids and nematodes comprising the

2 (Table 2.3.6-2). Ninety-remainder for a total density of 3292/m
2 was contributednine percent of the wet-weight biomass of 15,268/m

by Branchiura sowerbyi. Species diversity was also low at 1.23.

In September, the benthos population at Station D was still domin-
ated by oligochaetes (99.1 percent), as noted previously. Wet-weight

2biomass was slightly higher at 3806 mg/m . However, Branchiura

3- sowerbyi dominance was replaced by Limnodrilus sp. (65.0 percent).
A reduction in diversity of f auna af ter the June sampling resulted
in a species diversity of 1.03, the lowest recorded in 2 years of
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study by Dames & Moore. This reduction in diversity may be the
result of a toxic pollutant, such as a pesticide. Saether (1970)
noted that oligochaetes are more tolerant of pesticides than
chironomids. If pesticides were responsible, the effect was local
because the upstream Station E had a normal assemblage of chirono-
mids.

Another factor that may have contributed to the low diversity at
Station D is the Missouri River backwater, which deposits a thick
layer of ooze in the lower creek. Thick ooze of this nature often
becomes anerobic and is a poor substrate for most benthic macro-
invertebrates. Only chironomids and oligochaetes, which feed in
the ooze and respire through anal gills exposed to the water, can
survive (Brinckhurst, 1973). Also, Station D is subject to con-
stant scouring action which limits invertebrate diversity (Hynes,
1972).

The June 1974 samplcs at Station E contained 79.0 percent oligo-
chaetes and 19.2 percent chironomids (Table 2.3.6-1). Density
was 892/m , witr a wet-weight biomass of 518 mg/m2 Diversity2

increased from .23 at Station D to 1.70 at Station E. The greater
distance of Stai. ion E, ar noted above, from the confluence of
Logan Creek with the Missouri River probably accounts for the
major differences in diversity. Dapliccte (2.5-hour sampling
periods) drift nets yielded two mayflies and one midge larvae
(Table 2.3.6-7). This limited catch reflects the 1cw flows
during the June sampling. Random samples in June at Station E
revealed the precence of a moderately dense population of mussels,
mainly Amblema sp. and Uniomerus sp.. An estimation of their
density was 0.5/m2 Also, a limited number of Palaemonetes
kadrakensis green shrimp and immature crayfish was collected in
seine hauls.

September grab samples at Station E indicated an oligochaete
dominance of 69.8 percent with chironcaids contributing 25.6

2percent. Population densities were 868/m2 and biomass was 946/m .
Species diversity increased from 1.23 in June to 2.39 in September.
Station E seems to be receiving nild organic pollution: both
nutrients and fecal coliforms have been reported as moderate to
high (Table 2.3.1-2). The dominance of benthic fauna by oligo-
chaetes and diversities below 2.5 support possibilities of mild
pollution. The pollution source could be agricultural runoff
(including cattle waste in the creek), septic tank field lines,
or a combination of both. Intermittent flow, as noted by Dames &
Moore (1974), could also be a limiting factor.

A summary of the benthic macroinvertebrate species collected in
Logan Creek and the Missouri River is presented in Table 2.3.6-8
for the fall 1974 survey, the baseline survey, and the precon-
struction survey.

O
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TABLE 2. 3. 6-1

tvi - BENTHIC MACROINVERTEBRATES COLLECTED FROM THE
MISSOURI RIVER AND LOGAN CREEK,

JUNE 1974

Logan Creek
Misscuri River Sampling

Samplino Stations StationsOrganism A-2 B-2 H-2 C-2 D E

Nematoda
bUnknown sp. P + + P E E

Annelida
Oligochaeta

Dero sp. P + + P E +
Tubifex sp. P + P P E E
Limnodrilus sp. P P P P E E
Branchiura sowerbyi + P + + E E
Lumbriculus sp. P + + P + +

Crustacea
Copepoda + + + + + +cCalanoida P P + R , +
Cyclopoid + + + R E E

Cladocera + + + F + +
Amphipoda

Crangonyx sp. + + + R + +

@> Decapoda
Palaemonetes kadiakensis + + + + + R
Astacidae (immature) + + & + + R

Diptera
Chironomidae

Ablabesmyia sp. + + + + + R
Chironomus sp. + + + P,R E E
Chironomus sp. B + R + 4 + +
Cryptochironomus sp. P + + + + +
Tribelos sp. + + + + + E
Polypedilum sp. 4 + + R + +
Microtendipes sp. + + + + + E

Culicidae
Chaeborus sp. + + + R + +

Trichoptera
Hydropsyche sp. + R + R + +
Chematopsyche sp. + R + + + +

Ephemoptera
Centroptilum sp. + R + + R +
Stenonema sp. + R + R + R
Paraleptophlebia sp. + + + R + +
Isonychia sp. + R + + + +
Caenis sp. R + + + + +
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TABLE 2.3.6-3 (continued)

Missouri River Logan Creek
Sampling Stations Sampling Stations

Organism A-2 D-2 il- 2 C-2 D, 11

Pisidium (cyclocalyx) adamsi P P + + + +

Shaerium (muscelium)
partiumeium P 4 & + + +

a
Ponar grab sample

b
Random sample

C Ekman Dredge Sample
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@ @ @



@ @ @

TABI,E 2.3.6-4

WCT-WEIGIIT BEliTIIIC MACitoltJVl?IRTEBitATE BIOMASS AtJD DEtJSITII:S
l'Olt MISSOUltl it1VEll A?JD LOGATJ C itE E E , SEPTEMBEll 1974^

Statienn
I ljGroupn A-2 H-2 11 - 2 C-2 J

Oligochaeta (886)l.007 (2219)3.309 (848)0.889 (743)0.893 (3057)3.656 (606)0.594

Diptera (10)0.005 (48)0.024 (124)0.071 (162)0.081 (14)0.007 (222)0.111

Trichoptera (10)0.005 (48)0.135 (10)0.042 + + +

Ephemoptera + (86)0.632 (19)0.322 (67)2.295 4 (10)0.008

Odonata (10)0.430 (10)0.134 + + + +

Coleoptera + + + + (14)0.143 +

Mollusca (67)l.710 (10)1.086 + + + +

Other (10)0.005 + + + + (10)0.233
_

Total /m2 (993)3.162 (2421)5.320 (1001)1.324 (972)3.269 (3085)3.80G (868)O.946

_

"(number of organisms) wet-weight in mg/m 2



TABLE 2. 3. C- 5

NUMBER OF BENTHIC MACROINVERTEBRATES COLLECTED
IN A METERED LARVAL NET IN THE

MICSOURI RIVER,
JUNE 23, 1974

Oraanism Station B Station C

Crustacea
Amphipoda

Crangonyx sp. + 1

Diptera
Chironomidae

Chironomus sp. 1 1
Chironomus sp. B 1 +
Polypedilum sp. + 1

Culicidae
Chaoborus sp. + 1

Trichoptera
Hydropsyche sp. 1 1
Chematopsyche sp. 1 +

Ephemoptera
Centroptilum sp. 3 +
Stenonema sp. 10 13
Paraleptophleba sp. + 1
Tsonychia sp. 2 +
Caenis sp. 2 +

Odonata
Gomphus sp. + 1

TOTAL 20 20

3 3DENSITY 0.0503/m 0.0568/m

0
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TABLE 2.3.6-6

NUMBER OF BENTilIC MACROINVERTEBRATES COLLECTED IN A METERED LARVAL NET
IN Tile MISSOURI RIVER JUNE 23 AND SEPTEMBER 8, 1974

June 23 September 8
Organism Station B Station C Station B Station C

Annelida
Oligocheate

Limnodrilus sp. + + + 1

Crustacea
Amphipoda

Crangonyx sp. + 1 1 +

Diptera
Chironomidae

Chironomus sp. 1 1 + 4

Chironomus sp. B 1 + + +

Polypodilum sp. + 1 1 3

Tanypodinae (unknown) + + 1 1

Culicidae
Chaoborus sp. + 1 4 3

Trichoptera
Chematopsyche sp. 1 + + +

llydropsyche sp. 1 1 2 6

g sp. + + 1 +

Ephemoptera
Caenis sp. 2 + + +

Caenidae (unknown) + + + 2

Centroptilum sp. 3 + + +

llexagenia sp. + + 5 4

Isonychia sp. 2 + + +

Paraleptophicha sp. + 1 + +

Stenonema sp. 10 13 1 2

Odonata
Gomphus sp. + 3 + +

Sheet 1



TAllLE 2.3.6-6 (continued)

June 23 Sept. ember 8
Organism Station H Station C litation li SlidlTii d

-~

llemiptera
Buenoa sp. 4 4 4 1

Coleoptera
Stenelmin sp. + + + 1

TOTAL 21 20 16 24

3DENSITY 0.0527/m3 0.0568/m3 0.0490/m3 0.0603/m

Sheet 2
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TABLE 2.3.6-7

NUMBER OF BENTHIC MACRgINVERTEBRATES COLLECTED IN
DRIFT NETS IN LOGAN CREEK,

JUNE 22, 1974

Organism Station D Station E

Crustacea
Copepoda

Cyclopoid 6 38

Diptera
Chironomidae
Ablabesmyia sp. 1+

Ephemoptera
Stenonema sp. + 1

Centroptilum sp. 1 4

20.135-m nets

@

@



TABLE 2.3.6-8

BENTilIC MACROINVERTEBRItTES COLLECTED FROM TIIE MISSOURI RIVER AND LOGAN CREEK
DURING JULY (J-3), SEPTEMBER (S-3), DECEMBER (D-3), 1973, AND

FEBRUARY (F-4), JUNE (J-4), AND SEPTEMBER (S-4), 1974

Missouri River Ingan Creek
Ocqanism J-3 S-3 D-3 F-4 J-4 S-4 J-3 S-3 D-3 F-4 J-4 S-4

Pletyhelminthes
Turbe11 aria x

Nematoda
unknown sp. x x

Annelida
oligochaeta

Enchytraeidae
unknown sp. x x x
Lumbricuiidae
Lumbriculus sp. x x
unknown sp. x
Tubificidae
Autodrilus pi.gneti x x
Branchiura sowerbyi x x x x x x x x x x x x

Ilyodrilus tempietoni x
Limnodrilus coruix x x x x
I;. claparedeanus x x x x
L. hoffmeisteri x x x x
L. sp. x x x x x x x x x x x x
L. udekemianus x x x x x
Peloscolex sp. x
Tubifex sp. x x x
unknown sp. x x x x x x x x

Naididae
Aulophorus sp. x
Dero digitata x x x x
Dero sp. x x
Nais elinguis x x

N. sp. x

Sheet 1
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TABLE 2.3.6-8 (continued)

Missouri River Ingan Creek

Organism J-3 G-3 D-3 F-4 J-4 C '. J-3 3-3 D-3 F-4 J-4 ?-4

Procladi.us adumbratus x x x x

Procladiun ripa ius x x x x x x

Procladius sp. x x x
Psectrocladius op. x
Pseudochironomus sp. x x x x
Phectanytarsun sp. x x x x x
5tictochironomus sp. x x y

Tanypodinae x
Tanytarsini -

Tanytarsus sp. x
Tendipedini x x
Tribelos sp. x
Trichocladius sp. x
Trissocladius sp. x x x x

Zavrelimyia sp. x x
Culicidae

Chaoborus punctipent is x x

Chaoborus sp. x x x x x

Cera topogonidae
nozzia sp. x
Unidentified sp. x x x

Psychodidae
Psychoda sp. x

Tipulidae x
Tabanidae

Tabanus sp. x

Trichoptera
Chema topsyche sp. x x x x

Ilydropsyche orris x x
Ilydropsyche sp. x x
Igpc sp. x

tieureclipsis sp. x
Unidentified sp. x
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2.3.7 FISH

2.3.7.1 Missouri River

Pflieger (1971) summarized fish collection data from 1853 to 1969
in Missouri. From these data ne produced maps that note collection
sites for each species of fish reported from Missouri. A tenta-
tive species list for the Callaway Plant site has been constructed
from these maps (Table 2.3.7-1). The table includes 34 species
known to occur in the Missouri River and 32 species in tributar-
ies of the area. Thus, a total ichthyofauna of 67 species has
occurred historically near the site.

None of the Dames & Moore collections confirmed the presence of
nine species reported by Pflieger (1971). All of these species
were minnows, with the exception of the black redhorse (Moxostoma
duquesnei). Many minnows species in Missouri are limited to cer-
tain parts of 'he Missouri River. Some, for example, are restricted
to the upper and others to the extreme lower parts of the river.
Because no collections had previously been made between the Osage
and Gasconade Rivers (Pflieger, 1971), where the flow differs
significantly, it is logical to assume that the Callaway Plant
site might have a slightly different assemblage of minnows than
those reported by Pflieger.

The present study consisted of two trips, with 35 species being

fcollected from Missouri River (Table 2.3.7-1). Twelve species
collected had not been rccorded by Pflieger (1971). However, five
had been collected previously by Dames & Moore. Their presence
reaffirms Pflieger's classification of these species as wide
ranging. The remaining seven species had been reported only
from tributaries by Pflieger (1971). Low summer flows probably
account for their presence in the river.

During the June sampling period, 13 species of fish were captured
in gill and fyke nets set in quiet waters behind dikes and revet-
ments (Table 2. 3. 7-2 ) . Greatest numbers and diversity were obtained
from Transect C, which intersects the river near the mouth of Logan
Creek. Although there were no clear trends in catch among stations,
white crappie, freshwater drum, gar, river carpsucker, and carp
were most abundant in the catch. Sport fish such as white crappie,
sauger, and northern pike were captured only at Transecu C. Com-
mercially important blue catfish and flathead catfish were captured
only at Transect A. Smallmouth buffalo, reported to be the second
most abundant fish in commercial catches (Robinson, 1973), were
not collected.

Electroshocking was conducted in June along the north and south
shoreline for a period of about 4 hours but was largely unsuccessful,
as only 11 fish were collected (Table 2.3.7-3). High turbidity and
high river currents reduced the effectiveness of the electroshocker.
Other workers have encountered similar problems with this type of
gear in the Missouri River (Minter, 1972).
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The September gill and fyke net collections yielded 15 species
(Table 2.3.7-4). Most abundant were freshwater drum, smallmouth
buffalo, goldeye, and white crappie. Northern pike, black bull-
heads, and sauger, all collected in June, were not present in
the September collections. However, paddlefish, goldeye, small-
mouth buffalo, and white bass were present only in September.
Most of the seasonal differences in species composition are from
species that are classed as wide-ranging (Pflieger, 1971); there-
fore, their ephemeral appearance in the catch is not unusual.

To put the present (June and September 1974) fish collections in
perspective, a discussion by species is in order. For clarity,
they will be discussed by family in phylogenetic order.

The lamprey family (Petromyzonidao) has only one representative
in the Missouri River, the chestnut lamprey. Dames & Moore
collected five specimens in "ecember 1973; during the present
study, none were collected. Pflieger (1971) suggests that popu-
lations are decreasing because of reduction in spawning areas.

Two of the three species belonging to the sturgeon family (Acipen-
seridae) in Missouri are considered rare, the lake sturgeon (Aci-
penser fulvenscens) and pallid sturgeon (Scaphirhynchus albus).
Tnelr presence has never been reported at the Callaway Plant site.
However, the other species, the shovelnose sturgeon (Scaphirhynchus

f platyrhynchus), occurs at the site (Table 2.3.7-1).

The collection in September 1974 of the single member of the
paddlefish family (Polydontidae) confirms the presence of paddle-
fish in the lower Missouri River (below confluence of the Osage
River), where they have not been reported previously (Pflieger, 1971).

The gar family (Lepisosteidae) is represented by the longnose
(Lepisosteus osseus) and shortnose gar (L. platostomus). Similar to
findings of Pflieger (1971) and University of Missouri-Rolla (1974),
the present study showed that the shortncse gar was more abundant
than the longnose gar. This was true in both spring and fall
collections.

The eel family (Anguillidae) is represented by the American eel
(Anguilla rostrata) in Missouri. Its presence at the Callaway
Plant site has not been confirmed by this or previous Dames & Moore
studies. Pflieger (1971) reports collections containing eels at
several up-river sites. The catadromous nature of this species
predicts its presence, at least seasonally, at the Callaway plant
site.

The shad family (Clupeidae) contains the gizzard shad (Dorosoma
cepedianum), one of the most abundant fish in the Missouri River.
Dames & Moore collections in 1973-74 confirmed its abundance at

@ the site. Another species, skipjack herring (Alosa chrysochloris),
not normally considered a resident of the lower Missouri River,
has been collected both in 1973 and 1974 by Dames & Moore, although
it was not collected during the present study. Pflieger (1971)
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characterizes the species as inhabiting open waters of large
rivers and being intolerant of extreme turbidity. Its presence
in the lower Missouri River may indicate a reduction in excessive
turbidity. f
The present collection contained one species of the mooneye family
(Hiodontidae), the more common goldeye (Hiodon alosoides). Previous
collections (Dames & Moore, 1974; University of Missourl-Rolla, 1974)
in the area have contained the mooneye (Hiodon tergisus), which is
consioered rare in Missouri by Pflieger (1971).

The pike family (Esoxidae) was represented by the northern pike
(Esox lucius). There is a question as to whether E. lucius has
a natural population in Missouri or is present becauso of northern
intrusion. Pflieger (1971) states that there is a possibility of
a self-sustaining population in the Osage River. This is probably
the source of the single specimen collected in June 1974.

The minnow family (Cyprinidae) is more diverse than any other family
in the Missouri River. During the present study, 10 species were
collected, including the common carp (Cyprinus carpio). It was
moderate in abundance and accounted for 10 percent of the June net
collection and 8 percent of the September net collection (Table
2.3.7-2 and 2.3.7-4). This species, with its granivorous nature
and high fecundity (Berner, 1951), is well suited to the Missouri
River.

The other minnows collected corresponded closely to those reported
by University of Missouri-Rolla (1974). The emerald shiner, Notro- &
pis athernoides, was the most abundant for both spring and fall W
surveys. Second in abundance for the spring survey was the silver
chub, Hybopsis storeriana, and for the fall the western silvery
minnow, Hybognathus arqvritis (Tables 2.3.7-5 and 2.3.7-6). (H.
argyrtis is considered a subspecies of H. nuchalis, silvery minnow,
by Bailey, et al. [1970].).

The sucker family (Catostomidae) is ecologically well suited to
most large river systems. Their use of detritus, an abundant food
source, and touch-taste feeding mechanism reduce effects of high
turbidities (Hynes, 1972) normally associated with large rivers.
At the Callaway Plant site, this family is represented by five
species. All three species of the carpsucker genus, Carpiodes,
have been collected. The river carpsucker (C. caipio) is by far
the most prevalent species of this genus in the Missouri River
(Pfleiger, 1971). The other two Carpiodes species were collected
during the June 1974 survey.

The remaining sucker species, smallmouth and largemouth buffalo,
found at the site are both in the same genus (Ictiobus). Pflieger
(1971) and University of Missouri-Rolla (1974) both stated that the
largemouth buffalo (I. cyprinellus) is the most common buffalo
species in the Missouri River. However, at the site the smallmouuh
buffalo (I. bubalus) is more common (Union Electric Company, 1974).
During the present study, the smallmouth buffalo was the only
buffalo species collected.
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ff The catfish family (Ictaluridae) is represented by four species
at the site. In order of decreasing abundance, they are as fol-
lows: flathead (Pylodictis olivaris), blue catfish (Ictalurus
furcatus), channel catfish (1. punctatus), and black bullhead

( I_ . melas). Dominance of blue catfish is higher at the site than
previously reported by Pflieger (1971) and University of Missouri-
Rolla (1972, 1974) for the Missouri River; conversations with
local fisherman support Dames & Moore's findings.

The temperate bass family (Percichthyidae) was represented by a
single species, the white bass (Morone chrysops) . Several authors
have indicated that reduction in turbidity could account for ap-
pearance of this species.

The sunfish family (Centrarchidae) was better represented in Logan
Creek than in the Missouri River. Only one species of sunfish, the
bluegill (Lepomis macrochirus), was collected from the river. How-
ever, both largemoutn and smallmouth bass (Microptrus salmoides,
M. dolomieui) were collected in the river. Dames & Moore's
collection of smallmouth bass from the river represents only the
third such collection. The remaining sunfish species, white crappie
(Pomoxis annualris), was quite abundant behind revetments and at
the mouth of Logan Creek. It accounted for 10.2 percent of the
fall and 16.2 percent of the spring net catch.

The perch family (Percidae) was represented by the sauger (Stizoste-
9- dion canadense) and orangethroat darter (Etheostoma spectabile).

Several young-of-the-year sauger were collected both in the spring
and fall. However, adults were taken only during the spring survey.
This indicates low abundance of this species or possible migration
of the adults upstream during the spring.

The drum family (Sciaenidae) was represented at almost every sta-
tion during both surveys by freshwater drum (Aplodinotus grunniens).
Tnis species is also common in commercial catches, being taken
by net or seasonally by trotline (Robinson, 1973).

Although the fish fauna of the Missouri River is diverse, standing
crops and growth rates are reported by several authors as low
(Berner, 1951; Carlander, 1969; Gammon, 1970; and Robinson, 1973).
Sammon (1970) attributed low productivity resulting from high tur-
bidity as part of the cause. Berner (1951) states that channeli-
zation also lowered productivity by reducing backwater where plankton
production occurs.

To aid in assessing production potential, food availability, and
general suitability of the aquatic environment, condition factor
(K) was calculated for the five most abundant species collected
during both sampling periods (Table 2. 3. 7-7 ) . Condition factors
for four of the five species were either lower than values reported
by Carlander (1969) or as low. [The condition factor for waite

f crappie in the Missouri River is about equal to that attained by
this species in rivers of other states, such as in Oklahoma (Houser
and Bross, 1963).] This species is able to eat anything from
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plankton to small fish. It also is not greatly affected by tur-
bidity or mud botter. Therefore, it is well suited to backwater
areas of the Missouri River, as its condition factor illustrates.

The other species with a near average condition factor was the
carp. Berner (1951) indicateu tcrp are seed and detritus caters.
The fluctuating water level in the river results in good seed
supply at least part of the year. Gizzard shad and river carp-
sucker, which have a low condition factor, do not selectively
eat seeds and rely mainly on detritus.

Drum condition was lower than that of either white crappie or
carp. The drum has a more restricted diet than white crapple.
It is not able to use plankton and must generally utilize larger
food types such as fish and invertebrates.

An age and growth study was conducted on gizzard shad collected
in the Missourj River during the present study. Back calculated
length: mc age (Table 2.3.7-10) are slightly below the median
growths reported by Carlander (1968) for Missouri, Illinois,
Ecntucky, Tennessee, and '; orth Carolina. Because gizzard shad
probably are able to directly derive energy, they utiJize organic
detritus (Baker and Schmitz 1971).

In an effort to assess the food base of the river, seining was
conducted along sand bars and in backwater areas. Seine hauls in
June 1974 were dominated by shiners (Notropis spp.) and chubs g.
(Hybognathus spp. ) . Most abundant in all catches was the emerald W
shiner, reported to be the most abundant minnow in the Missouri
River. The spring sample also contained numerous young-of-the-year
gizzard shad, white bass, white crappie, sauger, and others. Sauger,
gizzard shad, bluntnose minnow, and brook silverside were collected
exclusively at night.

September 1974 seine hauls were also dominated by both adult and
juvenile shiners and chubs. The western silvery minnow (Hybognathus
argyntis) appeared for the first time. In addition, juveniles of
several species were collected, including river carpsucker, channel
catfish, largemouth bass, white bass, and sauger. Berner's (1951)
seine collections contained fewer minnows and were dominated by
Hybognathus spp. and Hybopsis spp.

For both fall and spring periodr, approximately 300 fish were col-
lected per 15-m haul of a 7.5-m minnow seine. This abundant pop-
ulation can be explained by the food habits of the collected species.
They are able to utilize particulate organic matter (detritu s) ,
which is the major energy source for the river's aquatic organisms.

Larval fish data were collected during both spring and fall surveys;
a metered net was used for sampling. These data serve a two-fold
purpose. First, they indicate spawning use of the Missouri River
and, secondly, they document the presence of possible entrainable
fauna.
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m Results of the larval fish sampling, conducted in the spring
(P (June 2 3) , showed that larvae of several species were suspended in

the water column and that reproduction had occurred only a short
time earlier (Table 2.3.7-S). Some egg-sac larvae were less than
4mm long. _ Densities of fish larvae and,eaas were calculated to
be 0.201/.m " at Transect B and 0.270/m # at Transect C. The differ-
ence in densities probably reflects contributions from Logan Creek
and associated backwaters at Transect C. Fish eacs were collected
only at Transect C.

In the fall ( S up tember 5), no larval fish were collected at
Transect B, but two carp about 20 mm long were taken at Transect C.

3They represent a density of 0.005/m .

2.3.7.2 Logan Creek

Logan Creek does not support the same species diversity as other
tributaries in the area. Dames & Moore, in four collecting periods,
reported 26 species from two otations, whereas Pflieger (1971) found
a more diverse ichthyofauna in tributaries adjacent to the Callaway
Plant site. He ir.dicated thmc 32 species occur only in these trib-
utaries. The creek's small size may account for its moderately low
diversity. One of the environmental factors limiting Logan Creek
diversity is its periodically low flow. During low flow periods,
pools are formed where water temperatures and dissolved oxygen can
become limiting to fish survival. Rapid water level change is

ff another stress factor. The short and narrow drainage basin reduces
seepage and increases volume and speed of runoff. Station D on Logan
Creek suffers from additional stress of heavy silt deposits (50 to 80
cm). This silt is deposited by flood waters of the river. Because
of the low gradient and current at Station D, these deposits are re-
moved cuite slowly.

Seining at Station D in June 1974 yielded a total of 10 species
of fish (Table 2.3.7-5). Five of these (Shortnose gar, gizzard
shad, emerald shiner, smallmouth bass, and freshwater drum) were
age 0 juveniles and three (channel catfish, bluegill, and white
crappie) were probably age 1 juveniles. Juvenile smallmouth are
of interest because they have not been previously collected in the
creek, though local fisherman catch adults. Adult smallmouth bass
have also been collected from the river near Hermann, Missouri
(Minter, 1972).

In September 1974 the number of species collected by seining at
Station D increased from 10 to 17 (Table 2.3.7-9). Intrusion of
river species into the creek accounted for most of the increase.
Warmouth (Lepomis gulosus), one of the river species collected,
has never been reported in collections from lower Missouri tri-
butaries (Pflieger, 1971).

Sampling was conducted at Station E on May 30 and June 22, 1974.
- The May sampling yielded seven species, mainly bluegills and green

- sunfish (Table 2.3.7-5). Green sunfish were absent in June when
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13 fish species were collected. In all, 16 species were collected
at Station E in the spring of 1974.

Standing crop biomass estimates were made at Station E on both
May 30th and June 22nd. During the May sampling, a 30-meter
cection of the cret: Nas blocked off with minnow seines and sampled
with a backpack D. C. electroshocker until the catch per unit effort
was reduced sufficiently to allow a population estimate. The same
procedure was used in June, with the exception that a 14.1-meter
section of the stream was sampled with a minnow seine. A total
of 60 fish were collected from the blocked-of f area on May 30th.
Regression of catch per unit effort on cumulative catch resulted
in an X-intercept of 68 fish. Total biomass, extrapolated from
the catch, is estimated at 2,469 g, or 24.18 kg/ha. Standing
crop biomass, estimated from the regression obtained from 28
fish collected on June 22nd, was 9.265 kg/ha. The difference in
the two estimates is due primarily to the large number of green
sunfish present in the May sample. The June sample contained fewer
sunfish and a greater diversity of smaller fish, such as minnows
and gizzard shad.

On September 6th, 1974, an 18-meter section at Station E was blocked
and seined. A biomass estimate of 4.342 kg/ha was calculated from
the X-intercept of 68 fish. The presence of numercus juvenile fish
in the sample accounted for the increase in fish numbers without a
corresponding biomass increase.

Biomass at Station D was estimated by use of a beach haul seine.
One-half of the seine was strung out directly across to the opposite
bank. The other end was played out along the near bank. Then the
near bank side of the net was seined across so as to encircle a ,

given area. Two seine hauls sampled an area equal to about 360m'.
Estimated biomass was 9.678 kg/ha, which almost equals the biomass
of the second sampling period at Station E.

The growth rates for bluegill collected from Logan Creek during the
present study are very low (Table 2. 3. 7-10) . For example, back
calculated length at age are slightly above the lowest reported
for Oklahoma during the period 1952 to 1963 (Houser and Bross,
1963).

In general, the number of species and standing crop at Station E
is lower that at Station D. Wide-ranging river species frequent
Station D and account for most of the difference.

Summary

In summary, the water quality of the Missouri River is influenced
primarily by surface drainage from undisturbed and cultivated lands,
high discharge rates, and industrial and municipal pollution.
Variation in most water quality parameters measured during the
present, as well as earlier, studies was a function of discharge -

rate and the presence of suspended solids. Coliform bacteria
counts increased during periods of high runoff and often exceeded
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state standards. Chronic pesticide contamination does not exist,

O"*p
though chlorinated pesticides have been detected in spring water
samples. Copper concentration, earlier suggested as a possible
acuatic +nv4 cant (Union Electric Company, 1974), was Tound to be
associated more with the concertration of suspended particulate
matter than with total dissolved solids. Therefore, toxicity of
copper to most aquatic organisms is not likely. Cadmium, however,
is probably a component of the total dissolved solids.

Data from the present study support the contention that water
quality is higher in Logan Creek than in the Missouri Piver.
Dissolved solids, suspended solids, turbidity and coliform
bacteria levels are generally lower in the creek than in the
river. Dissolved oxygen is generally higher in the creek than in the
river,though Station D in Logan Creek may, because of its close
proximity to the river, have dissolved oxygen levels more
characteristic of the river than the creek. Diurnal depleticn
of dissolved oxygen may occur in the lower reaches of the creek
due to respiration of organically enriched bottom muds.

Low phytoplankton and zooplankton densities generally found in
the river are related to excessive turbidities and lack of
adjoining lentic waters. However, in the present study, seasonal
fluctuations, density, and productivity of phytoplankton were
unusually great. Phytoplankton densities in September were over
100 times greater than those in June and as much as 8 times
greater than the highest densities reported for the lower Missouri

.j River. Primary productivity in September, as measured by uptake
of "C, was also moderately high, indicating that active
photosynthesis was occurring. During the summer, river discharge
rates dropped below 44,000 cfs, thus reducing turbidity and
creating quiet water areas behind revetments. Prior to the
September study, discharge increased from 44,000 to 89,000 cfs.
Apparently, this water level increase flooded the revetments and
washed phytoplankton into the river channel, thus producing the
high densities observed in September. Turbidity, which was
still moderately low, permitt'3 photosynthesis to continue
both in the river c hannel and behind revetments.

Phytoplankton densities in Logan Creek during the September
study were also high, though lower than Missouri River densities.
Primary productivity, however, was low at both sampling stations.
It appears that the presence of large numbers of dead diatom
frustrules accounted for high densities and low productivity
measured in the study,though other factors, such as nutrient
depletion, may be responsible for this anomaly.

Variation in benthic macroinvertebrate density, diversity, and
biomass was found to be a function of river discharge and
unstable substrate. High spring water levels plus the normal
emergence of mayflies and chironomids resulteu in low diversities
and densities and the predominance of oligochaete worms in the
June river samples. September samples contained a more diverse

-31-



and dense assemblage of macroinvertebrates as a result of improved
water quality, lower predation, and normal life cycle patterns.

Macroinvertebrate drift samples taken in the river yielded a
species composition different from that found in the bottom
grab samples. The source for many of the drift organisms may bc
channel modification structures such as dikes and revetments.
Samples of rocks and logs taken from a revetment revealed the
presence of species not associated with other bottom substrata.
Caddis flies, chironomids, flat worms, amphipods, mayflies, and ,

oligochaete worms were present in densities greater than 48,000/n~.

Logan Creek benthic macroinvertebrates are similar in species
composition to those in the Missouri River but usually have
higher densities, biomass, and diversitv. Seasonal variation
in benthic macroinvertebrate diversity, biomass, and density was
similar to that observed in the river and was largely influenced
by the same physical and biological factors. Variation between
stations is primarily related to differences in water quality and
substrate. Low diversity observed previously at Station D was also
noted in the present study and was the lowest recorded in 2
years of study. The most important factors affecting benthic
invertebrates in the lower creek arc those related to flooding
and silt deposit by the river, though pesticide contamination
may also play a role.

During the present study, 35 species of fish were collected in the
Missouri River. Seven of these species had not been collected in
the area previously but are reported as tributary species.
Freshwater drum, white crappie, and river carpsucker were
constantly abundant in all collections. Seasonal variation in
catch was due largely to the appearance of wide-ranging species.
Seine collections on sand bars and backwater areas were dominated
by the emerald shiner. Numerous juvenile fish were collected,
including gizzard shad, white bass, white crappie, sauger,
freshwater drum, largemouth bass, and others.

Results of the larval fish sampling in June indicate that larvae
of at least eight species were suspended in the water column.

5
Densities of fish larvae and eggs were estimated at 0.201/m at.

Transect C, suggesting that Logan Creek and associated backwaters
at Transect C contributed to the catch. The September sampling
yielded only two larval carp.

Seining and electroshocking in Logan Creek yielded a total of 26
species, including 12 species of juveniles. Tne eight species of
juveniles present in the creek in May and June were nost3y river
species. A greater number of minr.ows and sunfish made up the nine
species of juvenile fish present in September.

9
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u . Standing crop biomass estimates from collections i.ade at Station
icA E in May, June, and September are 24 18 kg/ha, 9.265 kg/ha, and

4.342 kg/ha, respectively. Bionass frcm collections at Station
D in September is estimated at 9.678 kg/ha. The appearance of
wide-ranging river species at Station D accounts for the observed
difference in biomass in Septctber.

Conditicn facters of the five most at .adant fish species collected
in the Misscuri River were calculated. Condition factors for
carp and white crappie were about average when ec= pared to those
from other states. Gizzard shad, riter carpsucker, and fresh-
water drum exhibited below-average condition factors.

@

@
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TABLE 2.3,7-1 (continued)

Col lec t io n Da t m,

Missouri River Ingan Creek
,

#
Species Common tJane 1853-1 % 9 1972 1973" 1974 197 b74" 1974

Catostomidae (continued)
gpentilium nigricans t4orthern hog sucker T
Ictiobus cyprinollus largemouth buf f alo x

Ictiobun Mbalus Smallmouth buffalo R x x x
Moxostoma duquesnei Black redhorse R
Moxostoma erythrurum Golden redhorse T x
Moxostoma macrolepidatum fiorthern redhorse T

Ictaluridae
Ictalurus furcatus Blue catfish R x x
Ictalurus melas Black bullhead T x x
Ictalurus natalis Yellow bullhead T x x x
Ictalurus nebulosus Brown bullhead x
Ictalurus punctatus Channel catfish R x x x x
Plyodictis olivaris I'lathead catfish R x x x
IJotu ru s exilis Slender madtom T

Cyprinodontidae
Fundulus catenatus tJorthern studfish T
Fundulus olivaceus Blackspotted topminnow T
Fundulus notatus Blackstripe topminnow T x x x

Poecil.iidae
Gambusia affinis Mosquitofish T x x x

Atherinidae
Iabidesthes sicculus Drook silverside T x x x

Percichthyidac
Morone chrysops Ohite bass x x x

Sheet 3
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TAIEC 2.3.7-1 (continued)

Collertion Dater

M i r, sou r i 14 i vo r Im Mn Ctrokf. milya
a b c d e fypocier Commn Namo ] mi l-l %9 1972 1971' 1974 1971-74 1974

Centrarchidae
Micropterun dolomicui Smallmouth bass T x x x
Microptorus nalmoiden La r genv>u t h bas s R x x x x
I,epomis gulunun Warmouth x

I,el m ir, cyanellun Green nunfinh T x x x
Leimmir humilus Orane npotted nunfinh T
I,epomis mogalotir longear sunfish T x x x

Lepomin m5 tochirus 111ueg i l l R x x x x x
Pemoxis arunnlarir White crappie R x x x x x

Percidae
Gtizontoldon canadenso Sauger R x x x
Percina phaxocephala Slenderhead darter T
Percina caprodes Ingperch T x

Etheontoma n ityr um Johnny dartet T x
E thoo s t oma spectabile 01angethroat darter T x x
Ethnostoma flabellato Pantail darter T
Ethnontoma punctulatum Stippled dar ter x

Etheontoma exile Iowa darter x

Sciaenidae
Aglodinotus grunniens Preshwater drum R x x x x x

a
River (R) and tributary (T) collections relorted by Pflieger (1971).

b
Collected from one station at liermann, Missouri (Minnouri River Envir onmental Inventoty, 1972), An unident if led
Notropir species wan also collected nea r Hermann, but has not been included in the table

e
Collected f rom five stations noa r t.he nite area by Dames & Moore, July, September, and Doenmber, 1973.

d
Collected from six 9tationn by , & Moore, June, 1974.,

" Collected from two stations by namen & Moore, July, September and December, 19 7 3 a nd l'ebr ua r y , 1974.
f
Collected from two 9tationn by Damen & Moore, June and September, 1974.

u
Obserfed during the nurvey, but not collected. Sheet 4



TABLE 2.3.7-2

TOTAL NUMBER AND LENGTH RANGE OF FISliES COLLECTED WITII GILL AND
FYKE NETS FROM THE MISSOURI RIVER, JUNE 1974"

Station A-North End Station A-South rnd ntation B-South End ::t a t ion H -Mo r t h End
Common Name Number Length Number Length Number Length Numim r Length

+ + 2 430(467)490 + + * +Shovelnose sturgeon
+ + 1 615 & + 1 605Longnose gar
+ + + + + +Shortnose gar + 4

+ + + + + + + +Gizzard shad
+ + 4 + + + + +Northern pike
+ + 2 300(385)470 + + 2 248(337)425Carp
+ + + + 1 377 + +River carpsucker

Blue catfish 1 210 1 805 + + + +

Black bullhead 1 200 + + + + + +

Flathead catfish + + 1 705 * + 4 +

+ + + + + + + +White crappie
+ + + + + + + +Sauger

Freshwater drum + + 4 + + * 3 225(267)309

Station II-South End Station C-North End Station C-South Erd
Common Name Number Length Number Length Number Length

Shovelnose sturgeon + + + + 1 530
Longnose gar + + + + 1 965
Shortnose gar + + + + 4 525(562)570
Gizzard shad + + + + 2 282(287)292
Northern pixe + + 1 666 + +

Carp + + + + + +

River carpsucker 1 377 + + 2 401(412)422
Blue catfish + + + + + +

Black bullhead + + + + + +

Flathead catfish + + + + + +

White crappie + + 1 185 5 178(210)250
Sauger + + 1 308 1 423
Freshwater drum + + + + 3 114(204)340

Total length range (mm) with mean length in parentheses.

9 9 9



TABLE 2.3.7-3

TOTAL NUMBER AND LENGTH RANGE OF FISHES COLLECTED WITH
A BOOM ELECTROSHOCKER IN THE MISSOURI RIVER, JUNE 1974

Station B-North End Station C-North End
Common Name Nu.ber Length Number Length

Shortnose gar 2 490;517 3 565(582)618

Gizzard shad + + 2 210;214

Carp + + 1 432

White crappie + + 1 185

Freshwater drum + + 2 231;234

Total length range (mm) with mean length in parentheses.

O

@



D ** ,-4 T1
m ev c -

St c m N -
:y:+ n ~

C NL. +| w O N C
~ ~

1M + + + + ?. N + + b + + + w G O
:+:, e - N -

; 4 w w w w

,:-. & - o o
, d W W C,

Y
,

L:

C!*|
11

_9 i + + + + , + + , + + + - ev q

-* , 5: ; w -

cir:
*.2|
U. )

f ? W C C
^

L V W _ .-e

d'' d F M T DTj
| ~ n n

*
m e

O O -
:, , ?-
L.| , e l C e O % 6 v

M + - t* C o ? O w + 4 + + + ?1

L' b t' e F W F i b
f, j; E , w w w w w w

w -l
6^

& C C - d
_

-

C
rw rw ?. c-

s y m m m
#
-1
-i

Of
-.01 J', I

.C.<
- # & - + - + + + e

C- &,EI
- = c+

r
.e-2iC
v. ;

d
~

o C e s e
-# D C F N

'"'
7

W *'"|
m - ~ ~

m -

's e.

6 m C v

g. . L i
nC,: n

C 4 % m m O gi?
i S + 6 + 7 +

g
,

w
V' .C

* * - ,5% + + **' L~. + N
af F -g M -3 jeC! C
w

N
w w w

t." CC, W w'-i e O C
~ Q

L. I f
** | s''G,

^

v -v v Np
--.

h,'* b
*: "N , ,

,
7 : *- i14:

y
= usf.

- c'": + C
N.

4 * + e c4 + 4 re-m,L;

W (*. R c'rj
-

v +
. -

"
p. W +;7!'
1 > L1
V. -

F -1
k

h -
L- 3 Tfu ; : C:r:

+ + 4 + O "J.
e a.- L c ;
T 'w + + + + + + +s c. "WJ. ' . *

i Z -
ItC. ; F M 'M V Waf '

U,

*' | Q j ==8

4 1 Ti-t
a ;

G

s. |'
G.

C' e

i. s..

K ~
be

Ci;
; a - L' + + e + - - + + + + + + +

- b +.E!
-|t)r,+-

E: t

< e ei
L

C: Z *

W O V
C M W L

i W ER
I' E

T [.C 'l
me

n .C
C - C-- ' ,

E >a. w..
| r< + + + + + + + + C. + + + + + &

:: C w v C
< +'") ~ C
Ig C,-i O be

d $
F

w.
~ w -

C< .-

E. M
C. ici.

,
+ + + 4 + + + + N + + + + + +

w.4L' tv

r. ? : .' C
e E! &
ts

-

e
&
E

I
e

.s.e

-

E
w

C
y.

lm .O C
8 f C? he
i.0

? X **. W: -
E kI E
""

a. C.
,

s w b O - w D W 4
D L 4 % +k -=4 T +-

"r't
E he e

F E M e i "JO e &
E &> .C & . si. .C -* C D F1 h A C

L*: a t u. kn e u y E c L
-

C E=. E #

Ft D 4> S 80 b MZ
^' -m Q E

'" d' O *3 C e=4 9' h D F.
C -e C { C m b ( O ti G *$ d

( > T
. <> c t- e4 C 4 @ @ f G- t, -

& W W T g, .-e t' C & .> s m +d
.A. ** -* E *

! u, - a w e 3 o m v. .- ..
.e> f-

d ". gL c T C - W - b
c' I r 5 - A

S"i
w .C 64,e e -.

s e. t :r



par 2asqo ans
t

--, ..y-

aq . 6%ds m , i :a;
4

sesaqqua2ed uT tn6ual ut a y1Ta tw) etal tafual t rieu.
e

+ t t t L3({?)?f l" + t CE(t1?)L7 t' + t Male lalM4sa 23
+ + + + + + t r> I + + IE(19)tr L latnts
+ + + ?; I + + + + + + 2a;2tp Tom yianuvic

+ + tLi(tH I)P9I E 2TI(00I)LO 2 e + (?(??)61 7 + + a!dde n a13ys
+ + EE I SS(Et)L2 3 + + LE 1 + + s e eq tn cc II tss.

A+ + e r, I + + + + + + + +- PT 29 4 hsTJES
IITtanIS$4I(9II) Tt 2E T i. l ( 60 I ) f'L I? M I e + + + + +

f i I i L G il bi. [ 621(EDI)19 G! + + + + + + + , tis];uns 2Eatuv]

OLI(lil) I s 9! t + + + + + + + + + 46T;uns u a;;a

+ , + + + t 9 ? ( t ? ) r. ! SE(L2)el El ?? 1 SSel alinM'

+ , e + + + + + + + s?ttr)el E apislaalis MacJa

y s ! ;;'a i rls 44+ t IE I UE 1 + + , e t ,

o utehn adT 21sM De tdS c ( O ;) Is t 59(csits y + + + + t + + ,

it I t t t t + + + + + t Fev4TInq MnEla

+ + + + LEI (66)Ce L + + + + + + ystJiea Isaury0

I + + f ( i :' > n ? 2 iii7/112 2 * + olcJJr.q y m wllems+ + ' ' q q
+ + 151 ( 5 t i) E f l ? + t e + + + + + N3elIITnd
+ + 29(LT)CI 91- t t t + t t OE(??)LI It mNu N osouiur 's
+ + 19 ( es i t:s c , + + e + + + + 2au!qs u?; pus

+ + 04 I + + + + + + + + 2 aa t- . p
19 1 !9(CS)9E EI I?(62)E7 ? L?(1216I Lt Cit??)LT iNE 09(Oi)61 % m lys ! E 2 a. -
, + + + t + + + t i (C2) BI w , + quR3 2 v.115
, 4 + + + + + + - + c. t, I qnq3 F t'e di e f.1

+ + t t , + + + O s-u p 2 19(tsisE tI 2 aI I A2 ce dO 4 5
ty? I Z I E ( ->H ! ) I L I 6 : (tiltf E LT I 29(Ot )2r LI Ct(L?)I? Fs l Eris IrenTn

cu!22sq wne[lixs+ t t t , + + t si(HT)9I L + +

t e t + 66 I + + + + , + atr. esau;anys
, t , + , , , + ts I e + n r. a m.ar m I

_ _ _ _ _

_ _ _ .I nqu;gf p[ugl Ja<N:6 tl 113..ua 1_ J ag,g _tj i r.u a'i ID@nN t{ i r;u ar[ laqanN t[T r uaq_ l aq..; n N au. L' S u OtJwa3gi t,G a ]
~_ _ _ _ _ , , _ _ _ _ _ _

Of I'W gg aunP 22 aune 22 aune tz aunc ?? =une
a uot;cas 3 untaugs a uoTaeas I uutiels yanou-a uoTaeas a uo;;eas

t i f. I 3 t;G P ' AIDID !!VD(fI G!!V d3AI11g
IliaOS S I W 3111 til S3N13S liiT M G313:ITIO3 S:lllSI.3 JO :1C 'Md ills iT1 GNV F..iGW3N 1VlOl

S-L*E*? TlHV1

@ 9 @



'I AHLE 2,3.7-6

TOTAL TR'MBER AND LE!F;TII RAtGE OF FISilES COLLECTED WITH SEINEh 111 MIS:K)URI IR IVEH ,
SEI'TEMBEIt 1974_,

a nB a h ni B-:::ou t h ';ta t i on H
Common tiame

Number Length Number I,o nt i t h Numbor Length

Skipjack herring 1 75 + + + +

Gizzard shad 3 66(71)HO 11 71(145)278 24 33(101)275
Flathead chub 2 42(5H)73 + + + +

Silver chub + + 15 'H ( 45) 62 3 61(65)70

Inerald shiner 77 '7(43)72 330 24(36)42 88 23(45)64
Red shiner + + 41 2H(40)47 + +

Silvery ininnow 22 27(48)00 + + + +

Bluntnose ninnow + & H 2H(45)62 + +

River carpsucker 32 45(59)67 H 45(48)51 3 30(32)33
Channel catfish 3 57(59)62 + + + +

Mosquitofish + + 2 25(26)26 + +

White bass + + 1 65 2 95(100)l04

"luegill 1 43 6 25(36)48 2 20(24)2B

Largemouth bass + + 4 25(36)48 + +

White crappie + + + + 4 56(71)l00

Orangethroat darter + + + + 2 30(31)31

Saugor + + + + 1 72

Freshwater drum 2 88(99)109 + + + +

0 0 @



TABLE 2.3.7-7

CO!!DITIO4 FACTOR A;D LE:GTH-WEIGHT REGRESSIO:;S FOR FIVE
SPECIES OF MISSOURI RIVER FISH COLLECTED,

JU:;E A;D SEPTEMBER 1974

Species Ccndition Factor Lencth-Weicht Eegressions

Giscard shad (male) (19) 0.929 leg W = -4. 8 7 + 2. 9 3 log L

Giscard shad ( f emal e ) (19) 0.971 log W = -5.42 +3.16 log L

Giscard shad (ccrbi ned ) (38) 0.950 log W + -5. 32 +3.12 log L

Carp (15) 1.353 log W + -4.83 +2.9B log L

hiver carpsucker (21) 1.217 log W + -4.46 +2.82 log L

White crappie (rale ) (9) 1.560 log W = -2.15 +1. 8 2 log L

White crappic ( f eral e ) (7) 1.654 log W = -4.76 +2.98 log L

White crappie (contined) (22) 1.546 log W = -2.77 +1.34 log L

Freshwater drum (12) 1.352 log W = -5.73 +3.36 log L

a
Number of specimens used for calculation.
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TABLE 2.3.7-10

MEAN BACK-CIsLCULATED TOTAL LENGTH (mm) AT END OF EACH YEAR
OF LIFE OF BLUEGILL AND GIZZARD SHAD COLLECTED IN 1974

Bluegill

Year Number Age
Class of Fish 1 2 3 4

1973 4 84

1972 31 63 91

1971 9 62 95 111

1970 5 55 85 122 137

mean length 66 90 116 137

mean increment 66 30 26 21

Gizzard Shad

Year Number Age
Class of fish 1 2 3 4

1973 6 126

1972 10 148 218

1971 25 142 208 260

1970 1 104 170 268 317

mean length 130 199 264 317

mean increment 130 68 75 53

9



m 2.4 ECOLOGICAL SUMMA _R_Y

Abundance and diversity of aquatic biota near the Callaway Plant
site have been characterized as limited by excessive turbidity,
high discharge rates, and lack of quiet backwater area. The
following discussion highlights some of the more important
features of the aquatic ecosystem as they are related to these
limiting factors.

Low primary productivity in the Missouri River has resulted from
heavy silt loads, which reduce the amount of light available for
photosynthesis by planktonic and periphytic algae. Because
primary productivity is low, the major source of L.argy available
to the aquatic community is from terrestrial plant and animal
materials in the watershed. This energy source, available
directly to both invertebrates (zooplankton, benthic inverte-
brates) and to vertebrates (fish) can result in short food
chains. For example, several of the minnows that provide forage
to other fishes can utilize organic detritus directly. Bottom
feeders such as the carp probably derive a portion of their
energy from detritus.

The single most important feature of the lower Missouri River
near the site is its physical nature, resulting from channeliza-
tion. The channel modification structure blocks side channels
and backwater areas and increases the flow. Nearly every aspect

fh of the aquatic ecosystem is subsequently affected. Quiet back-
waters, important as plankton-producing areas, spawning sites
for fish, and nursery areas for fish larvae are eliminated. As
a result, tributary streams such as Logan Creek likely receive
increased pressure as a substitute for lost lentic areas. The
importance of Logan Creek as a spawning area was shown in this
study. That lentic areas are important for plankton production
is illustrated by the findings of the present study with regard
to phytoplankton production behind revetments. Moreover, high
flow rates, siltation, and fluctuating water level resulting
from channelization limit the production of bottom-dwelling
organisms.

At the Callaway Plant site study area, several L-head dikes and
revetments exist on both sides of the river. Different aquatic
habitats such as open river channels, sand bars, reveted areas,
and creek can be distinguished on the basis of associated biota
as well as by physical features. The major components of these
associations are presented in Figure 2.4-1. Logan Creek, being
less physically stressed, has, for example, a proportionately
different assemblage of benthic macroinvertebrates than has the
river. The creek also has resident populations of fish, domi-
nated by sunfish and minnows. The energy source to the Logan
Creek biota is also largely from terrestrial sources, although
phytoplankton productivity is undoubtedly higher as a result of

h low turbidities.
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Numerous minnows were collected on the sand bars and quiet water
areas closed off by the bars. Juvenile fish of several species (
were also collected and a diurnal difference in catch was noted.
Several species probably move to the shallows at night to feed.

The revetments were found to contain high densities of macroin-
vertebrates of a species composition different fro:a that found
on the river bottom. These macroinvertebrates are probably the
source of a portion of the drift organisms collected in the open
channel. Also, the organisms found on the revetment probably are
a food source to several species of fish. During the winter
months of low flow, the dikes and revetments provide protective
areas where fish are known to congregata. Commercial fishermen
near the study site take advantage of this phenomenon to in-
crease their catches.

O
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2.5 CONCLUSIONS AND RECOMMENDATIONS

The results of this report, though they add substantially
to the data base collected at the site,do not contradict the
conclusions regarding the potential impact of the plant put
forth in the Callaway Plant Units 1 and 2, Environmental Baseline
Inventory, Annual Report. To reiterate, major factors influencing
the aquatic system near the site appear to be channelization,
turbidity, and surface run-off. Turbidity and water quality
changes from surface run-off are directly related to channelization.
Channelization results in a more immediate transport of run-off
water downstream and prevents normal modification of water quality.
Channelized water, having a greater velocity, reduces the possi-
bility of suspended particles settling out of the water column
and increases the erosional potential that results in higher
turbidities. Channelization also has resulted in elimination of
productive backwaters and marshy habitats. Because of this,
tributaries to the Missouri River have become increasingly
important as aquatic habitats, especially if they provide spawning
and nursery sites for fish.

The plant intake and discharge structures were located so as to
minimize any of the Callaway Plant's adverse ecological effects,
especially with regard to Logan Creek. The intake structure was
designed to reduce impingement of fish and the discharge efflu-
ent to meet water quality standards. Because of these construc-
tion and operational considerations, and the already limited
biota production in this section of the Missouri River, no major
impacts are anticipated.

Since Logan Creek may be an important spawning creek, it is
recommended that sampling frequency dL_2ng spawning be increased
over that in the first year of the preoperational monitoring
program. The recommended program for determining spawning
intensity in Logan Creek is as follows: When the temperature of
Logan Creek reaches about 60' F (late April), the first of two
samples to be taken during a 2-week period will be made to
measure early spawning activities. For measuring late spawning
activities, a second sample will be made about 2 weeks following
the first sample. Allowing time for sampling, spawning intensity
will have been measured over a time period of about 6 weeks.
During the second sampling period, routine data on benthos and
fish will be collected. This sampling period coincides with
1973 and 1974 samples. Thus the sampling for the aquatic
program should consist of a winter, spring and early summer,
and fall sampling.

@
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3. TERRESTRIAL ECOLOGY

@
3.1 INTRODUCTION

The Callaway Plant site is located on the Coates Plateau in
Auxvasse Township (T-46-N, R-8-W), the southeastern portion of
Callaway County, Missouri. The small town of Reform, centrally
located within the plant site, is about 350 feet higher than
and 5.75 miles south of the Missouri River. The plant site,
primarily the northeastern and southwestern sectors, is var-
iously dissected by drainageways. Site topography is rolling
to steeply rolling in character. In general, the rougher ter-
rain supports forest vegetation, some of which is grazed, and
the more level areas have been or are being utilized as pasture
and for production of annual agricultural crops.

A broad-based environmental baseline inventory of the Callaway
Plant site was conducted in 1973-74. The cbjectives of this
investigation were:

a. to record and describe "important" species of
flora and fauna in the site area during all four
seasons of the year

b. to provide baseline data that could be used to
91 develop a monitoring program for detecting in-<

pacts of plant construction and operation on the
environment

c. to offer recommendations to the Union Electric
Company concerning effects of construction on
any " unique or unusual" habitat, animals, or a
combination of these two life forms found within
zones of direct impact

The terrestrial sampling for the preconstruction phase of the
environmental monitoring program was initiated at the Callaway
Power Plant site in spring, midsummer, and fall of 1974.

The objectives of the monitoring program are generally comple-
mentary to those of the previously completed baseline studies.
Howevel, the orientation of investigation differs. Whereas
the baseline study was a broad-based investigation to charac-
terize the factors or components of the plant site environment,
*be focus of monitoring studies is to intensively document eco-
logical relationships of selected, permanent sampling stations
for the purpose of detecting changes in the natural system. The
stations were strategically located at varying distances and
bearings from, and outside of, the area to be directly impacted
by site development.

@

-42-



The data collected in the three samples ar presented and

summarized in this report. The purpose of _his report is to
determine the suitability of the sampling design for achieving
the monitoring program objectives and to discuss the ecologi-
cal relationships among the major environmental components.

This part of the report is organized into six major sections:
Introduction, v.ethods and Materials, Results and Discussions,
Terrestrial Ecological Summary, Conclusions and Recorr.endations,
and References. Most major sections are divided into sub-
sections, the number of which depends on the complexity of the
subject matter. The Methods and the Results and Discussions
are subdivided by broad terrestrial parameters (Vegetation,
Mammals, Birds, Amphibians and Reptiles, and Invertebrates).
The text ends with a Conclusion and Recommendations section
that attempts to relate survey data to potential environmental
impact from plant construction and operation.

9
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'6 43,563 sc ft (1 acre)
1. Totn tv (plants / acre) = -

,
- mean are? (ft-) of plants

. fiumber of individuals /snecies
. _. . . x lv32. Eelative Dentity = ';rber of incividuals of all species

^

. N=ber cf times individual species occurs
Tre'cencv of Species =- Total n=ber of times all species o . cur

Frecuencv of individual species
= _ x 10,s4. Relative Frecuencs - -

- ' sum of frequencies of all species

Total basal area
5. sasal Area per Tree = (overstory only)

?;rb'r o,. trees

Total basal area of one species
6. Relative Dominance = x 103 (OverstOrY CnlY)Tota,l basal area c,. all species

7. Total Basal Area = Mean area x density (overstog only)

E. Importance value = F. elative density + relative dominance + relative frequency)
(adapted from Curtis and Cuttam, 1956)

In addition to the overstory and understory samp1fng conducted
during the fall 1973 field effort, increment core samples were
taken of the major overstory species.

At the laboratory, the core was mounted in a position to vertically
expose the vascular structures. Once mounted, the core was
macroscopically and microscopically viewed, aged, and characterized
by observing any " signatures" of cyclic or unique occurrences
indicating the prehistory of the site. This data was then tabu-
lated to further characterize each of the sampled locations.

The general layer vegetation for each of the eight sampling
stations wrs surveyed in the s;. ring, summer (early August) and
fall (early September). Ground layer vegetation surveying was
'imited to herbaceous species and woooy plants of less than 20
ir.ches in height.

The sampling procedure (for spring and fall samples) consisted of
clipping all ground layer vegetation from quadrats located within
vegetation survey subplots as shown in I'igure 3.2-1. The area
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of the clipped quadrats used to sample forest habitat was 0.25
milacres (3.3 x 3.3 feet) and for prairie vegetation, 0.125

_

'

milacres in size. Clipped vegetation was sorted and packaged by
species. IndividLal bags were coded in accord with field
identification, with subplot and sampling station numbers,
:iatching voucher specimens of species occurring in subplots were
collected in the immediate area. The specimens were placed in
press and later forwarded to Dr. D. B. Dunn of the University
of Missouri for identification.

Clipped vegetation was transported to the Dames & Moot ' Laboratory
in Cincinnati, Ohio, where the materials were oven dried and
weighed. Net oven dry weights were recorded in grams according
to species and the subplot and sampling station from which the
species were collected.

For the midstmmer (August 1974) vegetation sampling, incidental
species not previously identified or collected during the spring
sampling period were collected. This was done by walking
transects through each plot and collecting plants not observed
during the spring survey.

Relative frequency and relative dominance based on proportional
dry weights were calculated for each species occurring at a
given sampling station. Relative frequency and dry weight values
were summed to provide a quantitative estimate of the importance
(importance values) of individual species in the compositions of
ground layer vegetation of respective forest and prairie communities.
These values are also shown in the above-mentioned appendices.
Species percent frequency, dry weights and importance values were
furtner utilized to characterize and compare ground layer
vegetation of the sampling stations as will be made apparent in
following discussion.

As part of the monitoring program, certain soil chemical proper-
ties were examined. At each sample location, samples were
collected at a depth of 3-4 inches with a soil auger. The
chemical analysis procedures are similar to those recommended by
the Environmental Protection Agency; the analyses were conducted
at Dames and Moore's Environmental laboratory (Cincinnati, Ohio).

;he following chemical properties of the soil were determined:
ph, total nitrogen, available phosphorus, potassium, calcium,
sodium and magnesium; the following heavy metals were also
determined: arsenic, cadmium, chromium, copper, lead, mercury,and
manganese. An analyr is for herbicide and pesticide residues in
the soil was alse performed. The herbicide and pesticide ana'yses
were performed by abc Analytical Bio Chemistry Laboratories, Inc.,
Columbia, Missouri.
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3.2.2 GJGALS

93p Ecdents were censused by the trap-and-recapture methods de-
~

scribed by Smith, Jorgensen, and Tolle3 (1972) and Smith and
Jorgensen (1974). Trapping grids were established on each of
eight permanent sampling stations--four in deciduous forest
habitats and four in grassland habitats. Each trapping grid
entailed use of 144 Sherran live traps: one trap was placed
near each of 144 wooden stakes located at right angles to
and 30 feet apart from one another. Stakes were arranged in
a geometric square, 12 stakes to a side, encompassing 2.5
acres (rigure 3.2-2). The sarpling area of each grid extended
one-half trap distanca (15 feet) beyond the staked perireter:
thus, the effective trapping area was 2.98 acres per grid.
Traps were set for 6 consecutive nights during each of the two
sarpling periods, spring and fall. Thus, for each sampling
period and permanent sampling station, a total of 864 trap
nights occurred; and for each major habitat t3 pe (prairie and
forest), trap nights were 3,456 (864 x 4). During the spring
survey, trapping occurred from May 31 to June 5, and for the
fall survey frce September 18 to September 23.

All traps were baited daily with a mixture of peanut butter and
oatreal. Traps in forest habitats were checked for captures
and baited each morning, while traps in grassland habitats
were baited each evening and checked for captures each morning.
Captured animals were marked by toe clipoing, and species, s9x,

era age class, reproductive condition, and capture location on the
grid were recorded. When sufficient captures permitted, 10/

animals of each species were anestheticed with methoxyfluorane
(Richins, Smith, and Jorgensen, 1974), and total tail, ear, and
hind foot length reasurenents were recorded. These measurerents
were compared to published data to verify field identifications.

A computer progran ( Sri th , Jorgensen, and Tolley, 1972) was
used to derive small mammal population estimates from the data
obtained frcm the trap-and-recapture program for each of the
eight permanent sampling stations. Population estimates were
then converted to density estimates by the following formula:

= popul n stinate
Population density effective trapping area"

Population density estimates are herein expressed as numbers /
acre for each species. Age class - sex relationship of species
occurring within each permanent sampling station are also
estimated.

Thirty snap-traps, baited with a peanut butter and oatmeal
nixture, were set in prairie habitat for four nights (June 5,
1974 to June 9, 1974) to obtain voucher specimens to aid in
identification.

@
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because the cottontail rabbit is a naturally-occurring primary %
consumer as well as an important prey species for a variety of
predators, the status of the rabbit population is particularly
relevant to a monitoring prograr. An automobile surve3 of
about 13 miles on local roads was used to survey the cottontail
rabbit. The survey techniques are similar to those described
by Lord (1959). The locations of the census route and the
schedule of route surveys was adopted to correspond with time
and travel requirements of investigators conducting small
mammal surveys at the various permanent rampling stations
previcusly discussed. The rabbit survey extended over a four-
day period during each sampling period- 'une 2, 1974 to June 5,
1974 during the spring survey and September 17, 1974 to September
21, 1974 during the fall survey. Results of the survey were
usec to estimate the relative abundance of cottontail rabbits.
The estimated mean relative abundance is expressed as the ratio
of number of rabbits / mile traveled.

A 2 0-mile n2 ghttic.e census route to inventory larger mammals was
established along existing roads in the vicinity of Reform,
Missouri. Spotlighting was used to supplement observations made
with auto headlights. The surveys began approximately 1 hour
after sunsct; the numbers and kinds of mammals seen were recorded.
The surveys were conducted for three nights during the spring
and fall surveys. Lord's (1959) techniques were used to derive
an estimate of relative abundance of the various mammal species

ffobserved.

9
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3.2.3 AVIFAUNA

The spring avifauna survey of the Callaway Plant site was
conducted during the height of the breeding and nesting period,
May 25 to June 11, 1974. A similar survey during the fall coin-
cided with the migration period, September 21 to 30, 1974.

The eight permanent sampling stations selected for intensive
irzestigation of vegetation and small mammal populations were the
focal point for the spring avian studies. Walking transects for
observing bird activities were established so that a portion of
the transect route traversed the permanent sampling stations.
Portions of the transect route exterior to the sampling stations
were located in habitat conditions very similar to those prevailing
within the perimeter of the sampling stations.

The technique described by Emlen (1971) was modified to estimate
avian densities within and immediate to the permanent sampling
stations. The investigator walked along each transect and recorded
all birds observed or heard within a strip of established width and
100 yards ahead. A strip width of 200 feet was adopted for survey
of prairie habitats; a 400-foot width was used for forest habitats.
The visibility of birds, the disturbing effect of the investigator's
movements, and the density of vegetation were importan, factors
determining width selection. This method differs from Emlen (1971)
in that coefficients of detection in each study area were estimated
rather than mathematically determined. This was necessary because

ff the continuity of habitat required by Emlen (1971) was not present
on the Callaway Plant site.

The areas sampled for each transect were as follows:

Pr-1 8.82 acres
Pr-2 6.17 acres
Pr-3 5.29 acres
Pr-4 9.70 acres
F-1 21.16 acres
F-2 21.16 acres
F-3 28.20 acres
F-4 21.16 acres

Species of birds recorded were identified either by sight or song.
The plots were not surveyed in order; instead, a random sampling
ras used to keep the consistency of the data equal for all the plots.
Every plot was visited at least twice for each sampling time to
provide data consistency throughout the study.

Breeding bird densities were computed by the following formula:

Number of Birds x 2 (breeding pairs) = Birds / acre
Area 01 coverage (acres)

iz The area of coverage acreage was computed for each transect route
by multiplying the strip width by transect length (feet) and"
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suoseguent conversion to acrcs. The length of each transect was
measured frcr an aerial photograph (scale 1" = 1920'); no adjust- *[ ,

ment was made for distance as influenced by topographic variatior..

Each transect route was traversed three times during the s;<ing
sar.oling n. e ri od , and the surveys were co. _ *ed .t c.,coriratu l-

- e
the same time each day. Hence, an aw ,;n - sf L_rcs, a.
calculated for each transect route . '-- :- : . c. hasis forp

u

comparisons between and within habitat rpc udents "t"
test was used to compare neans and to test 1 _ .ufica d;f-

ference between avian densities at the various cats.ed - as. Thic
test provides a method of substantiating the similarit3 c1 '"ss.
ilarit3 of plots on the basis of data obtained in field sursejs.

During the fall survey, transect samulin~ methodoloav was modified
. v

to give a nore accurate accountina of birds usina. the oermanent-

sarolina. . clots durina. the migration period. Each nlot. (F i c, ur e
. e

..z-1 ) was sampled b3 an investigator who walked a series of
transects the length of the plots and 100 feet apart. In addition,
he would walk a transect 100 feet from the outer perimeter and
completely around it. The area sampled for each plot remained
constant at 6.45 acres each.

The formula for computing avian densities for the fall survey
therefore is:

.v a. .. -% .e .c 4 .v A c= -
= Birasj' acre

. . .

o.,a tarea of coverage in acres)- ,_

The avian densities thus derived are subject to several unavoidable
modifying constraints, such as the flocking behavior of migrating
circs, the cecreasea, visibility or circs in post ureeding plumage,
.. . . _ . . . . _.. , ,

and the disturbing effects of the investi-ator's novements. Tnesev
modif.vina. constraints tend to increase variance in the results.
Each plot was sampled four times in a random sequence at varying
times of day to yield nore accurate estinates of avian density as
this relates to activit"> patterns and time of day.

@
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3.2.4 ;&PHIBIANS AND REPTILES

Amphibians and raptiles were recorded whenever encountered at
each of the per.:anent sampling stations established on the
Callaway Plant site. A variety of suitable habitats were
searched to detect the presence of reptiles and amphibians;
for exarple, pond banks were investigated, and logs and large
stones were upturned and the. oplr"o". Care was taken to
disrupt the habitat only momencarily ensr e the reliability
of subsequent reptile and amphibian surveys. The total survey
also included areas adjacent to the primary sampling locations.

Amphibians collected within the permanent sampling areas during
the spring survey (June 6-S, 1974) were marked by toe clipping
(Woodbury, 1953). neptiles were usually collected for voucher
specimens. The exception was turtles; an identification number
and date was carved on the glastron of captured species.

During the fall survey (September 13-15, 1974), herpetofauna
were narked by code to indicate the permanent plot nearest
their point of cacture and released. The code is at follows:

1) Lizards, frogs, toads, and salamanders:

A toe was cut off in a manner to indicate
the nearest plot - left front foot for
forest plots, right front foot for prairie9,| plots (1 2, 3, or 4), starting with the
inside toe.

2) Turtles:

A notch was filed in th? marginal scutes
(through to the bone) according to the
same code.

3) Snakes:

Subcaudals were clipped by the same code
as the snake was held venter up (meaning
a reversal of the actual side).

Vcucher specimens of each species encountered were collected
for later study to assure positive identification, as necessary.
Identification and nomenclature follow Iuair, Blair, Brodkorb,
Cagle, and Moore (1968) and Conant (1958). Whenever possible,
identifications were made in the field.

@
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3.2.5 I:NERTEBEATES

Invertebrates of the vegetative stratum were sampled at permanent
sampling stations established on the Callaway Plant Units 1 and
2 site. The sampled areas were Stations F-1 and F-4 in forest
habitats and Stations Pr-1 and Pr-4 in prairie habitats. Station
locations are shown in Figure 3.2-1. Sampling dates for the
spring survey were June 10 and 11, 1974. Fall samples were
taken on September 13, 1974.

An aerial sweepnet with a 38-cm diameter, heavy-duty muslin bag
and a 90-cm-long handle was used for collecting the invertebrates.
The sampling technique consisted of making 50 sweeps over a dis-
tance of 50 paces along three randomly selected transects within
each of the four 2.5-acre sampling stations. In both the prairie
and the forest communities, some vegetation was collected in the
net along with the invertebrates. This necessitated transferring
the contents into a 1-gallon ZIPLOCR bag after the first 25 sweeps
and again after the second 25 sweeps along a given transect. Both
plant and animal contents from each sample were carefully trans-
ferred into the bag, which was then sealed and immediately placed
on ice in a large ice chest in the field. On arrival at the lab-
oratory, the samples were transferred to a freezer, where they
were stored until each sample was processed for identification and
. ,unting. Plant parts collected in the sweepnet were examined
in the laboratory for invertebrates that might have adhered to them.
Organisms were appropriately pinned, pointed, preserved in ethyl
alcohol, or mounted on microscope slides for identification (USDA,
1967). This procedure proved highly satisfactory for the
majority of organisms collected.

@
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3.3 RESULTS AND DISCURSION

3.3.1 VEGETATION AND SOILS

3.3.1.1 Vegetation

Prairie Vegetation Type

The Prairie Sampling Stations Pr-1 through Pr-4 were composed of
two predominant floristic strata: the ground layer and the under-
story vegetation. These two strata will be considered separately
in the following discussion, which presents species composition
and seasonal diversity. The ground layer and understory will,
however, be considered as an integral unit in the discussion of
successional trends and directions.

Prairie Sampling Station Pr-1 exhibited a moderate diversity, with
17 species present in the fall 1974 sampling. Based on dry weight
and presence, several ground layer species held dominant positions
within the subplots. Meadow fescue (Festuca elatior L.) was by
far the most dominant, having a relative frequency of 100 percent
and an importance value of 132.9{ (Appendix A-1). Cinquefoil
(Potentilla simplex Michx.) and the graminoid (Panicum lanuginosum
Ell.) were the second and third most frequent species, both having
relative frequencies of 31.25 percent and importance values of
10.83 and 10.75, respectively (Appendix A-1). Subdominants falling
within the ground layer strata of Sampling Station Pr-1 having im-

@-
portance values below 10 included Japanese lespedeza (Lespedeza
striata (Thunb.) H. & A.), a carex (Carex glaucodea Tuckerm.), a
moss species, and Korean clover (Lespedeza stipulacea Maxim.)
[ Appendix A-1)). The remaining ground layer vegetation (10 species)
had importance values less than 4.25, based on relative frequency
and relative dry weights.

Dry weight, utilized as an indicator of presence in this study,
was an important parameter; it allowed distinctions to be made
among the ground layer plots on the basis of species composition.
The estimated dry weight based on 3,044.76 grams per 0.125
milacre for Pr-1 was 1,522,380 grams / acre (3,356.84 pounds /
acre), shown in Table 3.3.1-1. This sampling station showed
an overall increase in production of 261,490 grams (576.84
pounds) of dry weight plant material over the weights ob-
tained during the spring sampling period (Table 3.3.1-2).

Seasonal comparison of the dominant ground layer species from
Station Pr-1 indicated that reed fescue (Festuca arundinaceae
Schreb.) had phased out, while meadow fescue (Festuca elatior L.)
remained the prominent grass species. Spring subdominants, carex
(Carex glaucodea Tuckerm. ) and orchard grass (Dactylis glomerata L. )
(Appendix A-2) were replaced in prominence in the fall by the
cinquefoil and a species of panicum (Appendix A-1) . There was a
pronounced change in the species within the supportive community
of the ground layer as the season progressed from spring to fall.
Twenty-three species were recorded for the spring sample, while
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only 17 species were recorded in the rall sample. Ther were
eight carryover species found in both samples; .awever, 15 species

frecorded in the spring fa21ed to occur in the sabsequent fall
sample. Within the fall sample nine new species were tallied
that had not occurred in the spring sample. Thus, a total of 34
cistinct species were recorded for the ground layer.

The understory vegetation of Prairie Sampling Station Pr-1 dis-
played a considerable diversity in spe ' as composition during the
fall 1974 sampling program. The fall aumpling period was the first
instance data were obtained on understory veget. tion present within
the Callaway Plant site. Woody specieF sredomit,ted; persimmon
(Diospyros virginiana L.) was the most frequent species encountered,
with a density of 21 trees and an importance value of 64.2 overall
(Appendix A-3). Subdominants of the understory included snowberry
(Symphoricarpos sp. Duham.), pasture rose (Rosa carolina L.), and
white ash (Fraxinus americana L.) with importance values of 37.1,
29.2, and 11.6, respectively (Appendix A-3).

The subdominant species of the understory found within Prairie
Sampling Station Pr-1 all held importance values less than 10
( Appendix A- 3 ) . Evidence of regeneration is present in the under-
story of Station Pr-1 in that the species composition includes
black oak (Quercus velutina Lam.), post oak (Quercus stellata
Wang.), hickory (Carya cp. Nutt.), slippery elm (Ulmus rubra Muhl.),
and white ash mentioned previously. All of these species are ele-
ments of the forested sites discussed in detail later within this
section and indicate that regeneration of overstory species was not
a successional possibility within Station Pr-1. On the average,
there were 3.2 understory trees or shrubs in each quadrat, yielding
518.4 trees and/or shrubs per acre within the prairie vegetation
typc.

The second Prairie Sampling Station, Pr-2, showed an extremely
high diversity and composition of various ground layer species. A
total of 42 distinct species were recorded during the fall 1974
sampling program. The major dominant ground layer species was
redtop (Agrostis alba L.) with a relative frequency of 93.75 per-
cent and an importance value of 39.91 (Appendix A-4). Canada
blue grass (Poa compressa L.) was second in prominence with a fre-
quency of 100 percent and at importance value of 24.23 (Appendix
A-4). A disparity seemed to exist between redtop, frequency 93.75
percent, and Canada blue grass, frequency 100 percent. This was
easily explained when the dry weights of the two species were
compared. Redtop ar_ounted for 642.80 grams of dry weight, while
Canada blue grass accounted for 314.00 grams of dry weight, roughly
half the total for the dominant species, redtop (Appendix A-4).
The third, fourth, and fifth species were the graminoid (Panicum
lanuginosum Ell.), prairie threeawn grass (Aristida oligantha
Michx.), and Japanese lespedeza (Lespedeza striata (Thunb.) H. &

A) with frequencies of 87.50 percent, 37.50 percent, and 93.75
percent, and showing importance values of 12.45, 11.78, and 11.66,
respectively (Appendix A-4). Ground layer vegetation having in~
portance values less than 10.0 amounted to 37 additional species

%
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(Appendix A-4). Eighteen of the species "milec' I c2 ring the
. fall 1974 sarpling period consisted c: oranincic types, including
g4 adges, arices, and rushes.

Plot clipping performed during the fall 1974 sampling to obtain
herbage do weight revealed a general increase in vegetative pro-
duction. This increased biomass was reflected in the total fall
sarple weight of 1,012,050 grams (2233.55 pounds) per acre (based
on 2025.9 grams per 0.125 milacre). Specifically, the fall san-
ple showed an increase of 76,825 grams (169.42 pounds) per acre
of dry weight plant material (Table 3.3.1-1).

The dcninant ground layer vegetation of Sampling Station Pr-2
showed a remarkable change in structure from the spring to the
fall sarpling period. In the spring, the dominant species was
Kentucky blue grass (Poa pratensis L.); however, in the fall,
redtcp had replaced the blue grass (Appendix A-5). Kentucky blue
grass descended from a spring inportance value of 28.57 to a fall
inportance value of only 9.75, which is explained by the fact that
Kentucky blue grass is primarily a " cool season" grass that fades
out during the August-September period. In the spring, redtop
was number two, with an importance value of 27.05, which rose in
the fall to 39.91. Timothy (Phleum pratense L. ) , was third in in-
portance in the spring, with an 1=portance value of 21.63, but
fell to a low of E.35 in the fall sample. Hairy chess (Bromus
racenosa L.' held fourth position in the spring, with an importance
value of 11.39, but was not recorded in the fall sample. Finally,

9'-
a carex (Carex bushii Mack.), holding fifth position in the spring
with an importance value of 10.37, was not recorded during the
fall period.

This general " replacement" of species is believed to be attribu-
table to the seasonal composition changes brought about by elin-
ination of the heat-intolerant " cool season" grasses. These are
replaced by the " warm season" heat-tolerant and xercphvcic species
that are more adapted to periods of elevated temperature typi-
cally associated with the late summer-fall time period. To further
illustrate the seascnal species phase change: in the spring sam-
pling period, a total of 49 ground layer species were recorded,
while in the fall period, 42 species were recorded. Of these
recorded species, only 23 carryover species were found to be con-
current for spring and fall. Overall, 68 individual species were
recorded for the ground layer of Station Pr-2.

The understory s trctum of Sampling Station Pr-2 was limited to
only five species, all of which held importance values greater
than 10.0. The most important and most frequent tree species
found within the understory stratum of Prairie Station Pr-2 was
the woody species persinmon, with a relative frequency of 12
percent, a relative density of 77 percent, and an importance
value of 129.2 (Appendix A-6) . Subdominant supportive elements
of the understory included dewberry (Rubus flagellaris k'illd. ) ,
white ash, snowberry, and slippery elm, having importance values

@_. of 27.5, 23.1, 10.1, and 10.1, in order. Sampling Station Pr-2
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did not exhibit the understori species evident of understory-
overstory regeneration. White ash and slippery elr were present,
but the density data for these species indicated only a sparse '

representation. ~his fact suggests that succession within Pr-2
exhibited no wcil-defined trend other than a general shift to
more woody-shrubby cc position. Generally, the understor) was
characterized b3 S.7 trees or shrubs per quadrat, extrapolated
to 1,409.4 trees and/or shrubs per acre.

Frairie Station Pr-3 had a moderate species diversity within the
ground layer stratum during the fall 1974 s ampling program.
Specifically, 35 species were recorded for Pr-3 during the survey.
Canada blue grass was, by a considerable margin, the most domi-
nant species tallied; its importance value was 45.42 (Appendix
A-7). Furthermore, Canada blue grass had a relative frequency of
93.50 percent and a density based on dry weight of 657.10 grams
(Appendix A-7) . Redtop was the species holding secondary impor-
tance within Pr-3, with an importance value of 32.04 (Appendix
A-7). Kentucky blue grass and a panicum were also grass species
and held importance values of 15.52 and 10.51, respectively
(Appendix A-7) . Japanese lespedeza wc- the fifth and final spe-
cies having an importance value over 10 (Appendix A-7). There
were 30 additiona. species recorded having importance values
lower than 10. Nineteen of the total 35 species recorded were
graminoid species including the allied sedges, carices, and
rushes.

Dry weight determined from plot clipping of Station Pr-3 during
the fall 1974 sampling revealed a generalized decline in produc-
tion of herbage from the dry weights obtained during the spring
sampling period. This reduction in biomass production was notice-
able when weights from both spring and fall were compared. In
the spring, the sample station yielded 1,156,205 grams (2.549
pounds) per acre. The fall data yielded figures of 940,500 grams
(2,073.80 pounds) per acre, showing a net loss in production of
215.705 grams (475.20 pounds) per acre. A possible explanation
of this marked decline in production is that compositional
changes occurred frc= spring to fall, or tL it the edaphic-climatic
regime of the Pr-3 station affected its productivity.

Although the composition of the Pr-3 station changed, fall corpo-
sition was not radically dissimilar to spring composition. The
spring dominant was Kentucky blue grass, with an importance value
of 38.76 (Appendix A-8); this dominance was phased out by Canada
blue grass (with a value of 45.42) during the fall sampling. Red-
top, the second in importance during the spring survey, was also
second in the fall survey. The third species in order of impor-
tance during the spring was timothy, while Kentucky blue grass
was third in the fall period. Hairy chess and a carex were re-
spectively fourth and fifth during the spring, but were displaced
by a panicum and Japanese lespedeza in the fall.

O
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Comparison of species diversity of the ground layer between spring

O^m,
and fall reveals that 35 species were recorded fror both the

#' spring and fall sampling periods. A total of 16 carryover species
were recorded for both sampling periods. The total spetles diver-
sity of the spring and fall periods from the ground layer of Sta-
tion Pr-3 was 54 distinct species.

Sarpling Station Pr-3 displayed a sparse understory stratum char-
acterized by only three species. The predominant species was snow-
berry, with a relative frequency of 1.0 percent, a relative den-
sity of 4.0 percent, and an importance value of 100 (Appendix A-9).
The two remaining species, slippery eln and honey locust (Gleditsia
triacanthos L.) were present in equal numbers, both having impor-
tance values at 50 (Appendix A-9). If inportance values of 100 and
50 seer excessively high, it should be borne in mind that, from all
sixteen 6.25-milecre plots, only 6 individual trees or shrubs were
tallied. This sparsity of undersotry was reflected in the trees
or shrubs per quadrat value 0.4, which indicates a reager stratum.
sxtrapolation of the quadrat density data yielded 64.S trees per
acre for the understory of Sampling Station Pr-3.

Analysis of the understory frc= the viewpoint of succession yielded
no trend information. The absence of dense, regenerating woody
species indicated that succession to the stage of predominant under-
story had not taken place, but rather that Prairie Station Pr-3 was
still in the " grass" stage and was just beginning to experience in-
vading species.

@ Vegetation comprising the ground cover of Prairie Station Pr-4 ex-
hibited the least diversity of any of the other three prairie sta-
tions. The fall 1974 sampling recorded only 13 species in the
subplots of this station. Far above all other species in importance
was meadow fescue, with a relative frequency of 100 percent, an ir-
portance value of 136.20, and a yield of 2,517.35 grams of the total
2,542.55 grams recorded for the station (Appendix A-10). White
sweet clover (Melilotus alca Desr.) was second in importance in the
fall sanpling, with an i=portance value of 14.25 (Appendix A-10).
The third species of prominence was Korean lespedeza, with an ir-
portance value of 14.14 (Appendix A-10). The remaining 10 species
of the ground ccver vegetation had importance values less than 10
(Appendix A-10).

Production of biomass within the ground layer was determined from
dry weights of herbage. This dry weight served as an indicator of
species presence. For Prairie Station Pr-4, the estimated dry
weight per acre was based on 2,542.44 grar s per 0.12 5-milacre
(equivalent to 1,271,275 grams (2,803.16 ,;ounds) per acre (Table
3.3.1-1). A comparison of this production data to that obtained
during the spring sample indicates an increase in biomass produc-
tion. The total increase in dry weight per acre was 397,320 grams
(S77.16 pounds). Therefore, though there are relatively few spe-
cies comprising the Pr-4 station subplots, the production has in-
creased, the increnent almost entirely due to the species readow

@'; fescue. Indeed, from the standpoint of fall production, Pr-4 may
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be considered as monotypic, owing t thc overwhelming influence
of meadow fescue.

Spring (Appendix A-ll) and fall composition comparisons of pre-
cominant ground layer species at Pr-4 are similar to comparisons
for Pr-1, in that reed fescue, a dominant in the spring, was
overshadowed by meadow fescue, also present in the spring but more
widespread in the fall. Horse nettle (Solanum carolinense L.)
ranked third in the spring, dropped to an importance value of
13.04, and then increased its presence to an importance value of
14.14 in the fall period. A total of 22 species was recorded from
the spring survey, and only 13 species in the fall, with 7 carry-
over species from spring to fall. A total of 28 distinct ground
layer species was tallied for Pr-4.

The inderstory of Pr-4 was exclusively one species. Dewberry had
a relative frequency of 2.0 percent, a relative density of 3.0
percent, and an importance value of 200 (Appendix A-12) . Site
statistics indicated 0.2 trees or shrubs per quadrat and 32.4
trees or shrubs per acre. Because of the growth form of dewberry,
it was conjectured that the primary reason for lack of an estab-
lished understory was the intensive competition created by meadow
fescue within the subplots. Man-induced stress from cultivation
and/or chemical application was also thought to be a possible ex-
planation of the relatively early successional stage found at
Prairie Station Pr-4. Generally, the prairie stations reflect
the regional vegetation discussed by Kucera (1973), though the
site contains none of the unique floras cited by him.

Prairie vegetation Sampling Stations Pr-1 through Pr-4 were com-
posed principally of ground cover, with a representation of under-
story vegetation present in varying degrees. The composition,
both area-wide and seasonal, by species, of these four sampling
areas varied considerably, as evidenced in Appendix A-1 through
Appendix A-12. The prairie sampling stations may be grouped in
several ways according to their individual properties. The
spring and fall species composition of Pr-l and Pr-4 are most
similar, with reed fescue and meadow fescue being the predomina-
ting species in each area during both seasons. The Prairie
Sampling Stations Pr-2 and Pr-3 showed the highest specier diver-
sity, Pr-2 having 49 (spring) and 42 (fall), and Pr-3 ha'.ng 35
(spring and f all) species, respectively. Considering p7 duction
of biomass as a parameter, Pr-1, Pr-2, and Pr-4 showed oderate
gains in herbage yield during the fall sample, while Pr 3 showed
a general decline in production during the same time interval.

Structurally, the ground layer vegetation exhibited substantial
difference at the various sampling locations, based on the
species-area curve (Cain, 1938). On the basis of distribution
in the species-area curve (Appendices A-1, A-4, A-7, and A-10),
redtop, timothy, Kentucky blue grass, and Canada blue grass are
the dominant ground layer species. Japanese lespedeza, Korean
lespedeza, hairy chess, a carex, and a panicum were the predom-
inant members of the supportive community.
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*: 'istinct seasonal " phasing" of the grass species was also
. 2denc. The " cool season" c.ssses, such as meadow foxtail, red-

f top, t i m o t '.y , brome, and or chard grass diminished in importance
at th> tine of the fall survey. " Warm season" grasses, including
1cadcw fescae, panicum, and blue grass increased in prominence
during the fall sampling. This natural variation is a normal
seaso:a1 occurrence and must not be misconstrued as a successional
+ rend.

Vegetation of the understory, present at all of the prairie sam-
pling stations, showed a considerable individual differentiaticn
at each station. Species diversity for the understory included
Pr-1 (10 species), Pr-2 (5 species), Pr-3 (3 species), and Pr-4
(1 species).

Overall, the dominant understory species averaged from all sta-
tions included persimmon, snowberry, and dewberry. White ash,
slippery elm, honey locust, and pasture rose comprised the sup-
portive elements.

Succession was evident generally throughout the prairie sampling
stations, where both the ground layer and the understory vegeta-
tion indicated the evolving trend. This successional progression
was well documented for Callaway County (Drew, 1942), particularly
with respect to revegetation of abandoned land and the ensuing
" rebound" or reinvasion by characteristic species. Drew (1942),
and Cox et al. (1972) considered several periods of years as in-
dicators of the general trend. These trends include:

1. First year: The dominant species, while
reflecting the last grown crop, include
primarily panic grasses, crab grass,
common ragweed, trailing wild bean,
plantain, and horseweed. Generally, the
first year is composed of low-value grass
species, composites and some legumes.

2. Second year: The composition remains os-
tensibly the same; however, goldenrods
and asters are increasing in importance.

3. Third year: Compositional change alters
abruptly from the previous year. The
formerly dominant annual grasses and
composites evidence a decline. An in-
crease in perennial species is noted,
with goldenrods, asters, and broomsedge
showing an upsurge in absolute numbers.

4. Fifth year: The perennial species have
taken hold by this time, with goldenrod
and asters at an almost dominant posi-
tion. Wire grasses are first noted at
this stage. The important species of
the first and second year are almost
totally absent from the area.
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5. Fif th to Twen' ieth year : The vegetation
composition at tained at the five-year
period remains almost in equilibrium
throughout this period, experiencing
only minor changes. Subtle additions
include development of dewberry,
cinquefoil, legumes, and broomsedge.
Introduction of woody species commences
and is customarily well developed by
the twentieth year. Competition be-
tween shade-tolerant and shade-intolerant
species is pronounced at this time.

6. Twentieth to Thirty-fifth year: Increas-
ing evidence of woody trees and shrubs is
found, with a rapidly growing overstory
eliminating all but shade-tolerant species.
Spe(les within this category include muh-
lenbergia, goldenrods, snakeroot, and
meadow violet.

Subsequent to the thirty-fifth year, the woody species are gener-
ally well developed. As the woody species mature, they become
important as regeneration seed sources. In transition areas
(ecotones) between forests and pastures or oldfields, the pres-
ence of oaks, hickories, maples, elms, ashes, red cedars, sassa-
fras, and persimmon was noted. These species served as excellent
seed sources for the pastures and oldfields, which they adjoin.
It is worthy of note that regeneration of these seed sources was
evident during the fall sampi.,g data (Appendix A-1 through
Appendix A-12) for Stations Pr-1 through Pr-4.

Several of the understory species are considered to be transgres-
sive, that is, transitional between the oldfield and the immature
forest (Buzzaz, 1968). Species falline within this category in-
clude red cedar, sassafras, black oak, honey locust, and slippery
elm. A listing of invader species, " Transitional Species Prefer-
ring Disturbed Sites" prepared by Dr. Dunn, is included (Appendix
A-13). Buzzaz (1968) additionally considers the dissemination of
propagules (seeds) of different species on old or abandoned fields
to be of primary importance. Further, the success and viability
of these vegetative species is responsible in large measure for
an increase in the animal populations of the area (Johnson and
Odum, 1956; Pearson, 1959).

Comparisons of similarity for the ground layer prairie vegetation
based on importance values (Table 3.3.1-3) elicited some inter-
esting conclusions. Prairie Stations Pr-2 and Pr-3 evidenced
the highest similarity based principally on the mutual occurrence
of redtop, a panicum, Canada blue grass, and Japanese lespedeza,
with an index of similarity of 84.80 percent (Table 3.3.1-3).
Prairie Stations Pr-1 and Pr-4 were also found to be most similar
to one another, but here the reason for the similarity was the
pervasive presence of meadow fescue based on an index of

-60-



similarity of 83.76 percent (Table 3.3.1-3). The most dissimilar
of the prairie stations were Pr-2 and Pr-4 with an index of simi-

f larity of 12.18 percent. * Overall, distinct differences in com-
position were found to occur throughout the prairie ground layer
sampling stations based on species composition and presence.
Spring comparisons are presented in Table 3.3.1-4.

Similarity comparisons for the understory stratum of the prairie
sampling stations (Table 3.3.1-5), indicated that Station Pr-1
and Pr-2 were most similar with an index of similarity of 80.5
percent. Prairie plots Pr-2 and Pr-4 were second in overall im-
portance with an index of similarity of 56.9 percent. The most
dissimilar plots were Pr-1 and Pr-4, with a second group Pr-3
and Pr-4 all having indexes of similarity of 0.00 percent (Table
3.3.1-5). These determinations indicated a homogeneity of com-
position between Pr-1 and Pr-2 which was not found for any other
combination of plots.

Succession is influenced by many natural and induced factors.
However, within the Callaway site specifically, it is felt that
several factors are of paramount importance in regulating the
speed of succession. These factors include climatic conditions
favorable to seed production and plant growth, vigor of seedlings
established in the prairie areas, availability of fertile seed
sources, distance of the seed source from the field, size and
general morphology of the seeds of various species, and finally,
the occurrence of good seed production years. These natural

Gi f : tors, in concert with seasonal composition changes, serve to
airect the successional trend of the Callaway Plant site both
in composition and in time of development. A complete species
table for prairie and forest regetation was prepared (Appendix
A-14).

Generally, the prairie sampling ste. ions, both from the stand-
point of ground layer and unoersterv, will progress toward a
woody shrub-dominated cove. Lype in the foreseeable future. If
undisturbed by man, fire or infestation, these sites potentially
would develop into the oak-hickory forest associations charac-
teristic of the vicinity of the Callaway Plant site.

Forest Vegetation Type

In this section, the vegetation of each of three strata--ground
layer, understory, and overstory--is described for each of four
forest sampling stations.

Generally, the upland central hardwood types were predominantly
white oak, black oak, and red oak. On the more moist sites,
such as those found in Callaway County, Missouri, codominants or
subordinates usually were found to include along with the oaks,
white ash, black cherry, sugar maple, slippery elm, Ohio buck-
eye, shagbark, and bitternut hickory, with flowering dogwood
and sassafras the most numerous understory species. Locally

@ common species included shadbush and hop-hornbeam on the drier
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sites and redbud and hornbeam on the more moist sites. Usually,
these overstory and understory species occurred on residual soils

ffdeveloped frca sandstone and shale but were also found on shallow
limestone soils and areas covered with varying doutrs vf loeso

At the conclusion of the discussion of each of the four sampling
stations, an overall discussion of conclusions will be presented.

Forest Sampling Station F-1 showed remarkable diversity in flor-
istic composition of the ground layer, with 41 distinct species
present in the fall 1974 sampling. Several ground layer species
were found to hold dominant positions in the F-1 sampling area.
Fragrant sumac was the dominant, with a relative frequency of
33.3 percent, a relative dry weight of 21.82 percent, and an in-
portance value of 25.15 (Appendix A-15) . White oak and a carex
(Carex rosea Schk.) were the second and third most frequent
species, with relative frequencies of 6.66 and 7.77 percent, re-
spectively (Appendix A-15) . White oak had an importance value
of 22.46 and the carex value was 16.56 (Appendix A-15). White
ash and Virginia creeper (Parthenocissus quinquefolia L. Planch.)
were fourth and fifth, with respective importance values of
16.34 and 12.41 (Appendix A-15) . The rcmaining ground layer
vegetation (36 species) had importance values lower than 10.

Dry weight, an important indicator of species presence during
the spring and fall sampling programs, was utilized for Forest
Station F-1. The estimated dry weight per acre, based on 162.63
grams per 0.25 milacre, was 40,657.50 grams (89.64 pounds per
acre), as shown in Table 3.3.1-1. The Fall F-1 sampling station
showed an overall decline in production of 28,707.5 grams
(63.36 pounds) per acre.

Seasonal analysis of the dominant ground layer from Station F-1
indicated that the spring dominant was Virginia creeper (Appendix
A-16). Both the spring and fall samples recorded 41 distinct
species, with only 19 carryover species found during both sur-
veys. A total of 63 distinct species was recorded from the ground
layer of F-1.

The ground layer vegetation, as mentioned previously, exhibited a
remarkable diversity in both spring and fall periods. This diver-
sity was in part due to the open nature of the overstory and under-
story strata, discussed in the following section. The decline in
herbage yield of the ground layer of Station F-1 was thought to
be due in part to the lack of moisture available to the vegetation
during the midsummer and fall of 1974. The ground layer vegeta-
tion is the most susceptible strata to moisture deficit. It was
believed that succession within the ground layer is in the incip-
ient or early pioneer stage and has not been taken over by the
customary goldenrod-broomsedge cover type.

The understory of F-1 exhibited a surpriEing diversity of vege-
tative composition, with 24 distinct spec.'es represented. The
predominant species of the understory in the vicinity of Forest f
Station F-1, both in importance and frequenc;r, was flowering
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dogwood (Cornus florida L.). Flowering dogwood comprised 14.1
yg percent of the understory, on the basis of relative frequency,
d with an importance value of 35.3 (Appendix A-17) . White oak

and hickory (Carya sp. Nutt.) were also dominant in the under-
story, with relative frequencies of 10.1 percent and 12.1 per-
cent, respectively (Appendix A-17) . Though the hickory had a
higher relative frequency than the white oak, the white oak had
a much higher density (45.0) than the hickory (37.0) (Appendix
A-17). Subdominant species included white ash, fragrant sumac
(Rhus aromatica Ait.), hop-hornbeam (Ostrya virginiana (Mill.)
K. Koch.), and black oak, with importance values of 19.C, 19.5,
14.9, and 12.1, respectively (Appendix A-17) . The rema;.ning
understory species included shadbush (Amelzanchier arberea
(Michx. F.) Fern.), slippery elm, red cedar (Juniperus virginiana
L.), red oak, winter grape (Vitis vulpina L.), dewberry (Rubus
flagellaris Willd.), poison ivy (Rhus radicans L.), red mulberry
(Morus rubra L.), summer grape (Vitis aestivalis Michx. ) , hack-
berry (Celtis occidentalis L. ) , Ohio buckeye (Aesculus glabra
Willd.), virburnum (Viburnum sp. L.), black cherry (Prunus
serotina Ehrh.), hawthorn (Crataegus sp. L.), sassafras (Satsa-
fras albidum (Nutt.) Neew.), sugar maple (Aceor saccharum Marsh. ) ,
and grayback grape (Vitis cinerea Engelm.) (Appendix A-17) . The
vegetation of the understory amounted to an average of 23.0 trees
and/or shrubs per quadrat, and by extension, 3,726 trees and/or
shrubs per acre.

The great diversity of species within the understory of Forest

f Station F-1 was explained by the fact that the overstory consis-
ted of an open canopy that permitted the shade-intolerant under-
story species to flourish and become well establi shed. It was
also noted that many of the understory species within range of
Station F-1, such as the grapes, ivy, cherry, sassafras, vibur-
num, mulberry, and dewberry provide outstanding forage sources
as well as cover, concealment, and habitat for wildlife species.

Overstory in the Forest Sampling Station F-1 area was dominated
by white oak (including species and varieties) with a cumulative
basal area of 4,337.4 square inches. White oak held a relative
frequency of 25.5 percent, a relative density of 28.8 percent,
and an overall importance value of 132.8 (Appendix A-18). Two
species of secondary importance included flowering dogwood and
black oak, with importance values of 43.8 and 34.2, respectively.
The flowering dogwood had a relative frequency of 16.4 percent
and a relative density of 25.2 percent, while black oak had a
relative frequency of 14.5 percent and a relative density of 17.1
percent. Shagbark hickory and post oak were additional subdomi-
nant species having importance values in excess of 15.0, namely
18.7 and 16.1, respectively. The remaining species tallied for
Forest Station F-1 included shadbush, black hickory, hop-hornbeam,
red oak, slippery elm, red cedar, mockernut hickory and white
ash. Statistically, there were 6.9 trees per quadrat, a total
of 279.5 trees per acre. The basal erea per quadrat was 348.5
square inches, which was equivalent to 14,114.3 square inches

@ per acre.
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Structurally, the overstory exhibited substantial stratification,
partially due to the open canopy condition. Support for this
conclusion, in addition to the sample data, were the increment
cores taken and analyzed frcm the F-1 station. The cores evi-
denced an age spread from 15 years for a slippery elm and flower-
ing dogwood specimen, to 135 years for a hybrid oak specimen
(Appendix A-19). Further support for the uneven-aged nature of
the stand was found in the diameter classes of the increment core
study. Three distinct groups were evident: a 2.0 to 2.5-inch
class, a 4.00- to 7.00-inch class, and a 12.01- to 17.00-inch
class. The larger diameter class was co= posed chiefly of white
and hybrid oaks. This size class differentiation indicated that
the stand, though diverse, had not attained maturity, evidenced
by the " regenerative" nature of the 2.0-inch diameter species.
A mature, even-aged stand was not expected to display such di-
versity; therefore, it was felt that Station F-1, though showing
several over-mature specimens, was not a mature, climax oak-
hickory forest stand. Succession, if allowed to proceed undis-
turbed for Station F-1, would be expected to evolve te a closed
canopy oak-hickory forest characteristically found within the
region.

The ground layer of Forest Sampling Station F-2 had a high spe-
cies diversity. A total of 38 distinct species was tallied
during the fall 1974 sampling program. The dominant species of
the ground layer at F-2 during the fall was fragrant sumac,
which had a relative frequency of 5.81 percent and an importance
value of 21.18 (Appendix A-20). Virginia creeper was second in .

overall prominence, with a relative frequency of 9.30 percent
and an importance value of 16.38 (Appendix A-20). The fragrant
sumac was dominant, though its relative frequency was less than
Virginia creeper, because its dry weight (19.30 grams) was
greater than that of the Virginia creeper (8.90 grams). The
third and fourth species in order were white oak and elegant
bedstraw (Galium cocinnum Torr. & Gray), with importance values
of 15.44 and 13.94, respectively (Appendix A-20). The remaining
species with importance values greater than 10 were a carex
(Carex rosea Schk.) (13.52), wild bean (Strophostyles helvola L.
Britt.) (13.10 ) , and hop-hornbeam (10.52) (Appendix A-20).
Ground layer vegetation with importance values less than 10 in-
cluded 31 species (Appendix A-20).

Clippings from forest subplots during the fall 1974 sampling re-
vealed a general decline in production of herbage from the dry
weights obtained during the spring sampling period. This re-
duction in biomass was reflected in a comparison of the total
weights, both spring and fall. In the spring, the sample sta-
tion yielded 65,725 grams (145 pounds) per acre. The fall sam-
pling yielded a production of 31,387.5 grams (69.20 pounds)
per acre for a net loss of 4,337.5 grams (75.8 pounds) per acre
of slightly greater than a 50 percent decline in production.
It was felt that this decline in production of herbage was due
to a particularly dry summer-fall period of 1974 that caused

hsome of the species to be " phased out" due to lack of moisture.
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The composition of Forest Station F-2 did not change radically.
The spring dominant was Virginia creeper (Appendix A-21), whilef

w' the fall dominant was fragrant sumac. In the spring, the sec-
ond species of importance was the fragrant sumac and in the
fall Virginia creeper was of second importance. By virtue of
the large number of species (54) collected in the spring sample,
no individuals other than those already mentioned had importance
values above 10 (Appendix A-20). In the fall, species with im-
portance values greater than 10 included white oak, elegant bed-
straw, a carex, wild bean, and hop-hornbeam.

Comparison of the species diversity of the ground layer between
the sprang and fall indicated that 54 separate species were re-
corded from the spring sampling and 38 species were recorded
for the fall sample. A total of 19 carryover species were re-
corded for both sampling periods. The total species diversity
for spring and fall from the ground layer of Station F-2 was
73 distinct species.

Understory at Forest Sampling Station F-2 had the broadest spe-
cies diversity found to exist at any of the four stations. A
total of 30 distinct species were recorded in the fall 1974 sam-
pling program. The most important species, from the standpoint
of importance value and relative density, was fragrant sumac,
with figures of 25.9 and 18.3 percent, respectively (Appendix
A-22). It was interesting to note, however, that flowering dog-
wood, white oak, and white ash each had greater relative fre-

f quency than fragrant sumac, with 9.0 percent, 8.3 percent, and
9.7 percent opposed to the value for sumac, which was 7.6 percent
(Appendix A-22) . Though these species were more numerous than
fragrant sumac, their relative densities were much lower. That
is to say, the density of fragrant sumac was higher in those sub-
plots where it was found. This suggests that fragrant sumac had
a clustered distribution rather than a random heterogeneous dis-
tribution within the sampled quadrats. The importance values
of the subdominant species were flowering dogwood (22.8), white
oak (18. 6 ) , and white ash (15.2) (Appendix A-22). The remaining
species found in the subdominant category was sugar maple, with
a relative frequency at 4.8 percent and an importance index of
11.5 (Appendix A-22). The renaining species recorded at Station
F-2 had importance values less than 10 and included in order,
hickory, snowberry, black oak, pasture rose, poison ivy, shad-
bush, slippery elm, black haw (Viburnum prunifolium L.), wild
plum (Prunus americana Marsh. ) , red cedar, black cherry,
prickly ash (Zanthoxylum sp. L.), sassafras, persimmon, bitter-
sweet (Celastrus sp. L.), winter grape, grayback grape, black
raspberry (Rubus occidentalis L.), hop-hornbeam, hawthorn, red
oak, American bittersweet (Celastrus scandens L.), red mulberry,
wahoo (Euonymus atropurpureus Jacq.), and catbrier (Smilax sp.
L.). Statistically, Sampling Station F-2 had 39.9 trees and/or
shrubs per each 6.25-milacre plot. This density was equivalent
to 6,463.8 trees and/or shrubs per acre (Appendix A-22).

Forest Station F-2, with such a rich and interesting diversity
of species, was an open canopy overstory. The open canopy
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permitted a wide car: e t3 mf shadt.-intolerant species to prosper,
species which in a closed ccnopy situation would not likely .

have survived. Successional.v, cc= petition among dominants i- '
-

this sampling area was still n the preliminari stages, judg1..g
frcr the closely bracketed densities of the species corpr: sing
th( anderstory at F-2. Forage spe..ies were abundant in _ :e
Sampling Station F-2 area. Species of importar c .ncleaed fra-
grant sumac, shadbush, black haw. black c' err r af cal-r

simmon, bittersweet, grapes, b_ac x ra spber: 3, _ .h . , and
catbrier. The F-2 understory wra an excellent aren for cover
and concealment for wildlife species and met all the r- ire-
nents for a good habitat with considerable carrying cu-- ity.

Overstori i getation within Ic rest Sanpling Station F-2 was dom-
inated by 13 species, of which white oak (including the species
and varieties) was most dominant White oak was by far the most
ubiquitous species , with an importance value of 134.9 (Appendix
A-23). White cak, further, had a relative frequency of 25.0
percent, a relative density of 46.7 percent and a cumulative
basal area of 2,859.7 square inches (Appendix A-23). Shagbark
hickory was the subdominant species, having second position in
the stand with an importance value of 43.5 (Appendix A-23).
Black hickory and red oak were the next prominent species in
the stand, with importance values of 26.4 and 23.5, respectively.
It was interesting to nott that although red oak was fourth
based on importance value, it ranked second based on basal area
(515.9 scuare inches), which indicated that though red oak had
a relati0e frequency of only S.3 percent, those specimens tallied fwere all of a more nature diareter class than the other species
of the stand. The remaining species having an importance value
greater than 15.0 were black oak (22.2) and flowering dogwood
(20.5) (Appendix A-23). The remai..ing components of the over-
story fror Station F-2 included, in order, shadbush, mockernut
hickory, sassafras, post oak, black cherry, red mulberry, and
persimmon. Tne overstory components amounted to 9.8 trees per
quadrat or 396.8 trees per acre with basal areas of 282.7 square
inches per quadrat and 11,449.4 square inches per acre.

Zhe overstory of Station F-2 demonstrated st.'atification, though
in this sampling area, the strata were not found to be as dis-
tinct as observed for Stations F-1, F-3, or F-4. The oaks and
hickories displayed similar dominance of the overstory of F-2,
supported b3 shadbush, dogwood, black cherry, and red rulberry.
The lack of observable distinct strata within the samp. ling area
was further related to a lack of refined diameter classes taken
for increment core aging ( Appendix A-19 ) . The size classes ran
fror 2.16 through 8.00 inches, with fairly uniforn representa-
tion throughout. One separate class (11.18 inches) was found
for a single white oak specimen. The age classes ran from 17
to 62 years without major breaks. Though this age and diameter
class information indicated that forest stand F-2 was an uneven
aged stand, the marked absence of clean-cut size and age classes
indicated that this stand was becoming a distinct oak-hickory ..

forest. The prominence of the understory vegetation (30 dis-
tinct species), coupled with the density, led to the observation
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that the ; .g overstory stand suppo;te" a rich understory flora
.,y virtue of its open canopy. Shade tolerance and species com-

"% pctitien w7re among the prime factors noted serving to shape
the Fcrest Station F-2. If undisturbed, suct ession will be ex-
pected to lead thi s stand toward the climax cak-hickory forest
type characteristic of the area.

2orcst dampling Station F-3 exhibited a moderate species diver-
sity within the ground layer stratum during the fall 1974 sam-
p'ing. Specifically, 28 separate species were recorded for F-3
in the 'all. Fragrant sumac was the most dominant species re-
corded, with an importance value of 26.73 (Appendix 24) , a
relative frequency of 6.32 percent and a density based on dry
weight of 22.17 grams (Appendix A-24). A carcx (Carex rosea
Schk.) was the species of secondary importance in Station F-3,
with an importance value of 25.31 (Appendix A-2 4 ) . The third
and fourth species, Virginia creeper and tick trefoil (Des-
modium nudiflorum L. D.C.), held importance values of 25.26 and
19.93, respectively (Appendix A-24) . Wild bean and horse-mint
(Monarda russeliana Nutt.) were the fifth and sixth species of
importance, with values of 15.09 and 12.26 in order. There were
22 additional species recorded having importance values lower
than 10 (Appendix A-24 ) .

Determination of dry weight values from plot clipping at Forest
Station F-3 during the fall 1974 sampling revealed a marked de-
cline in production of herbage from the dry weights obtained
during the spring sampling period. This decline in biomass was9 noted in comparison of total weights for both spring and fall.
During the spring, Station F-3 yielded 44,300 grams (98.00
pounds) per acre. Data from the fall sample indicated produc-
tion to be 27,145 grams (59.85 pounds) per acre based on 108.58
grams per 0.25-milacre quadrat. The net loss in production was
a total of 17,155 grams (38.15 pounds) per acre. This decline
in production was thought to be due largely to the general dry
period fror midsunner to fall 1974, in the vicinity of the F-3
site.

Species diversity comparisons of the ground layer between the
spring and fall demonstrated that 38 species were recorded from
the spring sample (Appendix A-25) and 28 species from the fall.
A total of 17 carryover species were noted during the 1974 sam-
pling effort. Total species diversity for the ground layer of
Forest Station F-3 was 49 separate species. Spring and fall
comparisons of species revealed that fragrant sumac remained the
dominant species throughout the year. In the spring, Virginia
creeper, wild bean, tick tre' oil, wild licorice (Galium circae-
zans Michx.), and grayback grape held the dominant positions.
In the fall, a carex (Carex rosea Schk.), Virginia creeper,
tick trefoil, wild bean, and horse-mint were the dominant spe-
cies. This information indicates a stable ground layer vege-
tation.

On
The understory vegetation of Forest Sampling Station F-3 ex-;

hibited considerable diversity in species composition. Twenty-
four species were present and were recorded during the fall 1974
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sampling prograr. The dorinant species recorded was fragrant
sumac, which had an importance value of 70.7 (Appendix A-26).
Flowering dogwood was the next most important species, with
an importance value of 22.6 (Appendix A-26) . Flowering dog-
wood had greater relative frequency (13.2 percent) than fra-
grant sumac (12.3 percent), which indicates that the sumac
had a non-random grouped (clonal) distribution (Appendix A-26) .
Subdominant species with importance values creater than 10
included black cherry (14.7), black oak (13.4), hickory (13.1),
and white oak including the varieties (10.8) (Appendix A-26).
The supportive species also found within subplots at F-3 in-
cluded, in order, sugar maple, sassafras, red oak, winter grape,
pasture rose, dewberry, grayback grape, wild plum, red mulberry,
red cedar, snowberry, hawthorn, white ash, sum =cr grape, shad-
bush, hackberry, persimmon, and black haw. In total, there
were 39.9 trees and/or shrubs per quadrat and 6,463.8 trees
and/or shrubs per acre within Forest Station F-3.

The density and importance value of fragrant sumac (Appendix
A-26) establish it as the dominant species in Forest Station
F-3. Once again, however, as in F-1 and F-2, the open canopy
had permitted many species of the understory strata to compete
for light and space. This, then, was the reason why the flora
of F-3 was so varied. Forage sources were available and con-
siderable in quantity at F-3 and should provide excellent habi-
tat for wildlife.

Overstory vegetation in the F-3 area was composed of 13 dis-
tinct species and was dominated by white oak (including species

'

and varieties). White oak had a relative frequency of 26.9 per-
cent, a relative density of 57.0 percent, a relative dominance
of 58.3 percent, and an importance value of 142.2 (Appendix A-27).
White oak had a cu.nulative basal area of 3,175.1 square inches,
which was more than 2.5 times greater than that of black oak,
the next forest dominant, with a basal area of 1,296.3 (Appendix
A-27). Black oak had an importance value of 54.5, which would
have been a respectable figure were it not for the pervasive
size and frequency of the white oak component of the stand.
Additional elements of the overstory included flowering dogwood,
black hickory (Carya texana Buckl.), and post oak, with respec-
tive importance values of 25.2, 23.2, and 16.5 (Appendix A-27 ) .
The relative frequencies of these species were: flowering dog-
wood (17. 3 percent) , black hickory (11.5 percent), and post oak
(7.7 percent) (Appendix A-27). The remaining elements of the
overstory with importance values less than 15.0 were red oak
(14. 5 ) , shagbark hickory (S.7), sugar maple (6.9), mockernut
hickory (3.1), red mulberry (2.6), and grayback grape (2.6)
(Appendix A-27). There were a total of 10. 8 trees per quadrat, or
437.4 trees per acre having a basal area per quadrat of 333.2
square inches and a basal area per acre of 13,494.6 square
inches.

The physiogno=y of the overstory exhibited considerable strati-
fication, the oaks being the highest within the strata, f
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subtended by the hickories, maple, and red mulberry. This strat-
,

ification is further supported from the increment core data
Oy ( Appendix A-19 ) , which show that for Sampling Station F-3, the

oaks generally are older species, ranging from 38 to 50+ years,
whereas most of the hickories range from 10 to 35 years, with
one notable exception being a black hickory 61 years old. The
diameters also indicated that this was an uneven-aged stand by
virtue of the three size classes observed, namely 2 to 2.5
inches, 3 to 7 inches, and 8 to 13 inches. The oaks were well
represented in the largest diameter class and the supportive
community in tne small and medium-size classes. Probably, then,
this oak-hickory stand was not yet mature, judging from diameter
classes and strata of the overstory, combined with the wide di-
versity of the understory species. Reproduction of selected
overstory species was noted for the understory, indicating that
the overstory was reproductively active and had not gone into
the regenerative " stagnation" noted for some mature and over-
mature forests of the oak-hickory type. This forest in the
future will develop into a closed-canopy oak forest type with
mixed hickory interspersed. This successional trend is believed
to be correct if no detrimental external influences interrupt
the direction of the advancing stand development.

Forest Sampling Station F-4 demonstrated considerable diversity
of ground layer species, possessing 29 separate species at the
time of the fall sampling. Dominance was held by fragrant sumac,
which had a relative frequency of 10.6 percent, a relative dry

9' weight of 24.04 percent, and an importance value of 34.64
(Appendix A-28) . Wild bean and sunflower (Helianthus strumosus
L.) were second and third most frequent species, with relative
frequencies of 9.09 percent and 3.03 percent, respectively
(Appendix A-2 8) . The importance value of wild bean was 14.85
and for sunflower, 13.33 (Appendix A-28). Pasture rose and
black oak were fourth and fifth in order, with importance values
of 13.27 and 11.93 (Appendix A-28) . A carex (Carex rosea Schk.)
and elm-leaf goldenrod (Solidago ulmifolia Muhl.) were the last
species having importance values greater than 10.0, namely,
10.33 and 10.3, in order. The remaining vegetation (22 species)
of the ground layer had importance values less than 10.0.

Dry weight, utilized in this study, was an important indicator of
species presence, both in spring and fall samples. For F-4, the
estimated dry weight based on 167.40 grams per 0.25 milacre was
41,850 grams (92.27 pounds) per acre, as shown in Table 3.3.1-1.
An overall decline in productivity was noted for Station F-4.
This reduction in biomass was 24,270 grams (53.73 pounds) per
acre.

Changes in seasonal composition of the dominant flora of F-4
were noted. The spring dominant, Sampson's snake root (Psoralea
psoralioids [ Walt.) Corry var. elandulosa [ Ell.] Freeman)
(Appendix A-29) was replaced by fragrant sumac in the fall sam-
pling. The spring subdominants fragrant sumac, black-jack oak,

@ bur oak hybrid (Quercus macrocarpa Michx. V Q. marilandica) , and
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the pasture rose shifted importance with the fal; samp.e sub-
dominants, wild bean, sunflower, pasture rose, black cas., a

fhcarex (Carex rosea Schk. ) , and elm-leaf goldenrod. The spring
sample recorded 44 distinct species, with 20 carry-over species
to the fall sample, which comprised 29 species. Totally, 53
species were present for the spring and fall samples at Station
F-4.

The vegetation composing the ground layer at F-4 exhibited a
moderate diversity, somewhat greater in the spring than in the
fall. The understory and overstory of F-4 support the conten-
tion that there was an open canopy condition existing within
the F-4 area. The " openness" of the canopy was not as pro-
nounced as that found at F-1 or F-2, which explains why the
diversity of species based on shade intolerance was less at
Sampling Station F-4. The marked decline in biomass production
recorded for F-1 through F-4 supported the belief that the ex-
tensive dry midsummer and fall of 1974 caused loss of herbage
through wilt and lack of growth generally. The ground layer
vegetation was most subject to moisture changes and by virtue
of that fact reflected the moisture deficit in terms of reduced
or arrested production. Successionally, F-4 will continue to
proceed toward the woody perennial stage if left undisturbed.

Vegetation comprising the understory at Forest Sampling Station
F-4 demonstrated a wide diversity in composition, with 25 dis-
tinct species represented. The most predominant species in
the understory of F-4 recorded during the fall 1974 sampling .

was fragrant sumac, which had an importance value of 44.9
(Appendix A-39). Fragrant sumac had a relative frequency of
13.5 percent and a relative density of 31.4 percent (Appendix
A-30). Three other species comprised the supporting subdomi-
nants having importance values greater tlan 10. Black oak was
second in prominence, with an importance value of 31.7. White
oak and flowering dogwood were third and fourth in rank, with
respective importance values of 27.0 and 11.8. The remainder
of the species recorded for Station F-4 had importance values
less than 10, and in order included red oak, white ash, hop-
hornbeam, hickory, sugar maple, shadbush, black cherry, pasture
rose, grayback grape, winter grape, hawthorn, persimmon, red
cedar, hybrid oak, post oak, dewberry, red bud, wahoo, wild
plum, sassafras, and slippery elm. The understory was developed
to the point at which there were 25.7 trees and/or shrubs per
quadrat and 4,163.4 trees and/or shrubs per acre.

A diversity of 25 species indicates, as in the other understory
Sampling Stations F-1 through F-3, that the forest in which
these species comprised the understory is not a closed canopy
type. Indeed, with as much diversity as was recorded for the
understory, considering density alone, the overstory was quite
open, with many " breaks" in the cover. The open canopy has
permitted the understory to develop to a high degree. Being
highly diverse, Sampling Station F-4 had not established well-
developed formal successional patterns. Discounting the
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doninant species somewhat, consideration was 6 <ct 2 toward the
specific vegetative components t' t servc' t o f u rn foundation

(h for the strata.

Jpecies from the understory of F-4 that provided forage to wild-
life populations included hickory, shadbush, black cherry,
grapes, hawthorn, persimmon, oaks, dewberry, wild plum, and sassa-
fras. These edible species provided excellent cover and conceal-
ment habitat, as well as food, to many wildlife forms.

Overstory vegetation in the area of Forest Sanpling Station F-4
exhibited moderate diversity, with 11 species represented. The
dominant species was white oak (including species and varieties),
with an importance value of 92.7 (Appendix A-31). Black oak was
the second species, having an importance value of 88.0 (Appendix
A-31). However, if judged solely on basal area, black oak, with
2,115.3 square inches, would have been first, followed by white
oak, with 1,241.9 square inches. White oak was more important
because of its higher frequency of occurrence (28.6 percent) as
opposed to that of black oak (23.8 percent). Post oak was the
species holding third position, with a relative frequency of
21. 4 0 percent, a relative density of 23.1 percent, and an in-
portance value of 65.0 (Appendix A-31). The last species holding
an overstory importance value greater than 15 was flowering dog-
wood, with 15.6 (Appendix A-31). The remaining species were s

tallied for Forcst Station F-4 and included, in order, sugar
maple, black-jack oak, black hickory, shagbark hickory, slippery

1 elm, shadbush, and white ash. Physically, the overstory com-
. prised 5.7 trees per quadrat, or 230.9 trees per acre. The basal

area was 290.5 square inches per quadrat, yielding 11,765.3
square inches per acre.

The overstory of Forest Station F-4 showed a pronounced strati-
fication, dominated by six species of oak, with a supportive
strata composed of maple, dogwood, and hickories. The increment
cores taken from F-4 added further insight to the stratification.
Once again, three predominant diameter classes (2 to 2.5 inch,
3 to 9 inch, and 10 to 16 inch) emerged from the sampling station.
The most direct correlation between age and diameter class-species
relationship was observed for F-4. Three age classes (30+ years,
60 to 70 years, and over 100 years) supported the supposition that
this was yet another example of an uneven-aged stand. The open
canopy, the pre 6cninance of seedlings of overstory species within
the understory, and the age structure data provided emphasis to
this determination. The domination by oak species within this
station, coupled with the age determinations of the cores, in-
dicated that F-4 was a sub-climax cak-hickory forest type. If
this stand were undisturbed, it would in time develop to a more
even-aged, n.ature oak-hickory association with a gradual decline
in supportive species such as dogwood, shadbush, and possibly
white ash.

The composition by species of Forest Sampling Stations F-1 through

ff F-4 was varied, but most widely diverse in the ground layer. Less
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diversity was found in the understory, with the overstory re-
maining fairly stable. Ground layer data were presented in

.

Table 3.3.1-6, understory data in Table 3.3.1-7, and overstory
dat2 in Table 1.3.1-S. Species most common in the ground layer
included Virginia creeper, fragrant sumac, white oak seedlings,
and wild bean. For the understory, white oak, hickory, white
ash, fragrant sumac, hop-hornbeam, and black oak were the most
commonly occurring species. In the overstory strata, white oak
was the overal? dominant, with flowering dogwood, shagbark
hickory, black oak, black hickory, and red oak also usually
present. Comparisons of spring data for Stations F-1 through
F-4 are presented in Table 3.3.1-9.

Though a seasonal " phase" change was observable for ground layer
vegetation in F-1 through F-4, no such temporal relationship
occurred within either the understory or overstory sampling areas.
Generally, the openness of the overstory canopy was responsible
for the well developed and diversified understory and ground
layer vegetation. Succession, particularly in the ground layer,
was difficult to describe, with stages varying from incipient
oldfield to areas in which the ground layer was substantially
interspersed with understory woody specimens. In the understory,
however, successional pathways were more distinct, with a pro-
fusion of tree seedlings and saplings of overstory species pres-
ent and usually dominant within the understory stratum. Useful
indf.cator species for disturbance were compiled by Dr. D.B. Dunn
(Appendix A-13). These species were considered transgressive
or transitional species characterized as " invaders" or decreaser
species that indictted a stress to the vegetation. Being highly
competitive for space, these species h.7e been found to frequent
all types of disturbed sites. Particular reference in Appendix
A-13 is made to species found in or among both the prairie and
forest samp11ng locations. Il addition to the table of transi-
tional species (Appendix A-13;, a comp?cte species table for all
sites and strata is inrluded ( Appendix A-14 ) . This table identi-
fies the species by common and scientific name, by the location
of the sampling station in which it was found, and in what strata
it was observed.

The understory of Forest Stations F 2 through F-4 exhibited a
marked diversity of species, which was somewhat surprising con-
sidering the age of the overstory stratum. This diversity may
have been a response to pyric or moisture stresses of the past
in wnich the understory was eliminated and subsequently new
species invaded the stressed area. Kucera et al. (1963) indi-
cated that fire (and, by extension, moisture stress) could retard
development of woody species growth in prairie locations. Fur-
ther, subsequent to a fire (or moisture) stress, relatively high
productivity was experienced. The accumulation of understory
litter was responsible for developing a maximum fuel load, which
would increase the effectiveness of fire in controlling woody
growth of ground layer or understory species. This information
added further support to the hypothesis that in areas F-1 through
F-4, some environmental stress of the past brought about the re-
markable diversity of species found in the forest sampling areas.
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overstory vegetation of the Callaway County area has been de-
.

scribed in the past. Minkler (1971) has described the com-
14 position of a Missouri forast of the past as chiefly red gin,

black gum, white oak, black oak, hickories, white: ash, red
maple, elm, hackberry, and cottonwood. His inf'rmation was
drawn from a site evidently more mesic than thc Callaway Plant
site area based on the led gum, black gum, and cottonwood spe-
cies. However, the data indicated that this forest of the
past had a balanced structure with a great diversity of species
and age classou. Minkler (1971) stated that he considered the
ability of overstory specier _o tolerate saturated soils and
standing water to have litt.e effect in determining species
composition. He felt rather that stade tolerance and growth
rate combined with past occurrences created openings in the
forest. His observations were found to fit the data very well
and supported the contention that some stress had occurred during
the past that led to the profusion of species observed in the
for<st sampling stations.

The overstory was influenced by edaphic factors, as observed in
the field. The Menfro soil series, e silt-loam deep loess, ex-
tended from the edges of the river bluffs and provided an ex-
cellent medium for establishment of forested stands. Based on
early land records from 1816 and 1817 (Wuenscher and Valinnas,
1967;, the major dominant forest species in Kissouri that were
characteristic of this soil type were, in order of importance,
white oak, sugar maple, black 7ak, hackberry, white ash, and

GfF ,- assorted hickories. Specifically, for Callaway County, the
dominant species and their importance 'alues were white oak'"

(82), black oak (37), hickory (35), sugar maple (35)- and elm
(24) (Waenscher and Valionas, 1967). It was pointed out that
during the distant past, the Kansan glaciation extended into
Callaway County, leaving soil deposits that have, over the
years, provided the 2daphic foundation of the current vegetation
of the counti and, .ndeed, the Callaway Plant site specifically.

Characteristical?y, the overstory cf the forest sampling stations
was composed of white oak found on all upland sites, slopes, and
ridgetops except for verf xeric or shallow soil ridges (Duncan
and Ellin, 1969). Associated species, according to Duncan and
Ellis (1969), generally were found to include post oak, sassafras,
persimmon, black cherry, and white ash including various xero-
phytic hickories. For the drier sites, post oak and black oak
Aere observed to occur but because of their intolerance 13 com-
petition on bottom soils, they urually were relegated to poorer
sites. Duncan and Ellis (1969) noted that black oak, due to its
extreme shade intolerance, usually was not found to succeed it-
self unless major disturbance cccurs in the forest canopy. It
was further illustrated that post oak-black oak stands were
generally found as second growth communities following cutting or
other major disturbances (Duncan and Ellis, 1967).

@
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Successional]y, it was determined laat the forest stand types
located at Forest Sampling Stations F-1 through F-4 were rel-
atively young, based on diameter classes and the longevity of
rhe dominants determined from the increr et core study. Addi-
tionally, all stands were found to be une /t T-aged, based on
diameter class and the observed physiognomic stratification
present in the subplots. Characteristic of th2 more nn.ure
overstory was a decrease in the diversity of the species com-
prising the stand. The overall direction of the forest stands,
if undisturbed, is toward a mature, even-aged stand having
white oak as the dominant, black oak and various hickoc2e' as
subdominants, and a mixture of post oak, black jack oak, Llack
hickory, red oak, and flowering dogwood. The canopy openings
in the overstory were expected to close gradually, eliminating
all but the woody shade-tolerant understory species, which
gradually will " fill" the gaps in the overstory.

Comparisons were undertaken for the ground layer to determine
the index of similarity for the various forest sampling stations
(Table 3.3.1-6). Forest Stations F-2 and F-3 were the most
similar with an importance value of 77.79 (Table 3. 3.1-6 ) . In
decreasing order of similarity, the remaining groups were F-1
and F-3 (72.0 percent), F-1 and F-4 (70.46 pe'nent), F-3 and
F-4 (61.98 percent), F-2 and F-4 (61. 00 perec ), and finally
F-1 and F-2 (60.43 percent) (Table 3.3.1-6). :he reason there
was such a small spread in the indices of similarity (77.79 to
60.43 percent) was believed to be the prominence of four species,
a carex (Carex rosea Schk.), fragrant sumac, wild bean, pasture
rose, and, at tnree of the stations, Virginia creeper. The rel-

'

atively clustered indices of similarity indicated that the ground
layer generally was fairly representative throughout the forested
sampling areas.

Index of similarity comparisons for the undcrstory of the forest
sampling stations (Table 3.3.1-7) was found to have a clustered
distribution. Sarpling Stations F-3 and F-4 were the most
closely similar stations, with an index of similarity of 89.6
percent. Next in order of similarity were Stations F-1 and F-4,
with an index of similarity of 88.9 percent (Table 3.3.1-7).
The species of irportance throughout the understory were fragrant
sumac, flowering dogwood, white oak, and white ash. The most
dissimilar sampling stations were F-1 and F-3, with an index of
similarity .f 78.1 percent (Table 3.3.]-7).

The dominance of white cak,as previously discussed,was common to
all of the forest overstory sampling stations. Utilizing the
species dominance information, an index of similarity based on
frequency, density,and dominance values was developed for Stations
F-1 through F * (Table 3.3.1-8). Based on this data, F-2 and F-3
were most similar with an index of 93.6 percent (Table 3.3.1-8).
Next in order, were F-1 and F-3 (92.3 percent), F-1 and F-4 (90.3
percent), F-1 and F-2 (90.1 percent), and F-3 and F-4 (C7.5 per-
cent) (Tanle 3.3.1-8). The forest sampling stations with the low-
est index cf similarity were F-2 and F-4 (67.4 percent) (Table ;

3.3.1-8). The overstory vegetation common to all sampling
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stations includad four oak soecies, three hickor.s s.ne c i e s , suc.art

naple, shadbush, flowering dogwocd, and hop-hornbean.

M a n ;- factors, natural and induced,have served to alter the con-
t>csition of the vegetation in Callaway Count". These factors-

)

have reativ influenced the vegetation by altering the succassionv
rates constantly at work. For the count"3 cenerally, and the site

.

specifically, the vegetation, if removed from influence Ly . man,
wsuld develop to the characteristic cak-hickory forest assoc _ation
previous 12 discussed.

a . J . ., . .>, ~ - c -s o.1., ._.

The chenica. analysis results of the 10 soils at the permanent
sam.plina stations are snown in Tabl.e 3.3.1-10. In general, soils-

in the agricultural areas (Pr-1, PI -2, Pr-3, and Pr-4) have a
higher concentration of plant nutrients than those in the forested
areas (F-1, F-2, F-3, and F-4). This is expected since forests
in this area do not cenerally receive fertilizer ac-lications.

- .r
Concerning the heavy retals, there does not appear to be any clear
relaticnshi- between vegetative type and concentration, with theF
possibic exception of Prairie Sarpling Station Pr-1. This station
has a greater abundance of heavy metals, consisting predominantly
of lead, chromium, and manganese, than an" other eermanent samplingi

station. In general, the chemical corposition of the coils of
permanent sarpling stations does not appear unusual.

fh Tne results of the herbicide and pesticide residual analyses of
the soils are shown in Table 3.3.1-11. Of these residual s ex-
amined, rune appear to be abundant.

@
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TABLE ,3.1-1

SOME CHARACTEMISTICS OF GROUND IAYER VEGCTATION DASED ON PLUT CLIPPINGS AT
THE CALLAWAY PI ANT SITE, CAI.LAh' A Y COUNTY, M I S SOUlt i , FALL 1974

Obu 'ct e r i st i eaa [gd inj FtM inno

Prairle Fernst

PR-1 FR-2 F D.- 3 F F.- 4 F-1 F-2 F-3 F-4

Estimated Dry
Waight/ acre

grams 1,522,3Ro.00 1,012,950."') 949,500.00 1,271,27%.00 40,057.50 31,397 50 27,145.00 41,u50.00

inunis 3,356.04 2,233.55 2,073.no 2,803.16 99.64 m.20 59.83 12.27

Avara1e 1,100,776.25 grams
2,616. F3 3 p :unels 35,260.00 g r -im9

77.7A tw sund e.
Nu=1er of at*cias
identified in subplots
(including hybrids) 17 42 35 13 41 39 28 a

Ave r-,ge numbe r o f

spacie= occurring in
each subplot
(16 subplots per
statien! 2.93 11.43 A.93 2.09 5.02 5.37 4.93 4.12

* Includes herbaceous Species and w*'dY 1lants of less than 20 inches in height.
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TABLE 3.3.1-3

COMPARISONS WITHIN AND BETWEEN SAMPLING STATIONS BASED ON CALCULATED IMPORTANCE VALUES"
UFOR MAJOR COMPONENT SPECIES OF GROUND LAYER VEGETATION OCCURRIi1G IN SUBPLOTS OF

PRAIRIE HABITATS, CALLAWAY PLANT SITE, CALLAWAY COUNTY, MISSOURI, FALL 1974

!?ampling Stations
Species Pr-1 Pr-2 Pr-3 Pr-4

Achillna mill i.fol i ttn L. 1.79
Agrostis alba L. 39.91 32.04
Ambrosia bidentata Michx. 5.45 4.84
Andrologon virginicus L. 2.01
Aristida oligantha Michx. 11.78 1.55
Aster pilosus Willd. 2.87 4.85
Bromus sp. L. 1.50
Carex <laucodra Tuckerm. 6.49 3.60j
Carex sp. L. 2.69
Convolvulus sepiun L. 1.26
Croton capitatus Michx. 4.95
C ro to nops i s elliptica Willd. 1.40
Diospyros virginiana L. 1.28
Festuca elatior L. 132.94 4.03 136.20
Juncus tenuis Willd. 1.86 4.54
Leslede ra stipulacoa Maxim. 4.25 5.02 8.80 14.14
Lespedeza striata (Thunb.) H.&A. 8.56 11.66 10.39 7.00
Le spedo r.a violacea (L.) Pers. 7.00
Meli lot"s a lba Desr. 14.25
Moss sp. 4.68 6.25
Muhlenbergii schreberi Gmel. 3.77 6.30
Panicum lanuginosum Ell. 10.75 12.45 10.51
Paspalum ciliatifolium Michx. 2.97
Paspalum laevo Michx. 3.77 5.12
Phleum pratense L. 8.35 5.91
Poa compressa L. 24.23 45.41
Poa pratensis L. 9.75 15.52
Potentilla simplex Michx. 10.03 3.58
Prunella vulgaris L. 2.89
Pycnanthenum tenuifolium Schrad. 5.05

Sheet I

@ O @
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3.3.2 MIRMALS

3.3.2.1 Small Mammals

Small mammal densities determined during the spring and fall
sampling periods for the four permanent sampling stations located
in forest habitats are presented in Table 3.3.2-1.

Short-tailed shrews were present at all four sampling stations
during the spring survey but were found only at Sampling Stations
F-1, F-2, and F-3 during the fall survey. The shrew recaptures
at Station F-2 during the spring survey and at Stations F-1, F-2,
and F-3 during the fall survey were unusual occurrerces,
because shrews are not attracted by the bait used in the trapping
program. However, shrews are often captured when they blunder
into traps, or what is more likely, when they enter the traps
to prey on insects attracted by the peanut butter / oatmeal bait.
Shrews have poorly developed senses o sight and smell but wellf

developed senses of touch and hearing (Schwartz and Schwartz,
1959).

Short-tailed shrew densities at the forested stations are prob-
ably about normal. Schwartz and Schwartz (1959) list " normal"
population densities as 1.4 per acre. However, short-tailed
shrew densities may exceed 25 animals per acre during periods of
peak populations. In addition to preying on insects, short-
tailed shrews also eat mice, which they kill with a salivary
poison. Thus, they may be at least partially responsible for
the low densities of white-footed mice in forest habitats.

One least shrew was captured at Sampling Station F-1 during the
fall survey. Although least shrew captures in deciduous forest
habitats are not unknown, they are far more common in prairie
and oldfield habitats (Briese and Smith, 1974).

Permament Sampling Stations F-2 and F-3 were inhabited by white-
footed mice (Table 3.3.2-1). Respective densities of 0.67/ acre
and 0.40/ acre during the spring survey are considered to be low.
No white-footed mice were captured at any sampling station during
the fall survey. It is possible that the deciduous forest
habitats on the Union Electric site are simply unsuitable habitat
for white-footed mice; however, it is probable that the white-
footed mouse population in this portion of Missouri is in one of
its cyclic " lows," which occur every 3 to 5 years (Schwartz and
Schwartz, 1959). This " low" has probably been reinforced by
the oak mast crop failure due to early frost during the last
3 to 4 years. Acorns are among the staple foods of the white-
footed mouse (Schwartz and Schwartz, 1959).

Small mammal densities during the spring and fall sampling periods
for the four permanent sampling stations located in prairie habi-
tats are presented in Table 3.3.2-2.
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One short-tailed shrew was captured on Station Pr-4 during the,

'E spring survey. Although short-tailed shrews do on occasion in--

habit prairie situations (Briese and Smith, 1974), their pre-
ferred habitat is wooded areas. Therefore, their occurrence on
prairie sites should be regarded as an exception (Schwartz and
Schwartz, 19591

Least shrews were captured at Stations Pr-1 and Pr-4 during the
spring survey and at Station Pr-4 during the fall survey. These
shrews are generally abundant but are seldom caught in live traps
because of their marked preference for insects, centipedes,
millipedes, spiders, and similar foods. Like the short-tailed
shrews, least shrews have poor senses of sight and smell and
locate their prey by sound and touch. They have tremendous
appetites, consuming one to three times their weight in food
daily. This species may contribute to control of insect popu-
3ations in an area, but the precise relationship between popu-
lations of least shrews and insects has not been scientifically
established (Schwartz and Schwartz, 1959).

Western harvest nice were captured at Stations Pr-2, Pr-3, and
Pr-4 during both surveys. Only at Stations Pr-2 and Pr-4 were
sufficient captures made to enable calculation of denisty
estimates. Population densities of 0.60/ acre and 1.34/ acre on
Pr-2 and of 0.67/ acre and 0.44/ acre on Pr-3 (spring and fall
surveys respectively) are low for this species and may reflect

94
'

their " trap shyness" (Briese and Smith, 1974). Bancroft (1966)
reported population densities of 10 to 12/ acre in relatively
similar grassland habitats in Kansas. Populations of western
harvest nice may fluctuate rapidly in part because they breed
as early as 38 days of age and may bear new litters as often as
every 22 days, although this situation is not often seen in field
situations (Richins, Smith, and Jorgensen, 1974). Western
harvest mice are an exclusively grassland species, feeding
primarily on seeds. However, they occasionally supplement their
diet with insects (Schwartz and Schwartz, 1959; Bancroft, 1966).

Prairie voles are the most common and most ecologically important
species occurring at the prairie stations. It is also the single
most important small mammal species present on the Union Electric
plant site, both in terms of trophic relationships and numbers.
This species is uniquely suited for study as an indicator of
environmental change since it reflects change dynamically both
as a population and individually. Population densities for
all four prairie stations were comparatively low during the
spring survey, with the highest density occurring at Station Pr-4
(Table 3.3.2-2). Prairie vole populations generally follow a 4-
year cycle of abundance, ranging from less than 15/ acre at low
levels to more than 250/ acre at peak levels. Average population
densities generally range between 15 to 50/ acre, but population
levels are dramatically influenced by such environmental factors

ff as summer drought, severe winter weather, parisitism, epidemic
disease, land use changes, and changing habitat suitability
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(Schwartz and Schwartz, 1957; Myers and Krebs, 1974).

It would be difficult to overestimate the importance of the
prairie vole in the ecology of the prairie regions. The species
is preyed on by almost every predator, even bullfrogs and
snapping turtles; yet the prairie vole population may increase
by threefold to tenfold in a single season. One individual in
captivity produced 13 litters totaling 78 offspring before
reaching one year of age (Schwartz and Schwartz, 1959).

That this situation can occur in nature is apparent by the data
in Table 3.3.2-2. The population density at Station Pr-1
increased approximately six times between the spring and fall
samples. At Station Pr-2, the increase was about eightfold; at
Pr-3 about fivefold. The vole population at Station Pr-4,
however, increased little--from 8/ acre to about 9.5/ acre. This
apparent disparity in population trends can be explained by
examining the relationship of prairie vole habitat requirements
and existing conditions at the four prairie sampling stations.

The sprina mammal data for Prairie Stations Pr-1, Pr-2, and Pr-3
show sharply lower prairie vole densities than for Prairie Station
Pr-4. This difference is probably the result of a difference in
previous land use at Pr-4. Station Pr-1 is located in a hay
field that was apparently harvested annually in previous times.
Consequently, only limited litter accumulations were present at
the ground surface, providing little habitat for prairie voles,
which require litter for runways and nests. The limited habitat
probably is the reason for the low spring survey densities of
prairie voles.

Much of the same situation exists at Stations Pr-2 and Pr-3
except here the limited litter accumulation is the result of
former pasturage rather than hay harvesting. In contrast, the
area at Station Pr-4 was apparently unharvested during the
previous growing season. Therefore, the litter layer is fairly
thick, providing ideal nesting and runway habitat for the
prairie vole.

The habitat situation on these same areas during the fall survey
is quite different. Stations Pr-1, Pr-2, and Pr-3 all had been
released from the restrictive ecological pressures previously
imposed by grazing and hay harvesting. Therefore, a rich, thick
mat of lodged grasses and litter had accumulated near the ground
level. The situtaion at Pr-4, however, had not changed because
the process of litter accumulation had occurred at this station
approximately one year previously.

Thus population density increase shown in Table 3.3.2-2 is prob-
ably due to the response of the vole population to a substantial
increase in habitat suitability, in conjunction with a normal
increase due to reproductive activity. Station Pr-4 displays no ;

dramatic population density increase because there was no
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;g significant increase in habitat suitability. The minor density
1 increase noted at Pr-4 is probably due to normal reproductive

activity.

Southern bog leumings were captured during the spring survey only
at Station Pr-4. .ae presence of lemmings is of questionable
ecological s'.gnificance because the Callaway Plant site is
located wit?in the southern distributional limits of the species.
Lemmings nny se locally abundant in some areas but be totally
absent frc.a c thers that appear to provide suitable habitat
conditions Thus, the presence of the species at Station Pr-4
is not part_cularly meaningful. One characteristic feature
of all habitats in which the species occurs is the presence of
a thick mat of vegetation and litter near or at ground level
(Schwartz and Schwartz, 1959).

A summary of standard body measurements made for representative
small mammals captured during the spring sampling period (May
31, 1974 to June 5, 1974) and the fall sampling period (Sep-
tember 18-23, 1974) is presented in Table 3.3.2-3. These data
are matched in the table with the established limits for each
species as published by Hall and Kelson (1959); the measured
values are within the established limits for the species in
every case.

The small mammal snap-trapping program conducted during the

h spring survey provided only limited useful information, because
of the fregaent and heavy rainfall that consistently set off
traps or washed away bait. A single specimen of short-tailed
shrew, white-footed mouse, and prairie vole were prepared,
mounted, and used as an aid in validating field identification.

3.3.2.2 Large Mammals

The roadsi?r counts of eastern cottontail were probably influenced
by ti.e fi- 2nt and heavy rainfall. Unfortunately, the extent
of influence cannot be ascertained. A mean relative abundance
of 8.25 cottontails /13.2 miles during the spring survey was
derived for the census route. It appears that the population
was undergoing a natural seasonal increase; this assumption is
based on the observation that there were two distinct size
classes of young rabbits. At least two litters were assumed to
hace been born during the current breeding season. The relative
abundance of cottontails observed during the fall survey
decreased to a mean of 0.25 rabbits /13.2 miles traveled. It is
believed that this decrease is more apparent than real. Because
the crops in the area had not been harvested, the cottontails
had not been forced to utilize roadside vegetation for cover.

Data obtained by nighttime spotlighting during the spring survey
indicate a mean abundance of 0.25 raccoons /20 miles of travel.
This figure is considerably lower than expected, inasmuch as

@> raccoon tracks were seen in almost every muddy area on the site.
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Interviews with local residents indicated that there is a fairly
large population of raccoons in the area, which substantiates
track observations. However, this is contrary to results
obtained by spotlight survey. During the fall survey, 0.50
raccoons /20 miles of travel were observed. This figure, while
higher than the spring survey, is still lower than expected.

One fox was observed during the course of the spring spotlight
survey. On two other occasions, red foxes were observed in
approximately the same area. No white-tailed deer were
observed during springtime night spotlighting activities;
however, fawns, yearlings, and adult animals were observed
during conduct of the preconstruction monitoring program.
During the fall survey, an average of two white-tailed deer /per
20-mile survey were observed. One opossum and two striped
skunks were also observed.

3.3.2.3 Inventory of observed Species

Mammals observed at or immediate to the Callaway Plant site
are listed in Table 3.3.2-4. Some of these -- the eastern mole
and spotted skunk -- were observed only as road-killed animals.
Others, such as white-tailed deer, fox squirrel, and gray
squirrel were sighted directly. One observed species, the
long-tailed weasel,is listed as a " rare" species by the Missouri
Department of Conservation (Union Electric Ccmpany, 1974).

O

O
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TAELE 3.3.2-2 (continued)

ff TFAIEIE ETATICNS
Fr-1 Ir-2 Pr-3 Pr-4

Epring Fall Sprina Fall Spring Fall Spr2ng Fall

Southern bog lemming + + + + + + 1.17 +

Adul t + + + + + + 1.17 +

Male + + + + + + 0.67 +

renale + + + + + + P +

E ub- Ad ul t + + + + + + + +

Male + + + + + + + +

Female + + + + + + + +

Juvenile + + + + + + + +

Male + + + + + + + +

Female + + + + + + + +

O
Estimates are based on the EM-2 small mammal estimator (Smith and Jorgensen,
1974) utilizing 144 live traps in a 2.98-acre grid for a total of 864 trap nights.

b
+=not observed.

C
T=present, but in insuf ficient numbers for density estimate.

@
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TABLE 3.3.2-3

STANDAED ftASUREMENTS OF SV.ALL .US?ALS CAPTURED ON THE CALIAWAY PIANT SITE ,
CALLAWAY COUNTY, MISSOURI, SPRING AND FALL 1974 -

Sample Size' Field Measurements (mm) Published

Spring Fall Spring Fall Measurements (mm)

Short-tailed shrew 13 7

"ctal length 107.5 2 3.5 105.4 2 12.0 95-134
Tail length 19.8 2 0.5 19.0 1 1.9 17-30

Ear length 3.1 1 0.1 --- ---

Hind foot length 15.1 0.1 13.1 0.7 11.5-17

Least shrew 4 0

Total length 87.5 2 1.3 --- 75-89
Tail length 15.5 2 0.6 --- 12-22

Ear length 2.0 1 0.0 --- ---

Hind foot length 11.9 0.5 --- 9-12

Western harvest mouse 7 8

Total length 129.1 1 2.6 122.6 1 19.2 118-170

Tail length 58.4 1 3.5 59.6 1 9.5 55-96

Ear length 12.2 1 0.3 --- 10-16

Hind foot length 16.1 2 0.8 15.9 1 0.6 14-20

White-footed mouse 4 0 -)
Total length 160.8 1 3.4 --- 156-205

Tail length 66.1 1 1.6 --- 63-97

Ear length 15.3 1 1.7 --- 13-16

Hind foot length 23.3 ! 2.5 --- 19-24

Prairie vole 20 132
Total length 143.6 1 2.9 133.2 2 3.5 130-172
Tail length 30.7 d 1.4 33.6 1 1.1 24-41
Ear length 12.6 1 0.4 --- 11-15
Hind foot length 19.5 2 0.7 18.2 !- 0.2 17-22

Southern bog lemming 3 0

Total length 138.0 116.9 --- 118-154
Tail length 15.7 ! 0.7 --- 13-24

Ear length 12.6 1 1.5 --- 8-14
Hind toot length 20.0 i 1.1 --- 16-24

ameans and confidence limits (p=951).

b
Hall and Kelson (1959).

Cnumbers indicate sample size from which means are derived.

O



TASLE 3.3.2-4

#
/, PHYLOGE!; ETIC

LISTING OF !%MMAL SPECIES OBSERVED CN CR IMMEDIpTE TO
THE CALLAWAY PLANT SITE JURING THE 1973-74 BASEI.INE SURVD ,

THE INITIAL MON"PnRING SURVEY, MAY-JUNE 1974, AND

THE TALL SURVEY , SEPTEMBER 1974,
CALLWAY COUNTY, MISSOURI

FAMILY Baseline Spring Fall
Scientific Name Survey Survey Survey

Common Name 1973-74 May-June, 1974 September, 1974

DIEELPHICAE
Didelphis marsupialis virginiana
Opossum X X X

SCCRICIDAE
Elarina brevicauda carolinensis
Short-tailed shrew X X

Cryptotis parva parva
Least shrew X X

TALPIDAE
Scalopus aquaticus r.iachrinoides

Eastern mole X X

LEPORIDAE
Sylvilagus floridanus alacer
Eastern cottontail X X X

SCIURIDAE
Marmota monax monax

Woodchuck X

Sciurus carolinensis carolinensis
Gray squirrel X X X

Sciurus niger rufiventer
I'ox squirrel X X X

CRICETIDAE
Reithrodontomys megalotis dychei

- -

Western harvest mouse X X

Peromyscus maniculatus gairdii
Deer mouse X

Peromyscus leucopus noveboracens e
White-footed mouse X X

M rotus ochrogaster ochrogaster
Prairie vole X X

Ondatra ribethicus zibethit.us
Muskrat X

Synaptomys cooperi cossii
Southern bog lemming X

@
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TABLE 3.3.2-4 (co nti nu ed )

F7# ILY haseline Spring Fa11
Scienti fic ! Jane survey Survey Survey

Comton 1;ame 1973-74 May-June, 1974 S e pt eni>er , 1974

CA!;IDItE

Canis latrans f_rustror
Coyote X X X

Vulpes fulva
Red fox X

PROCY014IDAE
Procyon lotor hirtus

Eaccoon X X X

MUSTELIDAE
Mustela frenata primulina

Long-tailed weasel X X

Mephitis mephitis avia
Etriped skunk X X X

CERVIDAE
Odecolleus virginiana marcoura
Whit?-tailed deer X X X

O
a Phylogeny and species nomenclature follow Jones, Carter, and Genoways, 1973.
Subspecific nomenclature follows Hall and Kelson, 1959.

bUnion Electric Company, 1974.

O
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3.3.3 AVIFAUNA

Og< As noted previously, avian survey transects were chosen to*

traverse relatively homogeneous habitat within or immediate to
permanent sampling stations established for intensive investigation
of vegetation and small nammal populations. During the course of
avian surveys, it was noted that subtle differences in habitat
along a given transect frequently resulted in an apparent increase
or decrease in the abundance and/or diversity of birds, However,
considering the high degree of mobility and wide variance in
behavior of bird species, exacting species-habitat preferences
cannot be locally established with rnequivocal certainty.

3.3.3.2 Prairie Habitats

The average density of birds observed in three daily surveys of
eacn prairie habitat is shown in Table 3.3.3-1. The der.sities are
variable from one habitat to another. The high standard deviation
shown for Prairie Transects Pr-1 and Pr-3 indicctes there may be
a broad r ange of variability in daily avian densities estimated
from the survey (Table 3.3.3-1).

Some portion of the variability was e nsidered to be weather-
related. Because surveys of a given transect were conducted on
different days, the frequent and irregular occurrence of rainfall
before, during, and after a survey undoubtedly influenced bird

+ activities as well as the investigator's ability to detect and

Of0" recognize birds within the t.ampling area. However, Students "t"
tests (see Table 3. 3. 3-2 ) suggest that there are no significant
differences in the density of avifauna occurring in or otherwise
utilizing the sampled prairie habitats.

The densities of breeding birds associated with the sampled tran-
sects are therefore assumed to be relatively similar.

A tally of all birds recorded during the spring survey along each
transect through the four prairie habitars (Tacle 3.3.3-3) indi-
cates that the bird population at Prairie Transect Pr-2 had highest
diversity (11 species); tnat of Prairie Transect Pr-3 had lowest
diversity (5 species). Table 3.3.3-3 inc3udes species that are
not common nesting inhabitants of prairie or oldfield habitats.
Such species were observed flying over the strip or in nearoy
habitat not representative of the sampled transects. Table 3.3.3-4
includes only those birds common to the site; species uncommon to
the site have been omitted. ln this table, the similarity or
dissimilarity of nesting birds inhabiting the four prairie habitats
is mort apparent. Pr-1 and Pr-2 are most similar, and Transects
Pr-2 and Pr-3 are somewnat similar. Any comparison of Transect
Pr-4 nesting birds with those et other transects shows a i.ow degree
of similarity.

From the standpoint of comparable habitat, Transects Pr-1 and Pr-4
(fescue grasslands) and Transects Pr-2 and Pr-3 (abandoned paseure),

are most similar. Despite some dispa'.ities, the density and di-
versity of birds associated w'.ch Transects Pr-2 and Pr-3 were of
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sufficient similarity to be strongly correlated.

The transects through Prairie Stations Pr-2 and Pr-3 were com-
paratively short (0.18 miles). Howe'er, sit.ilar habitat conditions
were not available nearby to permit increas.ng the length of the
transects. It is likely that if the sampled areas could have been
increased, the estimated nesting bird populations of the two tran-
sects would have shown even greater similarity.

In contrast, although avian density of Transects Pr-1 and Pr-4
appeared to be relacively similar, species diversity in the two
transects was variable. Transects Pr-2 and Pr-3 were surveyed
in sequence, whereas iransects Pr-1 and Pr-4 werc the first and
last, respectively. This may be an important factor in explaining
the difference in nesting species associated with the Pr-1 and
Pr-4 transects.

Data from the fall avian survey are not directly comparable with
the fata from the spring survey because of the differences in
density, diversity, and distribution wrought by the factors such
as migration, effect of weather on cover, and the tendency of
premigratory birds to flock together by species. (Density esti-
mates for each transect are given in Table 3.3.3-1.) With the
breeding season over, many of the birds had dispersed over larger
areas of territory. Also, some of the prairie nesters had already
migrated from the area. Most birds observed on the transects were
seen flying overhead; they were either moving to nearby wooted areas
or migrating south. Meadowlarks were by far the most abundant of -

the birds using the prairie areas for feeding and roosting. These
birds also seemed to be the most abundant in the areas around Pr-2
and Pr-3, which abounded in short grass prei. red by the meadow-
larks.

The only other prairie nesters seen feeding or roosting on the
prairie areas were field sparrows. bobwhite quail, and mourning
dove. These birds were observed feeding either early in the
morning or late in the evening; after being flushed, they moved
to nearby wooded areas.

O t ho hirds seen feeding or landing in the prairie areas were
bluebirds, least flycatchers, and common grackles. These birds
were probacly after seeds produced by the prairie vegetation.
Also seen hunting over the prairie were sparrow hawks and red-
tailed hawks.

3.3. .2 Forest Habitats

The average density of birds observed in three daily surveys of
each forest habitat during the spring study is shown in Table
3.3.3-1. The estimated density of breeding birds is relatively
similar along the transects through Forest Stations F-2, F-3,
and F-4. In contrast, the estimated density of birds associated
with Forest Transect F-i is nearly double that estimated for other ,

forest transects.
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The Students "t" test was ; sed to evaluate differences in the

lE density of birds occurring in the various sampled forest habitats.
Of the six possible comparisons, the test indicated two comparisons"

whereby avian densities were significantli different at a 95
percent confidence limit (Table 3.3.3-2). In both instances,
the avian density at Forest Transect F-1 was significantly dif-
ferent from that of other forest habitats.

The reason for the greater density of birds occurring in Transect
F-1 is not clear. However, a forest area adjacent to the transect
had been recently and selectively harvested. In consequence,
saplings, shrubs, vines, and herbaceous vegetation were responding
vigorously to the increased insolation penetrating openings in
the overhead canopy. It is likely that this change in the environ-
ment following logging activities resulted in a greater variety
and availability of suitable food items; this in turn may have
attracted birds to the harvested and adjacent areas, such as the
F-1 transect.

Common yellowthroats, cardinals, and bluejays were among the species
most commonly observed to be associated with the harvested forest
area. These species were also among the most frequently observed
in surveys of Transect F-1. This situation provides some support
for the assumption that post-logging habitat is attractive to
some bird species, thus effecting an increase in bird density
within the local area. Additionally, Transect F-1 is located
adjacent to a creek where belted kingfisher and Louisiana water.c

& thrush were observed. These species demonstrate a strong prefer-
ence for aquatic habitats, and other surveyed forest transects,
for the most part, lacked suitable aquatic conditions.

Although a tally of all species recorded along trarsects through
the four forest habitats demonstrates a relatively similar total
diversity (Table 3.3.3-3), there is noticeable variability in the
species of birds observed in the various transects. However, if
only the most commonly occurring breeding birds are considered
(Table 3.3.3-4), the species consistently associated with forest
habitats become apparent. The bluejay was present in all four
transects and was usually seen near field-forest boundaries. This
species commonly nests along forest borders where the vegetation
is relatively dense. The cardinal was also a common inhabitant
of the forest habitat; this species will nest wherever shrubby
vegetation exists.

The uncommonly occurring birds, listed in Table 3.3.3-3 bat omitted
from Table 3.3.3-4, include the red-tailed hawk, belted kingfisher,
Louisiana water thrush, common yellowthroat, Baltimore oriole,
indigo bunting, and rufous-sided towhee. The red-tailed hawk was
observed flying above the plant site. The hawk is a forest inhabi-
tant but often feeds on mammals inhabiting open fields. Their
daily range of movement is too extensive to be comparable with
that of song birds observed Juring a walking strip census. The

@' belted kingfisher and Louisiana water thrush were observed only
along a woodland creek, as previously noted. The common yellow-
throat, indigo bunting, ard rufous-sid * towhee prefer shrubby
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surrcundings and were cbserved primarily in forest openings. The
Baltimore oriole commonly nests in tall trees near open glades or -

fields and is not a usual inhabitant of the forest interior.

The uniform and relatively high frequency with which the commonly
occurring nesting species were observed within the four forest
transects (Table 3.3.3-4) is considered to indicate a basic simi-
larity in bird populations in the sampled areas. The general
similarity of habitat conditions in the four transects is also
indicated.

The fall avian densities of the eight transects are presented in
Table 3.3.3-1. The increased variance among plots, compared to
the spring survey, was probably due to the flocking behavior of
premigratory birds. This causes a wide degree of variance between
successive observations; this variance reflected in the generally
wider confidence limits is expressed in the standard deviation
values presented in Table 3.3.3-1.

The forests were the most productive of the two habitat types, in
that birds were actually observed using the plots. Many large
flocks of birds would alight in the trees and somet'mes drop to
the forest floor to feed. Some of the birds observtd doing this
were common grackles and red-winged blackbirds. Many of the forest
nesters had already migrated from the area by the time the fall
survey was taken. Some of the birds that had already emigrated
were the eastern wood pewee, wood thrush, ovenbird, and summer
tanager.

Of the summer resident birds still in the area at the time of the
surveys, one of the most abundant seen in the forest plots was the
red-headed woodpecker. It was found in every forest plot and
can be seen in just about every forest in the area surrounding the
proposed plant site. Other summer residents still present were
the bluejay, cardinal, tufted titmouse, and ccmmon flicker. Many
of these birds also winter in this area and are known to be winter
residents.

On September 28, 1974, two bald eagles were seen circling over
Forest Transect F-4. They were visible for about 4 minutes, then
they separated, one (a juvenile) heading west and one (an adult)
moving back towards the river. They were at a fairly low altitude
when first spotted but moved quickly up and out of sight. Eagles
are known to follow the course of the Missouri River and to winter
along large tributaries, feeding on dead fish. Because the site
is near the river, bald eagles are expected to be seen occasionally
over the site.

Generally, all the forests plots had basically the same species
during the fall survey and relative numbers seemed to be very
close to each other. Many birds were in flocks and did not readily
Jeave the areas. Although large numbers of species were still g
present, with the coming of winter the numbers should drop off W
considerably as more birds migrate south.
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A compilation of the avian diversity observed during the fall
survey within the eight sampling areas is presented in Table
3.3.3-5.

An inventory of the bird species observed during the spring 1974
surveys (spring and f all) is shown in Table 3.3.3-6. A checklist
of species observed in an environmental baseline survey (Union
Electric Company, 1974) conducted in the preceding year (June 1973)
is also included in the table. The list provides some indication
of the annual variability in the species occurring in a given
area. However, some of the variability is undoubtedly due to dif-
ferences in time and effort expended to inventory the local avi-
fauna. This is especially true of the fall survey, where several
new species were added to the list of birds observed (Table 3.3.3-6).
These are species that summer to the north of tne plant site and
winter to the south and were merely observed in passage. Little
significance should be attached to such observations inasmuch

these birds spend only a miniscule amount of time utilizing theas
resources of the plant site.

Overall, a high proportion of the species observed during one
survey were also reported in the other surveys. Only 2 of the 56
species recorded in tae 1973 survey were not identified in one of
the 1974 surveys. The greatest number of species (68) was identi-
fied in the 1974 spring survey; 17 of these species were not re-
corded in the 1973 inventory.

f) On the basis of inventory data, most of the bird species occurring
at the Callaway Plant site in June were classified as summer res-
idents (Union Electric Company, 1974); in contrast, the species
present in the fall survey were a potpourri of winter, summer, and
permanent residents, with a scattered contingent of passage species
in migration. Summer residents migrate to the south during the
fall season, with a few exceptions. In the case of such exceptions,
most individuals migrate south, while a few remain in tne area
during the winter season; these are then considered winter residents.
Approximately one-third of the species inhabiting the plant site
in June were permanent residents. The ratio for permanent versus
other categories is virtually identical for both the 1973 and
spring 1974 inventories.

@
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TABLE 3.3.3-1

ESTIMATED MEIsN AVIIsN DENSITIES (NUMBER /ItCRE ) POR PER'GNENT .

SMPLING STATIONS ON THE CALLAWIsY PLANT SITE,
CALLAWAY COUNTY, MISSOURI,

SPRING ItND FALL 1974

Sampling Spring Fall
Station Mean Standard Mean Standard
Transect Density Deviation Density Deviation

Pr-1 0.58 1.23 1.81 0.46

Pr-2 1.08 0.36 1.09 0.34

Pr-3 1.75 1.45 5.22 6.37

Pr-4 0.46 0.42 5.22 2.42

F-1 0.66 0.16 5.47 6.32

F-2 0.25 0.15 2.95 1.77

F-3 0.38 0.29 1.40 0.75

F-4 0.34 0.20 1.09 0.72

0



TABLE 3.3.3-2

@., COMPARISONS OF MEAN BIRD DENSITY (PE. ACRE) BASED CN OBSERVATIONS
- MADE AT OR IMMEDIIsTE TO PERIGNENT SAMPLING STATIONS

LOCATED IN SIMILAR HABITAT TYPES OF THE CIsLLIElsY
PLANT SITE, CALLAWAY COUNTY, MISSOURI,

EARLY JUNE 1974

Habitat Respective
Types Station Comparisons Mean Densities t-Values #

Prairie Pr-2 versus Pr-3 1.080 - 1.754 1.100
Pr-1 versus Pr-4 0.590 - 1.742 0.230
Pr-1 versus Pr-2 0.580 - 1.080 0.953
Pr-3 versus Pr-4 1.754 - 0.457 2.094
Pr-2 versus Pr-4 1.080 - 0.457 2.753
Pr-1 versus Pr- 3 0.580 - 1.754 1.506

Forest F-1 versus F-2 0.660 - 0.250 4.083*
F-3 versus F-4 0.389 - 0.336 0.352
F-1 versus F-4 0.660 - 0.336 2.980*
F-2 versus F-3 0.250 - 0.389 1.024

fff F-1 versus F-3 0.660 - 0.389 1.971
F-2 versus F-4 0.250 - 0.336 0.818

" Students "t" test at the 951 confidence limit (P=.05(4)=2.776)
*
Significant at the 95% confidence limit. Values not marked or
not statistically significant at ==.05
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TABLE 3.3.3-4

AVIAN DIVERSITY OF COMMONLY NESTING BIRDS BASED ON THE MAXIMUM
SPECIES OBSERVED IN ANY ONE DAY SURVEY OF TRANSECTS THAT

TRIsVERSE EIGHT PER!GNENT SAMPLING STATIONS LOCATED
WITHIN THE CALL 7 SWAY PLANT SITE, CALLAWAY COUNTY,

MISSOURI, EARLY JUNE 1974

Prairie Transects
Species Observed Pr-1 Pr-2 Pr-3 Pr-4

Dickcissel 1 2 + +

Eastern kingbird + + + 1

Eastern meadowlark 9 1 5 4

Field sparrow 1 1 + 2

Grasshopper sparrow + 1 2 +

Red-winged blackbird 5 1 3 +

Total Species (Dive rs 2.ty ) 4 5 3 3

9
Forest Transects

Species Observed F-1 F-2 F-3 F-4

Bluejay 3 3 3 1

Cardinal 4 2 + 1

Common flicker 1 1 + 1

Eastern wcad pewee + + 2 1

Ovenbird 2 + + 1

Summer tanager 2 + 1 3

Tufted titmouse + 1 2 1

White-breasted nuthatch 1 2 2 +

Whip-poor-will + + 1 1

Wood thrush + 1 1 +

Total Species (Diversity 6 6 7 8

" Indicates the number of individuals sighted for each species
observed.

Not observed.
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TABLE 3.3.3-5

AVIAN DIVERSITY FOR TIIE EIGIIT PERMANENT SAMPLING STATIONS,
CALLAWAY PLANT SITE, CALLAWAY COUNTY, MISSOURI, FALL 1974

Forest Transects Prairie Transects
Species F-1 F-2 F-3 F-4 Pr-1 Pr-2 Pr-3 Pr-4

Bald eagle + + + 2F + A + +
Barred owl 1 + + + + + + +
Bluebird + 1 + + + 6 + +
Bluejay 6 21I 7 5 4H 5 + 10F + 7F
Bobwhite quail + + + + + + 12 +
Common crow 5H + 1 2 11 + 3F 2 11 +
Common grackle 9F + 30F 67F 84F + + +
Common nighthawk + + + + 3F + + +
Cowbird + + + + + 3F + +
Eastern meadowlark + + + + 3 6 17H 6 2
Eastern phoebe + + + 1 + + + +
Field sparrow + + + + 2 1 + +
Great horned owl + 1 + + lH 3H lH +
Hairy woodpecker + 1 + 1 + + 1F +
Hooded warbler + + 1 + + + + +
Least flycatcher + + + + + + 1 1
Mourning dove + 2 + + 1F 2F + +
Pileated woodpecker 1 + 1 lH + 1F + + +
Red-bellied woodpecker 1 + 1 lli + + + +
Red-headed woodpecker 6 6 2H 5 2 lH 1F 2H 1F
Red-tailed hawk + 1 + + 1F + + 1F
Red-winged blackbird + + + + 10F + + +
Robin 2 + 1 1 1H 4F 3F + 2F
Starling + + 50F 17 8F 6F 2F 6F
Sparrow hawk + + + 1 + 1F + 1F
Yellow-billed cuckoo + + 2 + + + + +
Yellow-shafted flicker 2 + 1 + + IF +'

TOTAL 35 21 103 101 119 G3 27 21

F = birds seen flying over the plot.
H = birds heard on or adjacent to the plot.



TABLE 3.3.3-6

CllECKLIST OF BIRD SPECIES OBSERVED DURItiG THE EtJVIROf1MEtITAL BASELItJE IriVEtJTORY (JUf;E 1973),

TIIE SPRItJG MOtJITORIt3G SURVEY (JUtJE 1974),A!ID THE FALL MO!11 TORI!1G SURVEY
(SEPTEMBER 1974 ), CALIAWAY PLAtJT SITE, CALLAWAY COUt1TY, MISSOURI

Spring Fall
Baseline tioni to r ing tio n ito ring

Common IJame Scientific flame Inventory Survey Survey

Acadian flycatcher Empidonax virescens x - -

American goldfinch Spinus trictus x x x
Bald eagle Haliaetus leucocephalus - - x

Baltimore oriole Icterus galbula x x -

Barn swallow Hirundo rustica x x -

Barred owl Strix varia - - x
Belted kingfisher Megaceryle alcyon x x -

Bewick's wren Thryomanes bewickii - x -

Black-billed cuckoo Coccyzus erythropthalmus x - -

Black-capped chickadee Parus atricapillus x x -

Blue-gray gnatcatcher Polioptila ca e ru } e_a - x -

Blue grosbeak Guiraca caerula - x -

Bluejay Cyanocitta cristata x x x

Bobwhite Colinus virginianus x x x
Brown creeper Certhia familiaris - - x
Brown-headed cowbird Molothrus ater x x x
Brown thrasher Toxostoma rufum x x x

Cardinal Richmondena cardinalis x x x

Carolina wren Thryothorus ludovicianus - x -

Catbird Dumetella carolinesis x x -

Chimney swift Chaetura pelagica x x -

Chipping sparrow h>izella passerina x x x

Common crow Corvus brachyrynchos x x x

Common flicker Colapias auratus x x x
Common grackle Cuiscalus_ quiscula x x x
Common nighthawk Chordeily minor x x x

Dickcissel Spiza americana x x -

Downy woodpecker Dendrocopas 13tbescens - x x

Eastern bluebird Sialia sialis x x x

Sheet 1
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TABLE 3.3.3-6 (continued)

Spring Fall

Baseline Monitoring Monitoring

Common Namy Scientific Name Inventory Survey Survey

Eastern kingbird Tyrannus tyrannus x x x
Eastern meadowlark Sturnella magna x x x
Eastern phoebe Sayornis phoebe - x x

Eastern wood pewee Contopus virens x x -

Field sparrow Spizella pusilla x x x
Grasshopper sparrow Amn>d ramu s savannarum x x -

Great blue heron Ardea herodias - - x
Great crested flycatcher Myiarchus crinitus x x -

Great horned owl Dubo virginianus x - x

Green heron nutorides virescens x x -

Ilooded warbler Wilsonia citrina - - x
IIorned lark Eremophila alpestris x x -

llouse sparrow Passer domesticus x x -

llouse wren Troglodytes aedon x y -

Indigo bunting Passerina cyanea x x -

Killdeer Charadrius vociferus - x x
Lark sparrow Chandestes grammacus - x -

Least flycatcher Empidonax minimus - - x

Inggerhead shrike La nius ludovicianus x x -

Louisiana waterthrush seiurus motacilla - x -

Mallard Anas platyrhynchos - - x

Marsh hawk circus cyaneus - x x
Mockingbird Mimus polyglottos x x x

Mourning dove Zenaidura macroura x x x
Orchard oriole Icterus spurius - x -

Pied-billed grebe Podilymbus podiceps - - x

Fileated woodpecker D_rtcocopus pileatus x - x
Purple martin Progne subis - x -

hed-bellied woodpecker Centurus carolinus x x x
Red-eyed vireo Vireo olivaceus x x -

Red-headed woodpecker Melanerpes erythrocephalus x x x
Red-tailed hawk Ruteo jama icens is x x x
Red-winged blackbird Agelaius i oeniceus - x xi

Sheet 2



TABLE 3.3.3-6 (continued)

Spring I'a ll

Baseline Monitoring Mon i to ri ng
Common Name Scientific hame Inventory Survey Survey _

Robin Turdus migratorius x x x
Rock dove Columba livia x x -

Ruby-crowned kinglet Pegulus calendula - - x
Ruby-throated hummingbird Archilochus colubris x x -

Rufous-sided towhee Pipilo erythrophthalmus x x -

Song sparrow Melospira melodia x x x

Sparrow hawk Falco sparverius x x x
Starling Sturnus vulgaris x x x
Summer tanager Piranga rubra x x -

Tree sparrow Spizella arborea - - x
Tufted titmouse Parus bicolor x x x
Turkey vulture Cathartes aura x x x
Vesper spartow Poecetes gramineus - - x
Whip-poor-will Caprimulgus vociferus x x -

White-breasted nuthatch sitta carolinensis - x x
White-eyed vireo Vireo griseus - x -

White-throated sparrow Zonotrichia albicol1is - - x
Wood duck Aix sponsa - x -

Wood thrush Hylocichla mustelina x x -

Yellow-billed cuckoo Coccyzus americanus x x x
Yellow-breasted chat Icteria virens x x -

Yellowthroat Geothlypis trichas x x -

Sheet 3
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3.3.4 AMPHIBIANS AND REPTILES

f Six species of amphibians and 13 species of reptiles were
observed in the enviror.s of the Callaway Plant site during
the spring 1974 survey. The fall survey resulted in the
collection of 21 species of herpetofauna (154 specimens) and
the marking and release at their point of capture of 142
animals.

3.3.4.1 Amphibians

The several habitat types on the Callaway Plant site are
attractive to a wide variety of amphibians, judged by their
presence on the site during the spring and fall surveys.

Most amphibians pass through several stages of development from
the egg to the adult. Water is a requirement for breeding and
egg development for most amphibians, although some frogs and
toads seek terrestrial environs in an immature or adult form
and return to aquatic habitats only to breed. Numerous farm
ponds, creeks, and ditches on the plant site serve as amphibian
breeding areas. Prog tadpoles and young toads were observed
during the survey, indicating completion of the reproductive
process before the survey had commenced. Numerical estirates
of immature amphibians were not attempted.

The species composition (Table 3.3.4-1) of amphibians reported
in the fall is quite different frcm that reported for the

' spring survey. Three species collected during the fall survey
were not reported during the spring survey. A good portion of
this variability between sampling periods is due to the
secretive nature of amphibians. Undoubtedly, numerous other
species could be found with greater expenditures of time and
energy. Every pcnd checked during the fall survey contained
bullfrogs, northern cricket frogs, larval bullfrogs, and most
also contained larval leopard frogs.

Seining of fishless ponds in the fall revealed several good
populations of newts (both adults and efts) not discovered
during the spring sample. Fifty-three adults were marked in
one pond. It is likely that certain species of salamanders
also use these ponds for breeding sites during early spring,
although this has not been documented by field surveys.

Adult bullfrogs, green frogs, and leopard frogs are common
inhabitants of permanent water bodies. The American toad,
Fowler's toad, gray treefrog, spring peeper, and northern
cricket frog require water for breeding and post-hatching
development but seek terrestrial environments while relatively
immature. The treefrog remains near water, but specias of
both frogs and toads may travel far from aquatic habitats.
Adult bullfrogs were the nost commcnly occurring amphibian
observed during the spring survey (Table 3.3.4-1), while9 newts were the most common during the fall survey. Every pond
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inspected on the plant site had good populations of bulltrogs
(both adult and larval forms), indicating the species is doing
well and represents a possibility for limited sport hunting in
the future.

Northern cricket frogs and leopard frogs are also present in
most plant site ponds but are not as restricted to water as
bu11 frogs; they are also encountered in moist woodland situations
away from the ponds. Leopard frogs were frequently seen crossing
roads at night when the relative humidity was high.

In addition to being difficult to census, amphibian populations
are highly sensitive to short-term fluctuations in environmental
conditions. Therefore, amphibians probably should not be used as
" indicator species" detecting change by annual monitoring programs.
However, their role or function in the total ecology of the site
canr.ot be overlooked.

No rare or endangered amphibians were observed during the conduct
of the field survey (s) .

3.3.4.2 Reptiles

The numbers of each reptile species and the habitat types in which
they were ooserved on the site are presented in Table 3.3.4-1.
The prairies, forests, wetlands, ponds, streams, hedgerows, and
variety of ecotones between communities provide reptiles with a
variety of habitats within a predominantly agricultural area.

The three-toed box turtle was the most common reptile observed
throughout the site during the spring survey (Table 3. 3. 4-1) .
It is adapted to an omnivorous diet of plant and some animal
material and is not restricted to special habitat locations as are
many of the other reptiles recorded during the study. Only 2
three-toed turtles were collected in the fall survey. Their major
period of activity is late spring, which explains the large number
collected in the spring survey. This species is not a good indica-
tor, as it is likely to be found in woods, prairie, and cropland.

Many, if not most, lizards and snakes are most abundant in an
ecotone habitat (Table 3.3.4-1). As a result, field-forest edges,
old roads, and abandoned barns and houses (where litter is plenti-
ful) are the best places to look for these species. At least
two-thirds of the lizards and snakes captured in the fall survey
were found in these habitats. Populations of lizards and snakes
can be expected to increase at the plant site as the farm houses
are abandoned; however, the ucrease will probably be temporary.
As the area reverts to forest, the populatitns of many of the
species should decline. Exceptions would be eastern ring-necked
snake, ground skink, and five-lined skink, which do well in forest
habitats.

hThe similarities or disparities in habitats of the permanent
sampling stations cannot be meaningfully compared on the basis of
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herpetofauna1 abundance and diversity because too few individuals
. were observed (Table 3.3.4-2). The ground skink and the three-

toed box turtle were rather uniformly observed at forest sampling'

stations. However, both of these species may occur in prairie
habitats. The ground skink is difficult to capture for marking;
thus, in some instances, the same individual may have been observed
on more than one occasion but recorded as a new sighting.

Table 3.3.4-3 shows the results of an extensive marking program
initiated during the fall 1974 field survey. As recaptures of
marked individuals are rade during subsequent field surveys, a
more quantitative review of the ecological role played by each
species can then be made.

No rare or endangered reptiles were observed at the plant site
during the spring survey.

Previous remarks made about the utility of amphibians for char-
actericing the local wildlife populations and their significance
to annual monitoring program objectives are also applicable to
reptiles.

9

@
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3.3.5 INVERTEBRATES

The invertebrates obtained in the field marveys are those nor-
mally inhabiting the various vegetative strata of the Callaway
Plant site in late lay and June (spring survey) and late August
and September (f all survey) .

The taxonomic identifications of invertebrates collected in both
1974 surveys are shown in Tables 3.3.5-1 and 3.3.5-2. The pres-
ence and number of specimens collected are indicated according to
major habitat types (forest or prairie), permanent sampling
staticn (F-1, F-4, etc.), and transect number within each station
at which a given species was collected.

The preliminary nature of the spring survey precluded making
other than very general observations. There was no obvious dif-
ference in the species diversity noc numbers of individual inver-
tebrates collected in prairie as opposed to forest habitats. How-
ever, a relatively high proportion of the species are apparently
associated with only one of the major habitat types; i.e., some
species occur only in prairie while others occur only in forest
habitats (Table 3.3.5-1). The data indicate that only the thrips
occur in both forest and prairie habitats at extremely high
densities. The identified families, genera, and species are con-
sidered rather numerous, whereas the number of individuals per
taxonomic group is relatively few. However, such judgment is
highly subjective because a basis for comparison is lacking. There9' is no known source of base information documenting the diversity
and relative abundance of invertebrates in the vicinity of the
Callaway Plant site.

The kinds of data reported in Table 3.3.5-2 are typical of those
expected from this method of survey. The Insecta represents the
largest number of species of any group of organisms. Certain
problems are encountered in the identification of certain insects
to the species level, resulting in the placement of many specimens
only at a higher category such as Family.

The fall survey of invertebrates was dominated by arthropods,
especially insects, in the sweeping samples, as was the case in
the spring survey. The sweeping method is in fact biased toward
collecting these organisms as opposed to other terrestrial
invertebrates occupying select habitats or niches other than the
exposed surfaces of the vegetative stratum. This bias is
inescapable, however, when time and monetary constraints are
imposed.

Arthropoda are largely habitat-specific, and this is reflected in
the data presented in Tables 3. 3. 5-1 and 3.3.5-2. A number of
trophic levels are represented among the invertebrates sampled.
Many species of plant-feeding insects are relatively host-
specific, and therefore their relative numbers (by sample) may be

@ a reflection of the density of the host. Others are polyphagous,
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and some are predaceous on small invertebrates; still others feed
on dead or decaying organic matter. Insects in particular are
subject to dispersal, both vertical and horizontal, having no
difficulty in flying fron one site to another over the whole of
the area of southern Callaway County, or moving from the ground
litter up onto the higher stratum of a plant within a given habi-
tat. Adverse weather conditions prior to or during the collection
periods can affect the organisms, reducing the number collected by
sweeping. These factors further complicate an analysis of the
interrelationships within a given habitat, prairie or forest, and
need to ba kept in mind both now and in the future when one ex-
amines and interprets the data presented in Tables 3.3.5-1 and
3.3.5-2

The majority of species collected tended to reflect their affin-
ities to either the forest or prairie habitats. For example,
species of the planthopper genus Myndus (Homoptera: Cixiidae), and
leafhoppers in Erythroneura (Homoptera: Cicadellidae) were well
represented in both forest habitats (F-1 and F-4 ) but were not
collected from the prairie sites; the spider Oxyopes salticus
(Araneidae: Oxyopidae) was exclusive to the prairie communities.
Likewise, some species were collected from one of the paired
habitats, but not both. Such was the case of Arthrolips decolor
(Coleoptera: Orthoperidae), which was collected from Pr-4 but not
the Pr-1 prairie site. This might reflect the different stages of
succession of the two prairie habitats.

Many species were collected in relatively low numbers. This could
.

result from a number of factors, including low population levels
of the species, aggregations of individuals of a species within
the habitat (more easily missed in a given sweep), selectivity
in the collection methods used for certain species versus others,
adverse microhabitat conditions, weather conditions such as wind,
and so forth.

Many more species, organisms, and taxa were collected in the fall
survey (ca. 9,500 specimens) than in the spring survey (ca. 2,50 0
specimens) (Table 3. 3. 5-3) , This is probably due in part to the
seasonal buildup of populations. It may also be partially due
to different personnel taking the Juna samples and the fall
sanples.
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TABLE 3.3.5-3

@'+''/ ' COMPARISON OF INVERTEBRATE SPECIMENS COLLECTED BY
'

PERMANENT STUDY PLOT AND TRANSECT DURING
THE SPRING AND FALL SAMPLING PERIOD,
1974 ON THF CALLAWAY PLANT SITE,

CALLAWAY COUNTY, MISSOURI

Spring
Transect F-1 F-4 Pr-1 Pr-4

1 143 130 319 539

2 326 92 485 41

3 149 54 115 126

Total 618 276 919 706

Grand Total 2519

@'
Fall

Transect F-1 F-4 Pr-1 Pr-4

1 436 355 1677 934

2 535 392 974 796

3 490 336 1899 751

Total 1461 1083 4550 2481

Grand Total 9575

@



3.4 ECOLOGICAL SUMMARY

The following paragraphs and illustrations describe, in a
general way, functional relationships and structural conponents
af the regional ecosystem within Callaway County, Missouri.
Figure 3.4-1 is a diagrammatic representation of the major
ecological associations of the Callaway Plant site. Figure
3.4-2 shows diagrammatically the various trophic levels, their
relative contribution to the total biomass of the system, and
natural and man-made stresses.

Soil inherently produces and concomitantly is subject to
diverse influences, biotic as well as abiotic in nature.
Natural soils serve as the starting point in the process of
developing the carrying capacity of land for plant and animal
communities (Figures 3.4-1 and 3.4-2) . Natural soils, includ-
ing the Goss soil of steep timbered hills and Menfro soils on
hills bordering the floodplain in the site area, serve as a
foundation upon which the " pyramid of biomass" is based. These
soils (Goss and Menfro) have not been significantly altered by
man. (Soil is ultimately a storehouse for the raw materials
required by plants [the primary producers) for development and
growth). The distinction is made between natural and agricul-
tural soils subject to the influence of man. This distinction
is further based on use, form, and composition, which addi-9 tionally separate natural and agricultural soils.

Agricultural soils, including the Mexico-Putnam soils of the
site area, start out initially as natural soils but subsequen-
tly are somewhat altered. The farmer alters the soil, such as
at the Callaway Plant site, by first clearing the land, plowing
the soil, and then cultivating for production of a standing
crop. Additionally, to further assist in optimizing production
from the soil, he utilizes fertilizers, pesticides, herbicides
and other chemicals to enhance production and limit or elimin-
ate waste. Productive agricultural land in some respects is
"short-circuited" successionally, in that the normal organic
cycle must be continually supplemented to maintain a high soil
fertility, the prerequisite for successful agricultural devel-
opment. Cultivation physically increases soil aeration and
allows for some organic additions at a more rapid rate; however,
it also causes greater moisture evaporation by exposing a
greater proportion of the soil surface to the air. Surface
water runoff from agricultural soils may be made up of consi-
derable quantities of soluble and suspended material including
organic material, fertilizers, silt and residues from herbi-
cides and pesticides. These materials can enter adjacent water-
ways and have a pronounced influence on the aquatic ecosystem.

Litter, another element of the ecosystem, consists fundamentally

@ of organic components, namely leaves and other vegetative plant
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parts shed throughout a growing season. These organic addi-
tions to the litter layer provide food to decomposers and ..

microorganisms in addition to insects that inhabit the litter -

mat of various vegetative cover types. Litter generally is
composed of two main forms: first, organic litter consisting
of twigs, leaf debris, mulches, duff, and brush, or the unde-
composed component of the biotic community. The second major
component of litter is humus--litter that has undergone and
is undergoing aerobic and anerobic decomposition into organic
and inorganic components.

Litter provides input to the soil by adding humus content to
the upper horizons of the soil profile (Figure 3.4-2). This
addition aids in building the soil profile while helping to
increase the capability of the soil to retain moisture neces-
sary for plant growth. Plant roots, stems, bacteria, fungi,
and small animals residing in the soil or litter mat provide
both physical and chemical additions to the substrate that
enhance the soil characteristics.

At the elemental level, litter is a storage point in the nitro-
gen, phosphorus, and sulfur cycles. Carbohydrates, as well
as ligins, proteins, and amino acids present in the litter layer
are food for the microorganisms, which are important in cycling
nutrients into the inorganic forms required for plant growth
and development.

The green plant (Figure 3.4-2), in all its diverse shapes,
sizes,and locations, forms the basic source of energy upon
which all elements of the ecosystem are totally dependent. The
reason for this total reliance on the plant is due to the unique
ability of green plants to convert solar energy and chemicals
through the photosynthetic process into an organic form which
is usable by other organisms. As a result, the green plant, the
primary producer in the ecological community, functions as the
foundation of the food web.

Vegetation of the field and forest, serving cs the basis of the
ecosystem, receives its energy inputs from the sun, water, min-
erals, and the atmosphere. Sunlight, as previeusly mentioned,
provides the energy necessary for photosynthesia. Water is an
important requirement of plants for physical suppcrt metabolism
and assists in transporting gases and chemicals throughout the
plant. Minerals are required by plants to provide the basic
units and cellular materials necessary for normal growth, flow-
ering, and reproduction. Atmospheric gases, in particular
carbon dioxide and oxygen, are required by the individual plant
to permit photosynthesis and respiration to occur. These pri-
mary inputs supply vegetation w.ith the materials necessary for
survival and development.

Plants,in their unique position, supply energy in several forms
to the primary consumers of the biota. Basically, the energy ',

from plants is in the form of forage materials from the site
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area, such as acorn, hackberry, greenbriar, smooth sumac,
juniper berries, maple seed, persimmon, blackberry, straw-.

rd berry, black walnut, and wild grape, plus a variety of grains
and succulent shrubs, which supply vitamins, starches, sugars,
and other compounds necessary for the life of birds and anim-
als (herbivores). In oldfields and transition areas in
particular, the forage value of the vegetation is very high,
owing to the prevalence of grasses and shrub species used
by herbivores including several bird species, rabbits, white-
tailed deer, fox, and gray squirrels (Figure 3.4-1).

In addition to providing forage, vegetation also provides cover
and concealment for wildlife utilizing the various habitats.
Cover is an important factor in controlling the rate of pre-
dation occurring in wildlife populations. The vegetation of
the site area consists of a diverse flora including forest
associations such as oak, oak-hickory, oak-maple, and b1cak
walnut-red cedar. Field associations of the site include
pasture and oldfield (prairie). Hardwood forests within the
site area in addition to dense shrub thickets afford excellent
cover and concealment to a broad spectrum of wildlife species
(Figure 3.4-1).

Invertebrates are the most abundant of the faunal forms found
in the Callaway Plant site area. The multifarious insect
species are the most inportant of the invertebrate f auna, and
this position is reinforced by their sheer numbers both in

@y species and individuals. Insects represent every conceivable
trophic level from primary consumers such as aphids, to facul-
tative parasites such as wood ticks, to tertiary carnivores
such as assasin bugs. There are fructivorous insects, grani-
vorous insects, herbivorous insects, parasitic insects, detri-
tivorous insects, carnivorous insects --every available plant
and animal species is either preyed upon or parasitized by
insects. The diets of a good many of the higher animals are
based, at least in part, upon the availability of insects as
food. The invertebrates, especially the insects, are an in-
tegral, essential, and omnipresent component of every terres-
trial ecosystem on earth.

Most of the smaller herptiles of the Callaway Plant site are
predaceous upon insects. Species such as the ground skink,
five-lined skink, and the eastern fence lizard live in the
forested areas or edges and feed exclusively upon the insects
there. Many of the more grassy areas are inhabited by various
species of snakes, which prey upon a variety of species. The
hoq-nosed snake feeds almost exclusively upon toads, while gar-
ter snakes and rat snakes eat small mammals, lizards, skinks,
baby birds - almost anything available. The three-toed box
turtle is more omnivorous in its habits, eating vegetation and
occasional insects. The frogs and toads are largely insectiv-
orous, though the larger species such as the bullfrog may
prey upon prairie voles and garter snakes.
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The herptiles are in turn prey for a number of larger species
such as hawks, crows, owls, weasels, and even hogs.

In a natural system, the wild animals are the principal users for consumers of the available botanical corponent of the
habitat (Figure 3.4-2). This utilization may be direct, as
in the case of a white-tailed deer browsing on smooth sumac
leaves, or perhaps indirect, as in the case of a prairie vole
building a runway from lodged fescue stems and accumulated
leaf litter. In any case, the key concept is utilization of
available resources and this takes on myriad forms throughout
zoological components of the ecosystem. Resource utilization
is not, however, a one-way operation, for many of the compon-
ents are recycled within the system and again become available
for use by the plants, i.e., the smooth sumac eaten by the deer
is converted within the system and again becomes available for
use by the plants; the fescue stems and leaf litter decay in
time and their elemental components enrich the soil and,
in turn, provide essential nutrients for plant growth; the same
recycling occurs when an animal dies and the components of its
body decay and eventually are recycled and reused.

The birds of the Callaway Plant site are a very diverse lot,
changing their food habits and habitats with the season (Figure
3.4-1,. During the nesting season in the spring, various vege-
tative components of the ecosystem are incorporated into the
nesting territory and are fiercely defended by the males,
while during the fall, a wide range of habitat type may be
frequented. Many birds are granivorous and thus their terri-
tories include areas where weeds grow and seeds are abundant.
Others are largely insectivorous and their territories are
chosen by those areas, primarily grasslands, where insects are
abundant. Predatory birds are more wide-ranging, since they
prey upon a wider variety of animals. Small raptors such as
the sparrow hawk feed primarily upon large insects such as
grasshoppers. Larger raptors such as the great horned owl
are nocturnal and feed upon species such as nice, voles, and
rabbits, which are active at night. Other birds, such as
bob-white quail, are omnivorous, feeding alternatively upon
seeds, leaves, flowers, insects, spiders, and other materials
found along the ground.

Birds are also preyed upon by a variety of predators. Some
larger hawks prey upon mourning do es and cuail, while many
nests are raided by arboreal snakes, specifically the gopher
snake and the rat snake.

Birds occupy various zones within a habitat--some preferring
the ground surface, others, tall weedy vegetation. Still others
occupy the various strata within the forest canopy (Figure 3.4-1).

Birds are very important in the dispersal of vegetative seeds,
especially weed seeds. This is important in the natural succes-
sion of vegetative communities.

@
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Mammals of the Callaway Plant site are easier to categorize
than most other fauna of the area due to their limited numbers
and their position in the trophic web (Figures 3.4-1 and 3.4-2).

Shrews are almost exclusively insectivores, although the short-
tailed shrew does prey upon the young of mice and of ground-
nesting birds. Most rodents are herbivorous, with an occasional
insect in their diet. Harvest mice and white-footed mice are
granivorous, while the prairie vole and the southern bog 'emming
cut grass stems to make small " haystacks." Cottontail rabs.ts
also consume a variety of herbaceous plant parts.

The opossum is an omnivore as is the raccoon, but their tastes
are such that there is little, if any, competition between them.
Carnivorous mammals include the red fox, the coyote, and the
long-tailed weasel.

The only really large wild mammal on the site is the white-
tailed deer, which is a browser, eating the succulent leaves,
stems, and buds of woody plants and forbs.

Small mammals are preyed upon by snakes, bullfrogs, hawks, owls,
weasels, foxes, and coyotes; while larger mammals are preyed
upon by large hawks, foxes, coyotes, and other top carnivores.
Most of the top carnivores are preyed upon only by man.

9

@

-95-



t

s

b

Y'fd5kR?Nf ?% TO W.)>* t ' .o y

c o l l'54 N F R 0! ! i i ''+ . i i MENF R0; illil|||['O/// ///// //'' ME X I CO-PUTN AM (SHALLOW) &

f"'# " " ' " siscx nAtNuT-RED CE~D A R , ;

VEGETATION

BLACK WALNUT GLOBOSE CYPERUS ELM-LEAF GOL
RED CEDAR REED FESCUE CANADA GOLDEt
HONEY LOCUST MEADOW-FESCUE WHITE CLOVER
AMERICAN ELM RED CLOVER RED CLOVER-

SHEEP SORREL - HORSE NETTLE
YELLOW FOXTAll

HERPET0 FAUNA

WORM SNAKE COPPERHEAD COPPERHEAD

FIVE-LINED SKf NK LEOPARD FROG LEOPARD FROG
THREE-TOED BOX TURTLE THREE-TOED BOX TURTLE THREE-TOED B

GARTER SNAKE

AVlFAUNA

CARDINAL D IC KC I SSEL DICKCISSEL
DI C KC I SSEL SPARROWS SPARROWS
WARBLERS FLYCATCHERS FLYCATCHERS

FLYCATCHERS BLACKBIRDS BLACKBIRDS
BLACKBIRDS STARLINGS STARLINGS
SPARROW HAWK GRACKLES GRACKLES

QUAll QUAll QUAll
MOURNING DOVE MOURNING DOVE MOUPsNING DOV

MAMMALS

OPOSSUM OPOSSUM OPOSSUM
RACCOON RACCOON RACCOON
WHITE-TAILED DEER WHITE-TAILED DEER WHITE-TAILED
PRAIRIE VOLE PRAIRIE VOLE PRAIRIE VOLE
STRIPED SKUNK STRIPED SKUNK STRIPED SKUN
LONG-TAILED WEASEL RED FOX RED FOX
RED FOX. C0YOTE ~C0YOTE,
C0Y0TE COTTONTAll RABBIT- COTTONTAIL R

; COTTONTAIL RABBIT ' SOUTHERN BOG LEMMING. SOUTHERN BOG



,

W

a e d [k a' p %g ; c %* g h , b M M'u iga p %rw*
LL , :[ [, , g yg y'(c'q'''pf(ju|,9'/,.|,};;f ['kh '

, 3
+ W3,n mdNpf$ *NT1 TN . [ # 4#

-

j MGO 5 5. ;f
,i////i K -- --goss ~ - - ^ *

,

SiufE' .
car w:Cropt =.

; C A K- WA PL[
~

;

NROD RED OAK WHITE DAK WHITE OAK
OD SUGAR MAPLE RED CAK POST OAK

WHITE OAK BLI,CK OAK ELACk OAK
PIGNUT HICKORY BUR OAK RED CAK
WHITE ASH SHAGBARK HICKORY WHITE ASH

BITTERNUT HICKORY SUGAR MAPLE

HOP ~-110RN bE AM SHAGBARK HICKORY

AMERICAN T0AD
FIVE-LINED SKINK

TURTLE BLACK P,AT SNAKE

THREE-TOED BOX TURTLE
HOG-NOSED SNAKE

CARDINAL
RED-HEADED WOODPECKER
HAIRY WOODPECKER
DOWNY WOODPECKER
CROWS
BARRED DWL
GREAT HORNED OWL

OPOSSUM
P.ACC00N

>EER WHITE-TAILED DEER UNION ELECTRIC CO.
SHORT-TAILED SHREW CALL AWAY PL ANT
STRIPED SKUNis
GRAY SQUIRREL UNITS 1&2
FOX SQUIRREL

B1T RED FOX MAJOR

EMMING C0YOTE ECOLOGICAL
COTTONTAll RABBIT ASSOCIATIONS <

Figure 3. 4 -1



@

R

%,
h g (, g

gf MAN

hx/ MAMMALS

w AVIFAUNA
$

HERPETOFAUNA

E / INSECTS \

\;;j [ GREEN PLANTS

\[ LITTER

52 SOIL
E
O

?

| 9 |
2 2

m TOTAL BIOMASS &

UNION ELECTRIC CO.
CALLAWAY PLANT

UNITS 1&2g
PYRAMID OF BIOMASS

Figure 3.4-2
_



3.5 CONCLUSIONS AND RECOMMENDATIONS

@-
The results of the preconstruction monitoring program substantiate
the conclusions reached after the baseline inventory regarding
anticipated environmental impact from plant construction and
operation. To reiterate, the ecology of the Callaway Plant site
is not unique, and its particular ecological balance reoccurs
many times throughout central and eastern Missouri. Intensive
farming has produced favorable habitat for wildlife populations,
but these conditions can be found in areas adjacent to the site.
Since construction of the facility will remove only a small por-
tion of the total acreage from production and since the ecology
of the Callaway County Plant site is not unique, no significant
impact from plant construction on the resident wildlife population
is anticipated.

Rare and endangered or extremely important economic species
occurring near or on the site will be affected little by develop-
ment of the facility. The turkey, white-tailed deer, and ruffed
grouse require forested habitats broken by small fields or open-
ings and a relatively large home range. Only a few acres of
forest will be disrupted during construction, and the access road,
pipelines, and railroad spur should not affect movement of these
species. Other species, such as the bald eagle, are extremely
mobile and are not expected to be found near or on the site very
often.

@ As a result of the first year's surveys, some recommendations can
be made to improve the program, especially with regard to the
invertebrates.

A voluminous amount of materia; was collected by sweeping, far
too much to analyze critically. Also, large numbers of species
cannet be dealt with taxonomically and must be identified only
to a higher level. This is due to the lack of adequate keys
and/or correctly determined collections of certain taxa (and
accessibility to them), and to the inadequate knowledge of certain
groups possessed by any identifier.

Even with the large amount of material collected, the methods
survey of only a component of the terrestrialprovide at best a

invertebrates. This is not necessarily a shortcoming, but
rather a reality. Spring and fall season comparisons are not
expected to be completely alike either in species composition or
abundance. Thus a certain taxa from the total survey should be
selected for comparison. These should be invertebrates that
provide the best chance of being identified to the genus and/or
species level, or in selected cases, order or family. The
chosen higher taxa (genus, family) should, within the taxon,
reflect a relatively homogeneous trophic level and not have
species representing two or more trophic levels. As a group,
the spiders should prove to be a useful monitoring barometer.
They occur in large enough numbers to be meaningful, are all
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predators, are generally habitat specific, and as adults are
identifiable to some meaningful level, genus, or species. The
Hemiptera and Auchenorrhynchous Homoptera are generally plant
feeders whose species such plant juices via piercing-sucking
mouthparts. There is a distinct plant-insect interaction with
many of the species being host specific. They are also fairly
well known and can be identified. The predaceous Hemipterans
are well known and afford observation of an insect predatory
group. Also the Orthopterans are largely a mandibulate plant-
feeding or scavenger group. The Thysanopterans (Thrips),
Neuropterans (lucewings), and Coleopterans (beetles) are fairly
well known ard reflective of diffarent trophic levels and should
continue to be monitored.

Certain orders of arthropods appear to offer little chance of
being identified to either family o: genus and should be elim-
inated from serious consideration, as they probably will not
satisfy the objectives of a monitoring program. These include
the Collembola, Lepidoptera, Diptera, Hymenoptera, and Acarina.
Others such as the Odonata, Psocoptera and non-arthropod groups
do not occur in sufficient numbers in the sweeps to warrant
their inclusion.

Since the invertebrates constitute the largest single component
(in terms of number of species) on these permanent study sites,
it is necessary to include them in a monitoring program. How-
ever, it has been found impractical and scientifically
unrealistic to consider all of the invertebrates in the monitor-
ing program.

O
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4. APPENDIXES A AND E

f Both appendixes consist only of tables, the titles of
which follow:

SUMBER TITLE

A-1 Data Summary for Prairie Vegetation Clipped
fror Subplots of Sarpling Station Pr-1,
Callaway Plant Site, Callaway County, Missouri,
Fall 1974

A-2 Data Summary for Prairie Vegetation Clipped
from Subplots of Sampling Station Pr-1
Callaway Plant Site, Callaway County, Missouri,
May-June 1974

A-3 Data Summary for Understory Vegetation of Sampling
Station P r-1, Callaway Plant Site, Callaway County,
Missouri, Fall 1974

n-4 Data Summary for Prairie Vegetation Clipped from
Subplots of Sampling Station Pr-2, Callaway Plant
Site, Callaway County, Missouri, Fall 1974

A-5 Data Summary for Prairie Vegetation Clipped from
Subplots of Sampling Station Pr-2 Callaway Plant.,

S Site, Callaway County, Missouri, May-June 1974'

A-6 Data Summary for Understory Vegetation of Sampling
Station Pr-2, Cal]away Plant Site, Callaway County,
M 3.s s o u r i , Fall 19'4

A-7 D a t t. Summary for Prairie Vegetation Clipped from
Subplots of Sampling Station Pr-3, Callaway Plant
Site, Callaway County, Missouri, Fall 1974

A-B Data Summary for Prairie Vegetation Clipped from
Subplots of Sampling Station Pr-3 Callaway Plant
Site, Callaway County, Missouri, May-June 1974

A-9 Data Summary fo_. Understory Vegetation of Sampling
Station Pr-3, Callaway Plant Site, Callaway County,
Missouri, Fall 1974

A-10 Data Summary for Prairie Vegetation Clipped from
Subplots of Sampling Station Pr-4, Callaway Plant
Site, Callaway County, Missouri, Fall 1974

A-ll Data Summary for Prairie Vegetation Clipped from
Subplots of Sampling Station Pr-4 Callaway Plant
Site, Callaway County, Missouri, May-June 1974



4. APPENDIXES A AND E (continued)

NUMBER TITLE

A-12 Data Summary for Jnderstory Vegetation of
Sampling Station Pr-4, Callaway Plant Site,
Callaway County, Missouri, Fall 1974

A-13 Transitional Species Preferring Disturbed Sites
(including overstory, understory, and ground
layer)

A-14 Data Summary for Identified Species of Sampling
Stations, Callaway Plant Site, Callaway Cvunty,
Missouri Spring, Summer, Fall 1974

A-15 Data Summary of Forest Ground Vegetation Clipped
from Subplots of Sampling Station r-1, Callaway
Plant Site, Callaway County, Missouri, Fall 1974

A-16 Data Summary of Forest Ground 'ngetation Clipped
from Subplots of Sampling Station F-1, Callaway
Plant Site, Callaway County Missouri, May-June
1974

A-17 Data Summary for Understory Vegetation of Sampling
Station F-1, Callaway Plant Site, Callaway County
Missouri, Fall 1974

A-18 Data Summary for Overstory Vegetation of Sampling
Station F-2, Callaway Plant Site, Callaway County,
Missouri, Fall 1974

A-19 Increment Core Summary for overstory Vegetation of
Sampling Stations F-1 to F-4, Callaway Plant Site,
Callaway County, Missouri, Fall 1974 (Distribution
and Mean Age, by Diameter Size Classes)

A-20 Data Sumrary of Forest Ground Vegetation Clipped
from Subplots of Sampling Station F-2, Callaway
Plant Site, Callaway County, Missouri, Fall 1974

A-21 Data Summary of Forest Ground Vegetation Clipped
from Subplots of Sampling Station F-2, Callaway
Plant Site, Callaway County, Missouri, May-June
1974

A-22 Data Summary for Understory Vegetation of Sampling
Station F-2, Callaway Plant Site, Callaway County,
Missouri, Fall 1974

A-23 Data Summary for Overstory Vegetation of Sampling
Station F-2, Callaway Plant Site, Callaway County,
Missouri, Fall 1974



4. APPENDIXES A AND B (continued)

NUMSER TITLE

A-24 Data Summary of Forest Ground Vegetation Clipped
fror Subplots of Sampling Station F-3, Callaway
Plant Site, Callaway County, Missouri, Fall 1974

A-25 Data Summary for Forest Ground Vegetation Clipped
fror Subplots of Sampling Station F-3, Callaway
Plant Site, Callaway County, Missouri, May-June
1974

A-26 Data Summary for Understory Vegetation of Sampling
Station F-3, Callaway Plant Site, Callaway County,
Missouri, Fall 1974

A-27 Data Summary for Overstory Vegetation of Sampling
Station F-3, Cal 2away Plant Site, Callaway County,
Missouri, Fall 1974

A-28 Data Summary of Forest Ground Vegetation Clipped
from Subplots of Sarpling Station F-4, Callaway
Plant Site, Callaway County, Missouri, Fall 1974

A-29 Data Summary for Forest Ground Vegetation Clipp6:d
from Subplots of Sampling Station F-4, Callaway
Plant Site, Callaway County, Missouri, May-June

@ 1974

A-30 Data Summary for Understory Vegetation of Sampling
Station F-4, Callaway Plant Site, Callaway County,
Missouri, Fall 1974

A-31 Data Summary for Overstory Vegetation of Sampling
Station F-4, Callaway Plant Site, Callaway County,
Missouri, Fall 1974

B-1 Scientific and Common Names of Herpetofauna Found on
Callaway Plant Site, Reform, Missouri During
Spring and Fall Sampling Periods, 1974
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APPr.NDIh A-12

DATA SUMMARY FOR UNDERSTORY VEGETATION" OF SAMPLING STATION PR-4,
CALLAWAY PLANT SITF,, CALLAWAY COUNTY, 711 S SOU R I , FALL 1974

(based on sixteen 6.25-milacre plots)

Scienti fic tJame pelative prlativc" Im:ortanco
b d^

Coim- n tJamo 1 requeng; Frequong'(*) Density Dennif/P) Value

Hubus flagellaris Willd.
dewberry 1.0 100.0 3.0 100.0 200.0

TOTAL 2.0 100.0 3.0 10u.0 ?00.0

Trees and/or shrubs per quadrat 0.2=

32,4Trees and/or shrubs per acre =

a
Tree o 7hrub lesc than 2.0 inches diameter at breast hoinht.

1'tiumber of subplots a species occurs.

Frequency of a sq ecies occurrence x 100
Cumulative frequenc'/ of all species

d
Cumulative number of a species within subplots sampled.

t

Density of a species occurrenco x 100
Cumulative densit'/ of all species

fSummat. ion of relative frequency + relative density.

9 9 @
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APPENDIX A-13

TRANSITIONAL SPECICS PREFERRING DISTURBED SITES
(including overstory, understory, and ground layer)

Family Fo res t Sampling Stations Prairio Sampiing 9tationn
Genus A. Specier, F-1 F-2 F-3 F-4 Pr-1 Pr-2 Pr-3 Pr-4

Aceraceae
Acer saccharum Marsh x x x x

Acanthaceae
Ruellia humilis Nutt. x x

Anacardiaceae
Rhus radicans L. x x

Apocynaceae
Apocynum cannabinum L. x x x x

Caprifoliaceae
Symphoricarpos orbiculatus Moench x x x x x x x

Caryophyllaceae
Cerastium viscosum L. x x x
Dianthus armeria L. x

Celastraceae
Celastrus scandens L. x x

Cistaceae
Lechea tenuifolia Michx. x x x

Compositae
Achillea millifolium L. x x

Ambrosia artemisifolia L. x
Ambrosia bidentata Michx. x x x x

Aster pilosus Willd. x x x x x

Aster anomalus Engelm. x x
Bidens aristosa (Michx.) Britt. x
Cirsium altissimum (L.) Spreng. x x x

Sheet 1
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APPENDIX A-13 (continued)

Family Forest Sampli ng Stations Prairie Sampling Stations
Genus & Species F-1 F-2 F-3 F-4 Pr-1 Pr-2 Pr-3 Pr-4

Granineae
Agrostis alba L. x x x
Agrostis hyemalis (Walt.) BSP x
Aristida eligantha Michx. x
Dactylis glomerata L. x
Danthonia spicata (L.) Beauv. x

Festuca elatior L. x x X
Eragrostis spec tab ili s (Pursh) S t ead . x x
Panicum lanuginosum Ell. & Vars. x x x x x
Paspalum laeve Michx. & Vars. x x
Phleum pratense L. x x x x
Poa compressa L.

x x
Poa pratensis L. x x x

Guttiferae
Hypericum punctatum Lam, x x x x x x

Juncaeae
Juncus tenuis Willd. x x x

Labiatae
Prunella vulgaris L. x x x x
Pycnanthemum tenuifolium Schrad. x x x x
Teucrium canadense L. x x

Lauraceae

Sassaf ra s albidum (tJu tt. ) flee s x x

Leguminosae
Amorpha canescens Pursh x
Gleditsia triacanthos L. x x
Lespedeza stipulacea Maxim. x x x x x
Lespedeza s tria ta (Thu nb. ) ll . & A . x x x x
Lespedeza violacea (L.) Pers. x x x x x
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APPENDIX A-13 (continued)

Family Forest Sampling Stations Prairin Sampiing 9tations
Genus & Species F-1 F-2 F-3 F-4 Pr-1 Pr-2 Pr-3 Pr-4

Melilotus a?ba Desr. x

Trifolium campestre Schreb. x x x

Trifolium pratense L. x x
Trifolium repens L. X X

Moraceae
Morus rubra L. x x x x x

Oleaceae
Praxinus americana L. x x x x x

Plantaginaceae
Plantago virginiana L. x x

Podophyllaceae
Podophyllum pelt *atum L. x

Polygonaceae
Rumex acetocella L. x

Primulaceae
Lysmachia lanceolata Walt. x

Rosaceae
Potentilla simplex Michx. x x x x

Prunus americana L. x x x

Prunus serotina L. x x x x
Prunus virginiana L. x x x

Fosa arkansana Po rter x

Rosa carolina L. x x x x x
Rosa setigera Michx. x x

Rubus flagellaris L. x x x x x x

Rubus occidentalis L. x x x

Rubus pensylvanicus Poir. x x x

Sheet 4
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APPENDIX A-13 (continued)

Family Forest Sampling Stations Prairie Sampling Stations
Genus N Species F-1 F-2 F-3 F-4 Pr-1 Pr-2 Pr-3 Pr -4

Saxifragaceae
lieuchera sp. x

Solanaceae
Solanum carolinense L. x x x

Ulmaceae
Ulmus rubra Muhl. x x x x x x

Vitaceae
Parthanocissus quincluefolia (L.)
Planch x x x x
Vitis aestivalis Michx. x x
Vitis cinerea Engelm. x x x x
Vitis vulpina L. x x x x

Adapted from D. B. Dunn, l'374-personal communica tion.
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AP PI'JU i X A-14 (Continuad)

Sciantifit N3ma Prairia Sam lin rnramt S epling StntionsPr-T_p~ g Staticnm . ~ - f..-'.l-~ ~~ ~ fT FG-- I' - ICommn Name i'rM Pr-3 Pi -f
- --

A;gynuq cannal inum L.
InManTemp !

Ar19tids oligantha Michx.
praliis7 htWaTawn grass A A

~

Asclerins birtally .:Pe nn e l l ) Woo.i s
631 Wee <T A

A9clepta, nw. b .>9eans L.ir=

purpli Sil 3 A

Ascl -pi a s rjuad r i folia Jacq.
isilheW1' A

A9cleplas sp~. L.
rililiWied A

Asimina triinba (L.) Dun 31.
pawpaw ,.

P_9planinm platyneuron (L.) Oakes
elon y spleanwort A A

Astor annmalus Engelm.
aster A A

Astar patens Ait.
spreM is<i aster A t

Aster pilosus Willd.
white Mai_h aster A A

Aster sp. L.
aster A A A A A A A A

Aster turbincilus Lindl.
aster A

Parti =im leucantha T. r. G .
whi-6 Gild inliico A At

Parbarea vulgnris~ (R.) B.R.
yellow rocket A

Didens aristosa (Michx.) Dritt.
t a ck seeT s~uiiflower A

Botryghium virginianum (L.) Sw.
rattlesnake fern A A A

Drachyelytrum eractum (Schreb. ) Peauv.
--- A

Pr emus gur 2ans L.
Canada breme A A

Shaet 2
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APPFNDIX A-14 (Continued)

Scien*ific Name Prairie Samplin[fr'!TStatirns Forest "sa*pling Stationa
re tu,n Name i~rl Pr-2 Pr-d fl P-T T-7 ~ - ' F,_ d

Sc5 reb.Ve no' a a ap. 1

ironwaad A A

Veronica arvensis L.
corn span M RI A A

'ipronicamtrum virginicum (L.) Farw.
culve r s rot t *

,

Vit tenum prunifolium L.
!d ack haw n n

Vibur um rafinasquianum Schultes
downy at rew-wed A

"iburnum rufid'ilum naf.
sautbrE LTacThaw A An A

Viburnum c- L.

viburnum n

Viola e pilienacea Pursh
certmon v2clat A

Viola triloba Schwein. f. dilatata Ell.
three: Toted violet A A A

~~

vitis aestivalis Michx.
summer crape- n An n

Vitis cinarea Encelm.
grayback grape A An An p .sc An

Vitis vulpina L.
winter grape n An An n

2anthoxylum amuricanum Mi11.
pricitly aih n

Sheet 14
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APPENDIX A-17

DATA SUMMARY FOR UNDERSTORY VEGETATION OF SAMPLING STATION F-1,
CALLAWAY PLANT SITE, CALLAWAY COUNTY, MISSOURI, FALL 1974

(based on sixteen 6.25-milacre plots)

c e f
Scientific Name Relative " ""

b d
Cornmon Name Frequency Frequency (% ) Density Density (%) Value

Cornus florida L.
flowering dogwood 14.0 14.1 78.0 21.2 35.3

9Quercus alba L. and var.
white oak 10.0 10.1 45.0 12.2 22.3

Carya sp. Nutt.
hickory 12.0 12.1 37.0 10.1 22.2

Fraxinus americana L.
white ash 7.0 7.1 46.0 12.5 19.6

Rhus aromatica Ait.
fragrant sumac 5.0 5.1 53.0 14.4 19.5

Ostrya virginiana (Mill.) K. Koch
hop-hornbeam 8.0 8.1 25.0 6.8 14.9

Quercus velutina Lam.
black oak 6.0 6.1 22.0 6.0 12.1

Amelanchier arborea (Michx. f.) Fern.
shadbush 6.0 6.1 10.0 2.6 8.7

Ulmus rubra Muhl.
slippery elm 6.0 6.1 6.0 1.6 7.7

Juniperus virginiana L.
red cedar 5.0 5.1 8.0 2.2 7.'

9Quercus rubra L. and var.
red oak 4.0 4.0 8.0 2.2 6.2

Sheet 1



APPENDIX A-17 (continued)

c e fScientific Name Relative R lative ImportancedCommon Name Frequency Frequency ( % ) Density Density (%) Value

Vitis vulpina L.
winter grape 3.0 3.0 5.0 1.4 4.4

Rubus flacellaris Willd.
dewberry 2.0 2.0 5.0 1.4 3.4

Rhus radicans L.
poison ivy 1.0 1.0 7.0 1.9 2.9

Morus rubra L.
red mulberry 1.0 1.0 2.0 0.5 1.5

Vitis_ aestivalis Michx.
summer grape 1.0 1.0 2.0 0.5 1.5

Celtis occidentalis L.
hackberry 1.0 1.0 2.0 0.5 1.5

Aesculus glabra Willd.
Ohio buckeye 1.0 1.0 1.0 0.3 1.3

Viburnum sp. L.

viburnum 1.0 1.0 1.0 0.3 1.3

Prunus serotina Ehrh.
black cherry 1.0 1.0 1.0 0.3 1.3

Crataegus sp. L.

hawthorn 1.0 1.0 1.0 0.3 1.3

Sassafras albidum (Nutt.) Nees
sassafras 1.0 1.0 1.0 0.3 1.3

Acer saccharum Marsh
sugar maple 1.0 1.0 1.0 0.3 1.3

Vitis cinerea Engelm.
grayback grape 1.0 1.0 1.0 0.3 1.3

TOTAL 99.9 100.0 368.0 100.1 200.1
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e e e
APPENDIX A-17 (continued)

Trees and/or shrubs per quadrat = 23.0

Trees and/or shrubs per acre = 3,726

" Tree or shrub less than 2.0 inches diameter at breast height.
b
Number of subplots a species occurs.

C
Frequency of a species occurrence

100Cumulative frequency of all species

d
Cumulative number of a species within subplots sampled.

e
Density of a species occurrence

x 100Cumulative density of all species

f
Summation of relative frequency + relative density.

Includes the species and varieties.

Sheet 3



APPENDIX A-18

DATA SUMMARY FOR OVERSTORY VEGUTATION" OF SAMPLING STATION F-1,
CALLAWAY PLANT SITE, CALLAWAY COUNTY, MISSOURI, FALL 1974

(based on sixteen 25-milacre plots)

9Scientific Nam Re1 tive Relative Relative Importanceb d g
Common Namo Frequency Frequency ( % ) Density Densi ty ( 4 ) Dominance Dominance (%) Value

Quercus alba L. and var.
white oak 14.0 25.5 32.0 28.8 4,377.4 78.5 132.8

Cornus florida L.
flowering dogwood 9.0 16.4 28.0 25.2 124.0 2.2 43.8

Quercus velutina Lam.
black oak 8.0 14.5 19.0 17.1 143.4 2.6 34.2

Carya ovata (Mill.) K. Koch
shagbark hickory 6.0 10.9 0.0 7.2 34.9 0.6 18.7

Quercus stellata Wang.

Post oak 2.0 3.6 4.0 3.6 495.2 8.9 16.1

Amelanchier arborea
(Michx.f.) Fern.

shadbush 4.0 7.3 E.0 4.5 22.7 0.4 12.2

Carya texana Buckl.
black hickory 2.0 3.6 2.0 1.8 313.6 5.6 11.0

Ostrya virginiana (Mill.) K.
Koch

hop --ho rnbeam 3.0 5.5 5.0 4.5 20.9 0.4 10.4

Quercus rubra L.
red cak 2.0 3.6 2.0 1.8 9.8 0.2 5.6

Ulmus rubra Muhl.
slippery elm 1.0 1.8 2.0 1.8 8.0 0.1 3.7

Sheet 1
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APPL:NDIX A- 2 3

DATA SUMMAltY FOft OVI:RSTOltY VF,Gl:TATI']N" OF SAMPLING STATION F-2,
CALLAWAY PLANT SITI:, CALLAWAY COUNTY, MISSOUltl, FALL l')74

(Isased on sixteen 25-milacre plots)

e e q h
Scientific TJane Pelative~ Helative pelative Importance

b d f
Common Namo Fr ejuoney, Frequoney(%) Density, pensityp), Dominance Dom i na nco ( S ) Value

Qaorcus alba L. and var.
whito oak 15.0 25.0 73.0 ab.7 2,859.7 61.2 1 34.9

Carya ovata (Mill.) K. Koch
shagbark hickory 11.0 18.1 24.0 15.4 442.5 9.8 43.5

Carya texana Duckl.
black hickory 6.0 10.0 17.0 10.9 248.4 5.5 26.4

Quergun rubra L.
red oak 5.0 8.3 6.0 .1. 8 515.9 11.4 23.5

Quercus velutina Lam.
' lack oak 6.0 10.0 10.0 6.4 264.4 5.8 22 zo

Cornus florida L.
flowering dogw ,od 6.0 10.0 14.0 9.0 67.2 1,5 20.5

Amelanchier arix,rea

(Michx.f.) Fern.
shadbush 3.0 5.0 3.0 1.9 19.1 0,4 7.3

Carya tomentosa Nutt.
mockernut hickory 2.0 3.3 3.0 1.9 29,8 0.7 5.9

Sassafras albidum (Nutt.) Nees
sassafras 2.0 3.3 2.0 1,3 19.2 0.4 5.0

Quercus stellata Wang.

Post oak 1.0 1.7 1.0 0.6 3H.5 0.4 3.2

Prunus serotina Ehrh.
black cherry 1.0 1.7 1.0 0.6 7.1 0.2 2.5

Shent 1

@ @ @



O @ O
ApprNDIX A-23 (continued)

e o <r h
scientific Name Re la tive ' Pe1ative' polativo impart ance

b d f

Common Name Freguency Frocuoncy(%) Density, Dennit @ ) Driminance Dom i na nce ( s ) Valuo

Morus rubra L.
red mulberry 1.0 1.7 1.0 0.6 7.1 0.2 2.5

Diosnyros virginiana L.
pe r s irunon 1.0 1.7 1.0 0.6 4 ') 0.1 2.4

_

TOTAL 60.0 100.0 156.0 99.7 4 , 5 ,' 3 . s 100.1 /99.H

9.8Trees per quadrat =

396.8Trees per acre =

202.7 sq. in.Basal area per quadrat =

11,449.4 sq. in,Basal area per acre =

a
Tree species 2.0 inches or greater diamotor at breast height.

b
Number of subplots a species occurs.

'

C
Frequency of a species occurrence

x 100
Cumulative frequency of all specirs

d
Cumulative number of a species wi t:.', subplots sampled.

e
Densi ty of a species occurrence

x 100
Cumulative density of all species

fCumulative basal area (sq. in.) of a species within subplots sampled.

9Cumul a ti ve basal area of a species
r 100

Cumulative basal area of all species

+ relative dominance.Summation of relative frequency + relatire density

i sheet 2Includes species and varieties
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APPEfJDlh A-26

DATA SUMMAFY Polt UNDI:ltSTORY VT GI:TATIOtJ" OF SAMPLING STATIOt1 P-3,
CALLAWAY PLANT SITE, CALLAWAY COINTY, MISSOURI, l' A LL 1974

(based on sixteen 6.25-milacre plots)

Ee o

Scientific Name Pelativo Helative~ Irrporta nr e
b d

Common Namo Pror]uency Proquency(*) Donsity Den s i t y ( * ) Value

Rhus aromatica Ait.
fragrant sumac 14.0 12.3 306.0 58.4 70.'l

Cornus flerida L,

flowering dogwoe1 15.0 13.2 49.0 9.4 22.6

Prunus srrotina Ehrh.
black cherry 12.0 10.5 22.0 4.2 14.7

puercus velutina tan .
black oak 10.0 H.B 24.C 4.6 13.4

Car'g sp. Mutt.
hickory ') . O 7.9 27.0 5.2 13.1

9Otercus alba L. aryl var .

white oak 9.0 7.9 15.0 2.9 10.8

Acer saccharum Marsh
sugar maple 3.0 2.6 22.0 4.2 6.8

Sas sa f r a s a lbidtr, (Nutt.) Nees

sassafras 5.0 4.4 12.0 2. 3 6.7

Quercus rubra L.
red oak 4.0 3.5 6.0 1.1 4.6

Vitus vulpina L.
winter grape 5.0 4.4 1.0 0.2 4.6

Rosa carolina L.
pasture rose 4.0 3.5 4.0 0.8 4.3
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APPENDIX A-27

DATA SUMMARY FOR OVERSTORY VEGETATION OF SAMPLING STATION F-3,
CALLAWAY PLANT SITE, CALLAWAY COUNTY, MISSOURI, FALL 1974

(based on sixteen 25 milacre plots)

e o y hScientific Name Relative' Felative~ Felative Importance
7Common Name F r e<1u r'ncy Frerluoney ( * ) Density Dennity(s) Dominance Dom i na nce ( s ) Value

puercus a ll'a L. and var,
white oak 14.0 26.9 102.0 57.0 3,175.1 54.3 142.2

pyercus velutina Lam,
black oak 9.0 17.3 24.0 13.4 1,296.3 23.8 94,3

Cornus florida L.
flowering dogwood 9.0 17.3 12.0 6.7 63.6 1.2 25.2

Ca rya texana Buckl.

black hickory 6.0 11.5 14.0 7.8 210.6 3.9 21.2

Quercus c,tellata Wang.

Post oak 9.0 7.7 9.0 5.0 204.3 3.H 16.5
Quercus rubra L.

red oak 3.0 5.8 6.0 3.4 287.0 5.3 14.5
Carya ovata (Mill) K. Koch

_

shagbark hickory 2.0 3.8 6.0 3.4 84.2 1.5 n.7
Acer saccharum Marsh

sugar maple 2.0 3.8 2.0 1.1 108.8 2.0 6.9
Carya tomentosa Nutt,

mockernut nickory 1.0 1.9 2.0 1.1 6.2 0.1 3.1

Morus rubra L.
red mulberry 1.0 1.9 1.0 0.6 3.1 0.1 2.6

Vitis cinerea Engelm.
grayback grape 1.0 1.9 1.0 0.6 3.1 0.1 _22

TOTAL 52.0 99.8 179.0 100.1 5,442.3 100.1 300.0

Sheet 1
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APPEDIX B-1

SCIE:CIFIC AND COMMON NAMES CF HERFETCFAUNA FOUND CN r
CALLAWAY FLANT SITE, REFCEM, MISSOURI,DURING L

SPRING AND FALL SAMPLING FEFICDS , 1974a

Scientific Na_me Common Name

No t eph thalmus ciridescens Newt
Scaphiopus bombifrons Flains spadefoot toad
Bufo fowleri Towler's toad
Ba'o americanus American toad
Hyla versicolor Gray treefrog
Hyla crucifer Spring peeper
Acris crepitans Northern cricket frog
Rana pipiens Leopard frog
Rana catesbeiana Bullfrog
Rana clamitans Green frog
Cheyldra serpentina Snapping turtle
Terrapene carolina Three-toed box turtle
Sceloporus undulatus Eastern fence lizard
Cphisaurus attenuatus Slender glass lizard
ifgosoma laterale Ground skink
Eumeces fasciatus Five-lined skink
Natrix sipedon CLanon water snake
Storer'a dekay1 Erown snake
Store la occipitemaculata Red-bellied snake
Thamnophis proximus Western ribbon snake 4J
Thamnophis sirtalis Common garter snake
Virginia valeriae Smooth earth snake
Heterodon platyrhinos Eastern hognose Snake

Carphophis amoenus Worm snake
Diadophis punctatus Eastern ringneck snake

Coluber constrictor Racer

Elaphe obsoleta Ra t s nake
Lamperopeltis getulus Common kingsnake

Agkistrodon contortrix Copperhead

aPhylogeny and taxonomy follow Blair, Elair, Erodkorb, Cagle and Moore, 1968.
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