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DATA EVALUATION RECORD
Chemical: Nemacur

Formulation: Technical (90%)

Citation: Lamb, D.W, and Carsel, M,A. 1982, Fenamiphos

- Reproduction Study with Mallard Duck. Reference
Tox. 305; AC 82225, Mobay Chemical Corporation
(EPA Accession No. 071291),

Reviewed By: Charles A, Bowen II

Fisheries Biologist

Ecological Effects Branch

Hazard Evaluation Division {TS-769)

Date Reviewed: March 3, 1983.

Test Type: 1l4-Week Avian Reproduction Study

A, Test Species: Mallard Duck (Anas platyrhynchos)

Reported Results:

Fenamiphos significantly reduced measured feed consump-
tion and eggshell production when present at 16 ppm in the
diet but not at lower (4 ppm, 8 ppm) concentrations. The no-
significant-effect level, based on mortality, gross lesions,
eggshell thickness, egg production, embryo and hatchling
survival, was 8 ppm.

Reviewer's Conclusion:

This bicassay is scientifically sound and demonstrates
that chronic technical Nemacur dietary exposures as low as
8 ppm can adversely effect reproduction in waterfowl. This
study will fulfill the requirement for an avian reproduction
study of Mallard Duck.
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Test Procedures:

Pen-reared male and female mallard ducks were obtained
from Whistling Wings, Hanover, Illinois. They were 19 weeks
0ld when the study was initiated and their weight range was:
males - 1.07 to 1.57 kg, females - 0.88 to 1.35 kg.

The birds were housed one male and one female per cage.
A three-week observation and acclimation period was observed.

Fifty-six males and fifty-six females were randomly as-
signed to a control group and to three test groups. Each group
had 14 cages with one male and one female per cage.

Pairs of birds were housed in Beacon Steel batteries.
Temperature and humidity were maintained at 69 to 74°F and
35 to 60° respectively., For the first 6 weeks the birds
were kept under a regime of 7.5 hours of light per day for
maximum egg production., The photoperiod was then increased
to 17 hours light per day for the duration of the study.
The birds received at least 6 foot candles of illumination.
There were no environmental deviations that affected the study.
Food and water were available ad libitum.

Fenamiphos was administered to the birds at 4, 8 and
16 ppm in their diet., A solution of fenamiphos in acetone
and corn oil was placed in a separatory funnel and was added
to the feed slowly while mixing in a 30-quart bowl of a
Hobart Mixer, Model D-300T. Acetone, which evaporated before
the feed was presented to the birds, was also used as a
rinsing agent for the glassware used in the preparation.

The control group received a diet containing 1% corn oil.
Fresh batches of diet were prepared weekly and stored in the
freezer until used. The diet was available ad libitum., After
1 week, all uneaten diet was destroyed and freshly rniixed feed
was offered to the birds. The test diet was administered for
3 weeks prior to the onset of egg laying and during egg
laying.

All adult birds were observed daily throughout the study
for clinical signs and mortality. Body weights were recorded
at weeks 0, 2, 4, 6, and 19 of the study. A weighed amount
of feed was offered weekly to each group, and the feed re-
maining at the end of the week was weighed to determine the
weight of feed consumed.

The hens started laying eggs during the fourth week of
the study, and eggs were collected daily until week 19. The
eggs were stored at 60°F and 65% relative humidity. All the
eggs were washed.
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Eggs were candled before being set. The eggs were placed
in an incubator. All of the eggs were candled on day 14 of
incubation to measure fertility and on day 23 to measure embryo
survival. On day 23 incubation, the eggs were allowed to hatch.

Throughout incubation, the temperature was maintained at
99.5°F with a wet bulb humidity index of 84°F. The .eggs were
rotated automatically each hour through day 23 of incubation.
When the eggs were transferred to the hatcher, rotation was
discontinued, the temperature was lowered to 99.0°F and the
wet bulb humidity index was raised to 89°F, :

All hatchlings were removed from the hatcher on day 29
of incubation. They were weighed and placed according to
test group in Beacon Steel Brooders maintained at 100°F
from hatching to day 14 of brooding. The ducklings were
given food and water ad libitum. Ralston Purina Puramycin
was added to their water for the first 3 days. At 14
days of age, they were weighed and sacrificed.

On one day in the 8th, 10th, 12th, 14th, and 16th weeks
of egg laying, all eggs laid that day were used to measure
eggshell thickness. They were opened at the waist and the
contents were thoroughly washed out. The shells were allowed
to dry for at least 48 hours at room temperature. The average
thickness of the dried shell plus the membrane at the waist
was determined by measuring at three points around the waist
using a micrometer calibrated to 0.01 mm units.

Gross postmortem examination was conducted on the bird
that died during the study. At the end of the study all birds
were sacrified by carbon dioxide asphyxiation, a gross post.
mortem examination was conducted and the brains were frozen
for later analysis. Brains from five males and females from
each test group were analyzed for cholinesterase activity.

Statisticcal Analysis

Values were subjected to an analysis of variance followed
by Duncan's New Multiple Range Test (SAS Version). All

_significant differences were expressed at the 95% confidence

limit,

Results and Discussion

One duck, a female receiving 16 ppm dietary fenamiphos,
died during the study; another in that group was thin for
3 weeks but recovered. One female in the 4 ppm group had
transient ataxia. One control and one 4 ppm female had de-
creased activity.
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At necropsy, incidental lesions such as pale livers, con-
gested visceral organs and testicular atrophy were seen in-
frequently without apparent relationship to concentration.

Some lesions were seen more frequently among the 16 ppm ducks:
tapeworms, gizzard enlargement, f£irm pancreas, yolk peritonitis
and emaciation.

The 16 ppm consumed significantly less feed than the other
groups and a few females in that group lost substantial amounts
of body weight.

The 16 ppm group laid significantly fewer eggs than the
other groups. They were not significantly different in their
cracking of fertility rates, but significantly fewer embryos
survived to 3 weeks. The number of viable 3-week embryos
which hatched was slightly reduced but the difference was
not statistically significant. The survival rate to 2
weeks was not concentration-related. The weight of hatchlings
was statistically less in the 16 ppm group but the dlfference
is too small to have any biological significance..

The number of live l4—day old ducklings produced in the
4, 8, and 16 ppm groups were 90, 75, and 12% respectively of
the number produced in the control group.

Brain cholinesterase activity in the treated groups was
3 to 16% less than control values. Depressions of this
magnitude are not considered biologically significant.

Eggshells were significantly thinner than control shells
in the 8 ppm group the third week and in the 8 and 16 ppm
groups the seventh week. The 4 ppm eggshells were signifi-
cantly thicker during week five. These seem to be random
difference except that the 16 ppm eggs consistently had
slightly thinner shells than control eggs.

Study Author's Conclusions:

Fenamiphos significantly reduced measured feed consump-
tion and egg production when present at 16 ppm in the diet
but not at lower concentrations. Body weight was maintained
in most ducks even at the highest concentration, but more
lesions were found among birds in the 16 ppm groups sacrified
at the end of the study than controls or the other groups.

(WA
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Eggshells were slightly thinner from the 16 ppm hens.
While cracking and fertility were apparently unaffected by
the compound, embryo and hatchling survival were reduced by
the 16 ppm concentration. Total live duckling production
as a percent of control production was 90, 75, and 12% re-
spectively, in 4, 8, and 16 ppm groups.

The no-significant-effect level, based on mortality,
gross lesions, eggshell thickness, egg production, embryo
and hatchling survival, was 8 ppm.

EEB Statistical Analysis

The authors data were examined using analysis of varience
followed by Duncan's New Multiple Range Test and chi-square
test of independence. Specific programs and their functions
are outlined below: .

Name

ARSINM one way analysis of variance
and Ducan's New Multiple Range
Test. Test examines survival
as a percentage, See Appendix
I for printout of the parameters
tested,

Bird Anova One way analysis of variance and
Bucan's New Multiple Range Test,
Examines reproductive output per
hen. See Appendix II for printout
of the parameters tested.

trtab

A chi-square statistic that ex-
amines frequency data obtained

from control and three treatment
levels (2-way table). See Appendix
ITIT for prints of the parameters
tested,

Results from the statistical measures employed are outlined below:

Reproductive

parameter tested ARSTNM Bird Anova trtab

Eggs Laid -not tested P<. 0001 X2 = 274 P<.0001
16 ppm group 16 ppm group
significant largest contri-
difference bution to X2

Eggs cracked -not tested P<. 0468 -not tested

16 ppm group
significant
difference



Reproductive

Bird Anova

parameter tested ARSINM trtab
Eggs set P<0,002 P<.0001 ~not tested
no significant 16 ppm group
difference significant
between groups difference
Viable embryos P<0.9499 P<.0001 ~not tested
no significant 16 ppm group
difference significant
between group difference
Live embryos P<0.057 P<.0001 -not tested
no significant 16 ppm group
different significant
between group. difference
D mean suggest
16 ppm effect
Normal hatching P<0.9903 P<.0016 X2 = 9.566
no significant 16 ppm group Prob = 0.01226
different significant 16 ppm group
between group difference contribution
to X2 significant

difference square

suggests

Both trtab and bird anova programs indicate that fenami-~
phos reduces the number of eggs set and the viability of
Bird anova indicates that reproductive’
parameter for the 16 ppm group were significantly different.
ARSINM proved to be the least sensitive statistical method
used because it failed to detect any difference in the means

mallard embryos.

of the 16 ppm group and controls.

The conclusion drawn by the author are supported by the

statistical procedures cited earlier.

Core

l14. Reviewer's Conclusions
recommended protocols were noted.

15, vVvalidation Status:

l6. Category Repairability:

N/A

P

No deviations from EPA
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SIHUARE Coe¥e . ROQT MSE RESPONSE MEAN CAcm -as’-
Zebebe Bé.B55¢6 54 ,49906023 b4 ,22566]1468
UKCE OF CTYPE 1SS F vaLug PR > F
T 3 42215,TT€T74498 Yy 0,00%7
UKRCE DF TYPE [Il 58 F VALUE FR » F
T 3 42215,77676495 byT0 NeBOSRT -

3¢ ANALYSIS OF LE/VE DaTA
AOHOUOBVEQORDVGOUNONA

GENERAL LINEAR MODELS PROCEDURE

NCAMTS MULTIPLE RANGE TEST FOR VARIAWLE! RESPUONSE

TEF WIS TEST CONTROLS THE TYPE [ COMPARISONWISE ERROR RATE,
NQT TeE EAPERIMENTw[SE ERRQOR RATE,

PHARO 405 UFs48 MSEm2970.15

RNINGY CELL SIZES ARE NOT EQUAL,

wMQMNIC HEAN QF CELL SI1ZESmi2,8746

ANS w]TH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT,

MEAN N TRT
71.209 13 A
704296 14 8
‘ 664179 lé C
254761 itoos
, e

‘ "'__-,,_--.-:...*'5» st S‘;ﬁa_sl—- Laer Sl o 80T 2 beo c&eue\op Mt g

el §
r



\WlamsbLE N

Je ANALYSIS OF LEsve uaia
QGOOO'G##QO'OO.#Q'QQG

MEAN STANDARD

UEVIATION

I--.--------------.---------------‘ ThT=A

la
1o
1
13
) 13
SPUNSE i3

16
14
la
la
5 la
APUNSE la

la
l4
la
1o
14

FUNSE le

14
la
14
11
11
11

Ja, 00000000 2Q0+21043]143

37.92857143 20.03777077

D, 876864828 0el10677036

12433357] Velb9]1188]

71420922718 9.68589550

D e D D - TRT=A
37,00000000 16.68255683

32,78571429 16,1920140e

37,00000000 16468255653

DeB7317117 Ue 39990184

14227382068 Vela276103

70,29555223 B8s1763133%
n--------------------------------- TRT:C
30,92B57143 13,12932294

25,857]428¢ 1243604498)

30,92887143 13,129322%54

0,820844]0 0411639646

1,15%80601 Velb3al60])

66,17898003 935928082 -
-----------------------n---------p TRT:U
Te0000000G ©e 85727887

4414285714 6,91241978

720000000 G 5485727647

De92490842 Ued7995736

C 0.T799001%7 0+52359082

45,76099920 29,9874741]

POrSE

37,92857143 20,83777077

16tas
MINTMUM MAX MM STD ERMOR
VALUE VagLUE OF mgaN

0400000000 B%.000i300¢0 5.5156782%
GsGODUNLOY &H2.00000000 S+40146500
0+.00008000 85450000000 S+51567825
0,%8823529 lJ00000000 0,02961277
Q.87409797 1+457079633 Q04690512
50,061976439 89.96379963 268638407
7400000000 &7.00000000 445860078
6,00000000 60,000800000 4,32749778
7400000000 47,00000000 4,45860078
0e630G00GO 0e97916667 0,026689985
0.88807712 1+025952813 Us03R1%449
50,74805345 Bl.66820782 2.18521164
13,00000000 49,00300000 3.506959]5
BeO000BUO0 48400000000 3.2981132%
1300000000 49,00000000 3250898915
Jeb]15384m2 0.379%9184 0,03110832
0490183225 1e62764B76 Q04367477
51465039264 Ble723H834]) 2+50137302

1500000000

v 1456542309
G 14,00000000 1e31289%94)
U 15.,00000000 1,565%42309
a le00N00000 0,11335554
a 14957079633 DelB87R4857F
0 B89,96378960 Ge04]1%48364



ﬁ/JADI Lf/‘S' 07: N /‘//L‘_E ]\-pg ‘JCM— (N"’Z'w‘—./ AAICA;’%JJL

Canb

GENERAL LIMEAR MODELS PROCEDUNE

JENODEMT VARIAHLEL RESPUMSE

IGHT 4 wT
JELE aF
JEL 3
PO 46
REGTED TOTAL a9
VUUARE CeVe
192aetl 1b8,6598
3
NCE GF
3

DUNCQN;EIQU%TéﬁLE RANGE TEST FoR vam
‘ E CONTROLS THE ryp ;

ot EXPEQIHENYHISE &RHE I COMPARISCNWISE ERRQK RATE,
Hs&::aTBb.t&
ARE NOT EQuAL,
L SI12ES=j2,08H8
LETTER arg noOT SIGNIFICANTLY DIFFERENT,

NOTE §

UALPHAZY 405 UFmag
OwaRNINGY CELL SIZES

HMARMONIC MEAN OF CEL

OMEANS WITH THE SaAME

UUNCAN GROUP ING
rer"‘/ A
‘x‘-\‘ A
o A
i e
Qirﬁ A
3 :
A
1

SUM OF SOUARES
758461922098
312130,41078660

31268484,.8300075%

ROQT ™MSE

82.,37380477

TYPE 1 SS
754 ,41922095

TYPE 11 SS

754,.,41922095

mMEAN SGUARE F VALUE

2514473072365 Oel4

5185,46371275 P > F
_ NPTV

pa . == { 029963

#

aesponse mgan Chemical e

,uo-)'— 2 '{-ceui'

4R 84022158

N H-/Lé L£o%i0
F VALUE PR » F
0404 Ne9902
F VALUE PR > F
0,06 0.9903

GENERAL LIneaR MODELS PROCEDUWE

MEAN
52,032
484314
4T.B82

464753

OH RATE,

N

14

4

TRT

e



AMlABLE N

LI

ME 4N

ANALYS]S OF NM/ZLE D4Ta

STanbDARD
CEVIATION

SmeesseeSeesesteTseSssceseeessesssee THTZJ4

146
14
1o
i3
RS 13
ESPONSE 13

1 m

J4,06000000
204428571463
34,0004Q000G0

0450990637

DeBOIBBSZ4

48,314427463

204210043143
1783132199
¢lel2l0a3143
0123976972
0:2%995483]
14 86503940

Ll L L D T T PR R Y o e P ———— TRT =R

14
14
14
. 14
sy ’ 14
ct SPONSE la

— I M

32,78571429
1BeS7142857
3278571429
2.,50815185%
DeB1632447
46,7531289¢0

16419201404

14,801 204886
16419201404
“Ve€58709981
0e31824026
18,22648742

Ll L T g i ——— TRT:C

14
- 14
T 14
1a
5 14
LSPOMSE 14

2585714286
1485714286
25.85714286
0.610]15646
0:9084%2867
$2,0318%293

12,3404098]
BeJIT65456
12¢3404098]
0,21675811
(23823208
13.,644201 )4

‘eoocssssscetescesteeeeetussneneess TRTRD

4 14
1 14
r 16

9
is 9
LSPUNSE S

4414285714
2e02887143
4014285714
0,5%464]1055
04836u2672
47T,88193087

4,91241978
JeTT673619
#¢91241978
0,3019g257
Ued3302560
28 ,a0055648%

YOO BUODAPHVBOUNECHCID

MINIMUM

STO ERRQ#
OF MEAN

Q4014680
ho 7TLBH2Y 26
S:6014650(
0.006A9456]
O040T19B57E
4,12282014

44327497 7E
3:98665002¢
84327057 7E
Q.0687128:
008508329

e KT MLim

VALUFE VaLluE
eNQGO000GH RZ2., 00000000
0,u0000000 &9,00000000
G.000300000 H2,00000000
0418790000 489189189
0+44TB3240 123576583
29 H438H2TI TO, 77567915
6,030000000 50,000000400
100000000 S4.00000000
6,U0000000 @0.00000000
Ue 16686867 100000000
0442053430 1487079633
28 ,088]14829 A9 ,96378963

#,37123366

8,00000000 48,00000000

3.,2981132%
2¢2283319}
Je2GBI1l32Y
0,0879310a
0.06367T020
JS5a6566]1a

le3l2899a]
100937592
1¢312859a1
0:,100864066
Oelaalatgy

500000000 33,00000000
He0000UDO00 &8,000U00000
1,25581395% 14916664567
0830286593 1627795358
30,37095570 73,19188543
0 14,Q0000000
0 1Za.00000000
0 1400400000
G 1.0000000Q0
0 1eS57079632
0 89,96378963

8,26608%230



SOURCE
HOLEL

B Wi

CORRECTED TOTAL

AA}A [‘f SIS O.ﬂ N H I/EL 1’\_‘?’\_-\.7(% (ﬂ*emnf f»;palcf\/{gjq Lqu-/\

DF Slm OF SUUARES ‘ MEAN SQUARE F.val

3 €6137,57263992 8712,5242133} 0y
51 483700,57462261 9484432499280 PR »
54 S09H838.14726253 0.4a

”E—wﬂ"
it Slar“"’;'('n
A\ g-x{l'!?"f!.-

RS GaANE CoVe HOOT MSE RESPONSE MEAN
1‘\ e )‘ .
Uil ZEk 3107280 37.38749916 31.3&192210C;£*_24Qj:f
_ ’Nf;/
SLURCE oF TYPE I SS  F VALUE PR » £L &0
TRT 3 26137,57263592 0,92 Bes40a
SCURCE CF TYPE Il1 SS F VaALUE PRk » F
rer 3 26137,57263992 D92 QehéDs
Se ANALYSIS OF NW/EL DATA
Q'ﬁéﬁb.liiﬁ“éﬁbi'di'.
GENERAL LINEAR #“0DELS PROCEDURE
HINCANIS MULTIPLE WKANGE TEST FOR VARTABLE! RESPONSE
QTEL T™MIS TEST CONTROLS THE TYPE | COMPARTISONW ISE ERKOR RATE s
NOT THE EXPERIMENTWISE ERROR HATE ,
LPHA20,05 OF38] MSEw9454,32
ARNINGY CELL SIZES ARE NOT EQUAL,
AMUNIC MEAN OF CELL SIZES=R13,735%
EANS wITH THE SAME LETTER ARE NOYT SIGNIFICANTLY DIFFERENT,
UNCAN GROUPING ME AN N TRT
A 344294 l« ¢
”~ . A
PR g A 35,196 14 a
s A
v a 34,903 14 B
A N
" A - 17.959 13 o
T - =
O N A T oy 1(5 f‘jf_:"” A 4 ﬁméﬂo
>0 T “



iAW lablE . N

e ANALYSIS OF NM/EL DaTA
HEBBLBINIDIBAGONTOEDE

ME AN

STANDARD
DEVIATION

:---------------------------------:—- TETSQ

A 1a
vt 14
r la
1a
le
1%

RS
ESFUNSE

S24142857]a
2062857143
BD2.160285714

Ue.35810841]

De6]14526019

35,1955829%

18436324566
1783132199
1836324566
021957387
Ueld73920684
15,68818344

D . T QT’B

L 14
H 14
T la
la
14
14

=g
ESHEOMSE

$3.571628%7
18+871a2857
53.571428%7
0,38105%996
GeBlOGAETIS
J4,9631508%

16481443650
la.64]284864
16.814638%0
0.,25683642
029311907
1678772833

A woomaw TkKT =2

- 14
B 14
T l&

14
‘5 la
LSPONSE 14

42,21428%571
14,85871a288
ade 21428571
0.357]10866
0463370485
36,29400815

lé,45512191
Be33765486
l14.45812191
0.15780100
0s168%8477
9,65530983

T A A TRT =0

. 1e
4 lq.
. le

13
1S 13
SPOnNSE 13

11438714286
£e42B87143
1135714280
Ue15768056
0431387071
17.,9590%002

TeTH17057S
377673619
TeT78170579
del9004 162
0030772669
17462434692

2

16148 THURSDAY, MARCH 19« 1938

MINEHUM

VALUE

MaXImiim
vaLUE

STD ERRQ
OF mEan

19,000000a0
2400000000
19,00000n00
0,0000G0u0E
0.00000UQQ
C,00000000

9l.00000000
69.00000000
91.00000000
D« 75824176
1005676778
£0.52397261

4.9077838
4.7656212
ﬁc907783&
0205868635
00732083
4y ]928432¢

28.00000000
100000000
2%,00000000
0.08000000
Ve20135792
11.53231728

81.00000000
S4,.,00000000
8l.006400000
0.771628%7
1e07231589
6l.41465550

bedBIRETE
Je9665002;
be49384T1E
0. 0686424:
0e0T8BIIII?
4,486T7T09]¢

bk AL L L T P T N e . i b L L L L T -

18,00000000
S5¢0000000¢
18,00000000
0.1590909]
04601027554
23.49759914

T1.,00000000
33.000000060
71.00000000
067346939
0+96255075
85 ,12790647

3.8632938)
2.22833191
3+86329383
0.042]7409
0e0a50861 8
2.5804%010

P

COOOOoO0

a27.00000000
12430000000
27+.00000000
0.63157898%
DeP]18545])7
82,607%8712

24079744235
10093792}
2+07%7a835
0e0538174a1
0+085348017
b,888114135
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EC
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17
4]
49
38
17
43
a2
4%
49
a7

as -

-1 Y
63
%56
6%
45
[ 1)
24
52
49
42
&7
27
27
LY )
49
T2
32
s

N o
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VE

16
23
48
35
17
43
Y-
1]
a9
40
as

0
S7
31
r4-3
43
62

?
17
48
34
67
27
24
43
49
40
32
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9
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13
22
13
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43
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1%
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Bm.ci ANV U = opne c.,u:\n-(\ QNG U

GENERAL LINEAR MQDELS PROCEQURE

PENDENT VARIABLE) EL (Eqas Laid)

URCE oF
DEL 3
ROR 52
RRECTED TOTAL s5
SUUARE CesVoe
583449 37,4465
JRCE . oF
1 3
JRCE OF
r | 3

SUM OF SQUARES
16195.%5000000¢
11562,7142857]
27758,2]428571

ROQT MSE

14,91173666

TYPE I SS
16195.50000000

TYPE III SS
16195,50000000

F VALUE
3398450000000 24428
222435589011 PR 3 F
~ s Nu-ﬂmn“‘ .._;’m
ellect am &:‘c‘ {an_aoiuc_rm,q
EL MEAN
39.321.3&5;
F VALUE PR F
24428 04000}
F VALUE PR » F
24,28 0,000}

SR

MEAN SQUARE

OUNCAN®S MULTIPLE RANGE TEST FOR VARIABLE EL
LS THE TYPE | COMPARISONWISE ERROR RATEY
NTW]SE ERRQOR RATE,

NOTE! THIS TEST CONTRO
NOT THE EXPERIME

ALPHABO .05 (FmB2 MSEw222,36

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY ODIFFERENT,

DUNCAN  GROUPING MEAN N TRT
A 53,571 16 8
a 524143 1 A
i 42,214 16 ¢
(& 1387 e 0)
punesm's S adicate Nemrpcvrte 3

CIG’PPWQD 5U7AH4jL{AJ+ 3#¥:L+5

74 e ‘A/UVV’£FIL,

p2d



GENERAL {INEAR MQOELS PHOCECURE
EPENOENT VARIABLEY EC (B4gs Cencied)

QURCE OF
ooEL . 3
RROR ) 852
JRRECTED TOTA( 58
YSUUARE CaVy
yle0232 99,4502
JURCE oF
T 3
IWRGE ' | OF
'T )

SUM OF SQUARES
2047162857
127400000000
1647,7142857)

RQQT MSE
156278843

- TYPE I S§
20+7142857)

' TYPE IIL SS
20,7142857]

MEAN SQUARE F VALUE
8490475190 2483
2494230769 FR > F

< m.ﬁ;w—‘?’(_?.:.?_‘*fﬁ

eHieck 20 249 Cepcein
EC MEAN

1.,371424857

F VALUE PR > F

2483 Ga0468

F VALUE PR > F

2.83 0.,0468

OUNCAN1S MULTIPLE RANGE TEST FOR VARIABLE] EC
NOQTEL TH]S TEST CONTROLS THE TYPE 1 COMPARISONW]ISE ERRCOR RATEY -

qp? THE EXPERIMENTWISE ERRQCR RATE,

ALPHA®),0% OFa%2

MSEaZ, 44211

MEANS wITM THE SAME LETTER ARE NQT SIGNIFICANTLY DIFFERENT,

DUNCAN GROUPING

MEAN N TRT
A 242143 14 8
A - '
: P 2,0000 14 A
g A -~ 14288
Q_e
¥ 0.6429 16 0

D an's /»vafa'—’*(é’ 579

,/é/pﬁ %

‘N‘}?cAIJZ 6%255#Lc}7/

. # < ﬂf ercy
o gacarasced Corc&is; @ /,/J



GENERAL LINEAR MODELS PROCEDURE
DEPENUENT VARIABLE! ES (Bygs ‘Sek)

SQURCE . COF SUM OF SQUARES MEAN SQUANE. F VALU

400EL, . 3 13726,42857143 4575,47615048 23,9
ERROR 52 9939,28571429 191,14010989 PR »

SORRECTED TQTal 55 23665,7142857] ' <: 0,000

S‘juf"{i Cm S

tmSUUAKE CeVe RQQT MSE ES MEAN Chemica efloc:
Mumge . o—

145800} 3 39,9907 1382534303 3».571¢zasrecq cel

OURCE oF TYPE I SS F VALUE PR > F

RT 3 13726,42857143 23.94 0,0001

QURCE oF TYPE III1 SS F VALUE PR » F.

RT 3 13726.42B57143 23,54 0000}

GENERAL LINEAR MOOELS PROCEDURE
DUNCAN'S MULTIPLE RANGE TEST FOR VARIASLE! ES
NGTEI TRIS TEST CONTROLS THE TYPE I COMPARISONWISE ERROR RATE,
NOT THE EXPERIMENTWISE ERROR RATE,
ALPHARQ,05 OFaS2 MSE®]9],14

MEANS WITM THE SAME LETTER ARE NOT SIGNI?IF&NTLY QIFFERENT,

DUNCAN  GROUPING T MEAN <N TRY
A 47,000 14 8
: 464143 16 A
: J6.786 s ¢ \
B 8,357 14 0

bucang /{o P-)m /,:, d]&/_
e Csun b OF ’/’75'



QUHCE
QDEL
RROR

ORRECTED TOTAy

wSQUUARE

1426873

IURCE

tr

JRCE
'T

. GENERAL LINEAR MODELS PROCEDURE
'EPENDENT VARIABLE! VE C\/,/-}(g{e_, € n (:eu75‘>

oF

3
e
5%

CeVy

5340859

oF
3

DF

SUM OF SGQUARES

BB0S5,57142857

11841 ,857]4286
20647,42837143

ROQT MSE

15409066009

TYPE I SS
8805.57142657

TYPE III sS
880357142897

MEAN SQUARE
2935%,19047619

227,72802194

F VALUS
12484

FR >

s‘z;f‘-*/“’“/ 040001

S ———
Chermicy | of fec

Noup Btﬂ. F.3 £
Vlﬁh\t Efn.bdlo‘r

VYE MEAN

28421428571

F YALUE PR > f
12,89 GeCUDY -

F VALUE PR >

12,89 GeQ04}

DUNCAN?YS MULTIPLE RANGE TEST FOR VARIABLE!} VE
NOTEY THIS TEST COUNTROLS THE TYPE 1 COMPARISONWISE ERROR RATE)

NOT THE EXPERIMENTWISE ERROR RATE,
ALFMASQ 435 (Fa52

MSE®R227,728

t

GENERAL LINEAR MODELS PROCEDURE

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT,

DUNCAN

GRQUPING

|

MEAN N TRT
A 37,929 18 &
7 37,000 16 8
A 30,929 18 ¢
8 74000 1e _gj

/6 pom  syrtreantl

e1c¢;c(5

Zhe

%fﬂb'///; ok maflanc/ eflec €5 7S



GENERAL LINEAR MODELS PROCEDURE

PENDENT VARIABLE: LE [)_we.

URCE DF
QEL 3
ROR $2
RRECTED TOTAL 5%
IQUARE CoVe
22222 6041617
IRQE ) DF

3
wCE OF

3

Em6e0L[S]
SUM OF SQUARES
80467,05357143
1101178571429
19088,839285%7]

ROOT MSE
14,5521513¢e

TYPE I SS
8047,08357143

TYPE Il sS
8067,05387143

2682,35)19048
21176510989
517w/;“"4

WE MEAN
244196420897

F VALUE FR- > ¢
12447 00001

F VALUE PR »
12,47 02000}

MEAN SQUARE

GENERAL LINEAR MQDELS PROCEDURE

OUNCAN?S MULTIPLE RANGE TEST FOR VARIABLEI LE

NOTES THIS TEST CONTROLS THE T
NOT THE EXPERIMENTWISE £

ALPHARQ,05 (Fes2

MEANS wlTH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT,

MSEeZ211.76%

DUNCAN  GROUPING MEAN N TRT
A 34,000 14 &
a 32.786 14 8
: 25,857 16 ¢

4¢1e3 1s gj

[ 8

/é;J/%aan S{j/L(fCCIQ/kﬂi ¢;4¥;;#$ 2 Ae

L"v’ [>eve ‘Oamm'—{- o+ ;Ma//.agaﬁ eméﬂyof

F valLue
12467
B 2 F

YPE | COMPARISONWISE ERROR RATE,
RROR RATE,.



| GENERAL LINEAR MQDELS PROCEDURE
ENDENT VARTABLEL MR ((psemel hedehing |

JIRGE DF SUM QF SQUARES MEAN SQUARE F vALUE

EL . ) 3 2755471428571 918,57142857 . B9l
IOR %2 8086,00000000 155,50000000 AR 2 &

IRECTED TOTAL 55 10841,7142857] g}le_[:“‘_L —3) 0.0016)

Chenmen | CHel
iGUARE CeV¥s RQQT MSE N ME AN

€ rpbas decelop -
156177 88,619¢ 12446996391 14,07142857 e
IRCE oF TYPE 1 S8 F VALUE PR 2 F
3 27557142857} 5491 040016
RCE OF TYPE III SS F VALUE PR > F
3 2755,71428571 S.91 0,0016

GENERAL LINEAR MQDELS PRQCEDURE
DUNCAN'S MULTIﬁLE RANGE TEST FOR VARIABLE( NH
NOTE| THIS TEST CONTROLS THE TYPE [ COMPAR]SONWISE ERROR ﬂA‘;Eu
NOT THE EXPERIMENTWISE ERROR RATE,
ALPHA®( 4,05 (OF352 MSEsIS5,.3

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY OIFFERENT,

OUNCAN  GROUPING MEAN —
A 204429 1a A
: 12571 14 B
: 14.857 14 ¢
| 2,429 o ]
ez /o/" .S'r?N"/""”/ c/étér .%A'g A b0

o~ VL S s it s . 2P g



(JANLE N

MEAN

SAS

STANDARD
DEVIATION

------i-c-------------*-qﬁﬁcﬁﬂ--gg TRT=EA

14
la
l1a
14

14

ia

B52,14285714

2400000000
46.,14288714
37,92857143
34,00000000
20,42857143

18,36324566

228708750
17.,07388380
2Q0,63777077
20421043143
17.83132199

fessssusscetessssteccescssevecnwesy [TRTHE

1s
14
ls
14
14
14

53457142857

2.2142857]
47400000000
37.00000000
32,78571429%
18,571428%7

1681443650

1.62568647
1573778196
16,68255683

16419201404

l4.84]128486

Y T TRTeG

14
l4
16
14
lé
14

4242142857)

102857143
36,78971429
30,92857143
25,857]1428¢8
14,85714288

14,4581219]
1415786845

13e42]7861 1

13,12932294
12,3404098)
8433765456

tetecenssenwsneseeceeseesecevewes THTSD

14
1s
l4
14
14
14

11438714286
0+542857 14
8,357142586
7,00000000
8,1428%714
2442857143

T«78170579
0eTH4940638
6461707747
5.,858727%87
4,9126]1978
377673619

f

MINIMUM
VALUE

19,00000000
0400000009
17.00000000
0.00000000
0400000000
000000000

2900000000
0.00000000
24400000000
T«00000000
&,00000000
1+00000000

18400000000
0400000000
15000000000
13400000000
8,00000000
200000000

. : 2l
L5157 WEDNESDAYs MARCH 16y 1983
MAXTMUM STD ERRQR

VALUE QF MEAN
91.,00000000 4,90778384
5400000000 04+6)1124985
.BS+Q0000000 4A¢56317937
B5,00000000 S,51%6782%
82,00000000 F.40166500
6900000000 4.7&56213&
99¢--¢-q-q¢---¢-¢qO-----.ﬂi-cc---g--.
81400000000 4,49384718
Se00Q0000000 O,43448304
T2«00000000 4:21144438
67,00000000 4,45860078
60400000000 #,32749778
5400000000 3,966%0022
Tl - ;—_:na-
7100000000 3.86329383%
4:00000000 0430948334
62400000000 3459514106
49,4,00000000 350895918
48,00000000 3.,2981132%
33.00000000 2¢22832319]
pqﬁﬂ-gﬁ----cﬁ-ﬁqﬁgqqc----ﬂ-o*---c--qq
27400000000 240797483%
2000000000 Q¢ 19509528
22.00000000 1.76848834
15,00000000 1,56542309
14,00000000 1:43128994])
1200000000 100937821
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