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B I L A G 1 

VANDKEMISKE OG BIOLOGISKE STØRRELSER 

AFBILDET PA KURVEFORM 
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Bilaget indeholder målinger i følgende søer: 

NAVN 

Alling sø 

Almind sø 

Brassø 

Hald sø 

Hinge sø 

Nørresø 

Salten langsø 

Silkeborg 

Slåen sø 

Søndersø 

Tange sø 

Thor sø 

Ved sø 

Vessø 

Ørn sø 

langsø 

FORKORTELSE 

ALL 

ALM 

BRS og BRA 

HLD og HAL 

HNG og HIN 

NRS og NØR 

SAL 

SIL 

SLA 

SRS og SØN 

TAN 

THO 

VED 

VES 

ØRN 

For hver sø er følgende parameter angivet: 

CH 

PAR Q 

PAR P 

PAR N 

00 

PP 

SI 

TF 

PQ 

klorofyl-a 

partikulært kulstof udtrykt ved COD-anal. (mg 1 

partikulært fosfor (mg l' 

partikulært kvælstof (mg 

opløst ilt (mg l"-"") 

bruttoprimærproduktionen 

siliciumkonc. (mg 1~ ) 

felttemp. ('̂C) 

opløst fosfor (mg l"-"-) 

•h 

i-h 

2 ~2 pr. m (mg C m dg) 
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TP total fosfor (mg 1 ^) 

UN summen af kone. af opløste kvælstof salte (mg l"-̂ ) 

TN total kvælstof '(mg l""'') 

G-24-MAX primærproduktionen i den mådedybde, hvor den 
største produktion beregnes 

SY den dybde (m), hvori resterer 10 % af belysnin
gen umiddelbart under overfladen, målt med grøn-
filter 

P^OD bruttoprimærproduktionen pr. m^ (mg C m~^ dg""̂ ) 
(PROD ~ PP) 

På kurverne er anført dybdeangivelser i form af symboler. Sym

bolet for "overfladen" betyder altid 0,2 m. De øvrige symboler 

er relative dybdeangivelser. Den eksakte dm-angivelse passer 

altså ikke nødvendigvis. 
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CH 

PRRO 

PflRP 

PflRN 

250.00 

200.00 • 

150.OG • 

100.00 

50.00 • 

0.00 

5.00 

^.00 

1.00 

2.00 • 

i . on • 

0.00 

.50 

.40 I 

. ]0 

.20 • 

.10 • 

0.00 

1.00 

,60 

.BO •• 

.40 • 

.20 • 

0.00 

H ! 1 h 

H \. 

H h 
JflN FE:R MqR qPR Mqj JON Ji 
74 
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PO 

TP 

UN 

TN 

J.OO 

.60 • 

.60 • 

,40 

.20 I 

0.00 i 

1.00 T 

,60 

,60 

.40 { 

.20 

0.00 

2.00 

1.60 • 

1-20 • 

.60 

,40 

0,00 

2.50 

2.00 

1.50 

KOO • 

. 50 

0.00 

H h 

d m 

H 1 1 1—^^^-r^-^^Y"^ H -*-

H h 1 h H ,̂ 

H 1 h 1 1 i. . - ^ 
-H 

4 f -

JflN PEB MRR RPR MflJ JUN JUL flUG SEP OKT NOV DtX 
74 
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00 

PP 

SI 

TF 

15 

12 

9 

6 

3 

0 

3000 

2400 

1800 

1200 

600 

0 

10 

6-

6. 

4. 

2. 

0. 

30, 

24. 

.00 

.00 

.00 

.00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

18.00 • 

12.00 

6.00 

0,00 

a 1 d m 

A ! 

JflN PE:B MRR RPR MflJ JUN JUL RUG SEP OKT NOV DEC 
74 
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CH 

PRRO 

PRRP 

PRRN 

50.00 T 

40.00 

30.00 • 

20.00 •• 

10.00• 

0.00 

5 . 0 0 -

4 .00 -

3 .00 -

2 .00 -

1.00 •• 

0.00 

.50 -

.40 •• 

.30 • 

.20 • 

.10 •• 

0.00 •• 

1.00 -

.60 • 

.60 

0.00 

a 1 d 

A leod 
n i9idm 

ÆF 

n 

^ m oi ^&-^—mi B3 

JflN FEB MRR RPR MflJ JUN JUL flUG SEP OKT NOV DEC 

74 
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RLM 751 

PO 

TP 

UN 

TN 

1.00 

.60 

.60 

.40 

.20 I 

0.00 

1.00 

.60 

.60 • 

.40 

.20 • 

0.00 • 

2 . 0 0 -

1.60 • 

1,20-

.60 

.40 • 

0.00 

2.50 

2.00 

1. 50 I 

0.00 

a 1 d 
H 112d 
A Jeod 
n 191dm 

• 
I fTJ ..LÉ t» B l fiV-^n 

JflN PEB MRR RPR MRJ JUN JUL RUG SEP OKT NOV DEC 
74 
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RLM 751 

00 

PP 

SI 

TF 

0.00 ̂  

1000.00 T 

800.00 •• 

600.00• 

400.00 • 

200.00-

0.00 

10.00 T 

6-00 • 

6.00 •• 

4.00 • 

2.00 • 

0.00 -

30,00 T 

24.00-

16.00-

12.00-

6.00 • 

0.00 •-

H h 1 1 1 i 1-

JRN PEB MRR RPR MRJ JUN JUL RUG SEP OKT NOV 
74 
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RLM 1 

JOOO 

G-24-MRX 
800 

600 

400 

200 

.'VI gc/m^/d 

SY 

m 

PRGD 

D -1-

10 

B 

G 4 

4 

2 

D 

]0D0 

800 

GOD 

400 

2DD • 

rngc/mVd 

^ ^ I I 1 1 

FEB MflR RPR MRJ JUN JUL RUG 5FP OKT 
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CH 

PRRO 

PflRP 

PRRN 

250.00 T 

200.00 • 

150.00 

100.00 

50,00 

0.00 

5.00 T 

4,00 

3.00 • 

2.00 • 

1.00 

0.00 

.50 T 

.40 

, 2 0 

0.00 
JRN PEB MRR RPR MRJ JUN JUL RUG SEP OKT N(3V DEC 
74 
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BRS 751 

PO 

TR 

1.00 T 

.60 

.60 

.40 

,20 

0.00 

1.00-1 

.50 • 

.60 

q g B 

a 1 d 
'̂' '-*i dm 

UN 
2.00 T 

TN 

0 . 0 0 
JflN PEB MRR RPR MRJ JUN JUL RUG SEP OKT NOV DEC 

74 



- B 13 -

BRS 751 

00 

PP 

SI 

TF 

15.00 

12.00 

9.00 

6.00 

3.00 • 

0.00 

3000.00 T 

2400.00 • 

1600,00 • 

1200,00 

600.00 

JflN PER MRR RPR MRJ JUN JUL RUG SEP OKT NOV DEC 
74 
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BRR 1 

]DODO 7 

G-24-MflX 
8000 

6000 • 

4000 • 

2000 
»^nqc/myd 

^ ol 

10 

SY 
8 

6 

4 

2 
m 

O 

7000 

PROD 
6000 

5000 

4000 

3000 

2000 

1000 

rn q C/m /̂ d 
^ O 

FEB MRR flPR MflJ JUN JUL flUG SEP OKT 

-e-̂ ^^^ 
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HLD 751 

CH 

PRRO 

PflRP 

PflRN 

250,00 

200,00 

150.00 

100.00 

50.00 

0.00 

5.00 T 

4.00 • 

3.00 

2.00 • 

1.00 

0.00 • 

.50 -

.40 • 

.30 

.20 I 

.10 

0,00 

1.00 T 

.60 

.60 

.40 • 

.20 

• 1 d 
c. 'OPd 

A 249d 
D 2e9cJm 

0 , 0 0 
JflN PEB MflR RPR MRJ JUN JUL RUG SEP OKT NOV DEC 
74 
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HLD 751 

0.00 

0.00 
JflN PEB MflR RPR MRJ JUN JUL RUG SEP OKT NOV DEC 
74 
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HLD 751 

00 

PP 

SI 

TF 

15.00 T 

12.00 •• 

0.00 

3000.00-

2400.00 

1600.00 

0.00 

10.00 1 

6.00-

6.00 

4.00 

2.00 

0.00 •-

30.00T 

24.00 

16.00 

12.00 • 

6.00 

0,00 

[ 'H I E -T 

JflN PEB MflR RPR MflJ JUN JUL RUG SEP OKT NOV DEC 
74 
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HRL 1 

10000 

G-24-MflX 
8000 

GODO 

4000 • 

mg c/m/d 

SY 

PROD 

m 

lOj 

8 

G 

4 

2 

D 

7000 

6000 

5000 

4000 • 

3000 • 

2000 • 

nrjgc/m/d 

^ 1- - i _ - — ( 

FEB MRR RPR MflJ JUN JUL flUG SEP OKT 

ARSPROD. 

200 5 C/m Vår 
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HNG 751 

CH 

PRRO 

PflRP 

PRRN 

250.00 

200.00 

150.00 

100.00 

50.00 

0,00 

5.00 

4.00 

3.00 

2.00 

1.00 

0.00 • 

.50 

,40 

.30 

.20 

.10 

0.00 

1.00 

.50 

.60 

!40 • 

.20 -

0.00 

H -4-

a I d 
o 19 dm 

H y- -) i-

H 1 1 h 

JflN PEB MRR RPR MflJ JUN JUL RUG SEP OKT NOV DEC 
74 
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HNG 751 

PO 

TP 

UN 

TN 

1.00 T 

.60 

.60 

.40 

.20 

0.00 

1.00 T 

.60 

.60 • 

.40 • 

.20 

0.00 

2.00 T 

1.60-

1.20 • 

.60 • 

.40 

0.00 

2.50 T 

2.00 • 

1.50 • 

1.00 

.50 • 

0.00 

a 1 d 
o ^^ dm 

q"~-ar- Bl fn I a I m 

•ffl I a 

JflN PEB MflR flPR MRJ JUN JUL RUG SEP OKT NOV DEC 
74 
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HNG 751 

00 
12.00 

9.00 

6.00 

3.00 

0.00 

^ '^ -v ,^^ 
o 

• 

1 1 H— i 1 1 - h h— 

>ai 

1 1 ] 1 

PP 

SI 

3000.00 T 

2400.00 • 

2.00 • 

TF 
30.00T 

24.00 • 

18.00 • 

12.00 

6.00 • 

0.00 1 H 1 1 1 ! 1 1 1 1 ! 

JflN PEB MRR RPR MRJ JUN JUL RUG SEP OKT NOV DEC 
74 
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HIN 1 
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4 
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O 
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CH 

PRRO 

PflRP 

250.00 T 

200.00 • 

150.00 • 

100.00 

50.00 • 

0.00 

5.00 T 

4.00 

3.00 

2.00 • 

1.00 • 

0.00 

.50 

.40 

.^O 

.20 

. 10 

0,00 

a 1 d 
s lof-dm 

PflRN 
1.00 T 

0.00 
JRN FEB MRR RPR MflJ JUN JUL flUG SET OKT NOV DEC 
74 
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PO 

TP 

UN 

TN 

1.00 T 

.60 

.60 

.40 + 

.20 

0.00 

1.00 T 

. 60 

. 6 0 • 

. 40 • 

. 20 

0 . 0 0 

2 . 0 0 -

1.60 

1,.20 • 

. 6 0 • 

. 40 

0,00 

2 . 5 0 T 

2 . 0 0 • 

1.50 

1 .00-

. 50 

0 . 0 0 H h 

a 1 d 

•¥• ~f- H \, 

JflN FE:B MRR qPR MRJ JUN JUL flUG SFP OKT NOV DEC 
74 



- B 2 5 -

NRS 751 

00 

PP 

SI 

TF 

3000.00 -

2400.00 • 

1600.00-

1200 .00 • 

3 0 , 0 0 T 

2 4 . 0 0 • 

16 .00 

12 .00 • 

6 . 0 0 • 

0.00 

a • d 

s loedm 

JflN FFE MRR flPR MRJ JUN JUL flUG SFP OKT NOV DtX 
74 
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NØR 1 

10000 

G-24-MflX 
eoDO • 

6000 • 

mgC/m7d 

SY 

PROD 

m 

10 I 

8 • 

6 • 

2 

D 

7000 

6000 

5000 

4000 

3D0D 

2000 4 

1000 • 

i^qC/myd 
^ o + 

FEB MRR RPR MflJ JUN JUL RUG SEP OKT 
74 

SRGP.QOD." 230 ̂ Crrr̂ år-' 
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SflL 751 

CH 

PflRO 

PflRP 

PflRN 

2 5 0 . 0 0 

200.00 

150.00 

100.00 

5 0 . 0 0 • 

0 . 0 0 

5 . 0 0 T 

4 . 0 0 • 

3 .00 • 

2 . 0 0 • 

KOO-

0 . 0 0 

. 50 

. 40 • 

. 3 0 • 

. 2 0 • 

. 1 0 • 

0 . 0 0 

1.00 

. 60 

. 6 0 • 

. 40 • 

. 20 • 

0 . 0 0 

a 3 d 
^ 3̂5 dm 

JflN FEE MRR RPR MRJ JUN JUL RUG SEP OKT NOV DEC 
74 
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Sni 751 

PO 
KOO T 

.60 • 

,B0 

. 40 

.20 I 

0 . 0 0 ^ Wr -^B l B I.IP' 

1 d 
'3̂  dm 

TP 

UN 

TN 

KOO T 

.80 

. 60 

. 40 

0.00 
JflN FEB MflR qPR MRJ JUN JUL RUG SEP OKT NOV DEC 
74 
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SflL 751 

00 

PP 

SI 

TF 

15.00 

12.00 

9,00 

6.00 

3.00 

0.00 

3000.00T 

2400.00 

1600.00 

1200.00 • 

600.00 • 

JflN FEB MRR RPR MRJ JUN JUL flUG SEP OKT NOV DEC 
74 
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5RL 752 

CH 

PHRO 

PflRP 

50.00 T 

40.00 • 

30.00 • 

20.00 

10,00• 

O.OG 

5 . 0 0 -

4 . 0 0 • 

3 .00 • 

2 . 0 0 • 

1.00 

0.00 

.50 -

m 1 d 
o 0̂ dm 

-H h 

H h 

H h 

H h 

PHRN 

0 . 0 0 
JflN FEB MRR RPR MRJ JUN JUL RUG SEP OKT NOV DEC 
74 
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SflL 1 

10000 

G-24-MRX 
6000 

6000 

4000 • 

nngc/rn7d 

SY 

PROD 

m 

10 

8 

6 • 

4 

2 

D • 

7000 

6000 

5000 

4000 

3000 

2000 • 

1000 • 

nngc/m^/d 

FFB MflR RPR MflJ JUN JUL RUG SEP OKT 
74 
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Sni 752 

PO 

TP 

UN 

TN 

1.20 

.60 

.40 

0,00 

2 . 5 0 -

2.00 

K50 

KOO • 

.50 • 

0.00 

E 1 d 
CD ^0 dm 

B' I ig I ffl a r ^ 

I iS I a I g . tp gi I n gri H h 

JRN FEB MRR RPR MRJ JUN JUL flUG SEP OKT NOV DEC 
74 
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SIL. 751 

CH 

PflRO 

PflRP 

PflRN 

250. O O T 

2 0 0 . 0 0 • 

150 .00 • 

100 .00 • 

5 0 . 0 0 • 

0 . 0 0 -

5 . 0 0 T 

4 . 0 0 • 

3 . 0 0 

2 . 0 0 • 

1.00 • 

0 . 0 0 

. 5 0 T 

. 40 

a 1 d 
o 24 dm 

0.00 
JflN FEB MRR RPR MRJ JUN JUL flUG SEP OKT NOV DEC 
74 
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• 

• 

— H — Q | = —P)—^oa.i i!,i 1 n ""p* 
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o 
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C^H 1 1 1 

TP 
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UN 
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2 . 0 0 • 
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.50 

0.00 
JRN FEB MRR RPR MRJ JUN JUL RUG SEP OKT NOV DEC 
74 
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TF 
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6.00 
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0 
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1200 
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0 

10 

6 

6 

4 

•2 

0 

.30 
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16 

12 

6 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 
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JflN FEB MRR RPR MRJ JUN JUL flUG SEP OKT NOV DEC 
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MALING AF KVÆLSTOFFIXERINGEN, 

I undersøgelsen indgår måling af blågrønalgernes 

kvælstoffixering. Målingerne påbegyndes mindre end 

Ih time efter prøvernes udtagning. Ved målingen an

vendes acetylen-reduktionsmetoden, / 2 / . Princippet 

heri er følgende. Visse blågrønalger kan reducere 

frit kvælstof {N2) til en kvælstofforbindelse (NH3), 

som algerne kan udnytte. 

Alger, der har denne egenskab, kan også reducere ace

tylen til ethylen. Denne omdannelse kan kvantificeres 

på en gaschromatograf. Både lys og temperatur er regu

lerende faktorer for kvælstoffixeringen. 

FREMGANGSMÅDEN VED MÅLINGERNE VAR FØLGENDE: 

Ved inkuberingen blev vandprøverne overført til kla
re 30 ml McCartney-flasker. 

Der blev udført 3 dobbeltbestemmelser samt 1 blind-
prøve for hver vandprøve. 

I hver flaske blev der afpipetteret 15,0 ml prøve. 

Flaskerne blev lukket (lufttæt) med et skruelåg, hvori 
der var indsat en gummimembran. 

2,0 ml acetylen blev tilsat hver flaske med en sprøjte 
påsat en kanyle. 

Flaskerne blev inkuberet i 1 time under konstante lys-
og temperaturforhold. 

Nogle af flaskerne blev (lystæt) indpakket. 

Efter inkuberingen blev processerne afbrudt ved til
sætning af 400 ^1 mættet ammoniumsulfatopløsning. 

Dernæst blev flaskernes indhold af ethylen målt på gas
chromatograf med flammeionisationsdetektor. 

Denne dannede mængde ethylen kan direkte omregnes til 
fixeret kvælstof. 

DETEKTIONSGRÆNSE: 

Detektionsgrænsen ved den gaschromatografiske analyse 
er 0,3 . 10 10 mol pr. 1000 ^1 luftfase, svarende til 
3,4 mg N m-3 døgn~l. 



- B 80 -

B I L A G 3 

SAMMENHÆNG MELLEM LYSFORHOLD 

(EXTINKTIONSKOEFFICIENTEN) OG 

KLOROFYLINDHOLDET I DE UNDER

SØGTE SØER. 
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THE RELATIONSHIP BETWEEN PHYTOPLANKTON PHOTOSYNTHESIS AND 

LIGHT. TEf^PERATURE AND NUTRIENTS IN SHALLOW LAKES, 

EBBE LASTEIN a n d EIVIND GARGAS 

With 8 f i g u r e s and 5 t a b l e s in t h e t e x t . 

ABSTRACT 

During the period February to November 1974 estimations of 198 
light-saturation curves were carried out on samples from 18 
lakes in Jutland comprising lakes of different morphometric 
types and state of eutrophication. The measurements were car
ried out in an incubator. Changes in the concentrations of 
chlorophyll-a, total nitrogen, total phosphorus, temporaturs 
and irradiance vjerc measured too. P^ (photosynthesis per unit 
of chl.a at lov; light levels, i,e. 3'10- cal - cm" • min"-'-) show
ed only slight variations during the sampling period. Average 
for the 18 lakes P^ ranged from 0.9 to 1.4 mgC • (mg chl.ar^-.2 hr.̂  
P S (light saturated photosynthesis per unit of chl.a) shov.'ed 
pronounced variation during the sampling period. Average for 
the 18 lakes Pm ranged from 2.7 to 5.2 mgC - (mg chl.a) ~̂ . 2 hrs"^-. 
If; (irradiance at which the initial and horizontal part of the 
light-saturation curve intersect) showed pronounced variations 
during the sampling period. _Averaqe for the 10 lakes IK ranged 
from 4.0 to 8.2 • lO'^^cal ' cm ^ min"^-. Correlation .analyses 
showed that P^ was not significantly correlated to light or 
temperature. Pf, and l^ were strongly correlated to temperature 
but not to light. The highest values of P^ and IK were obser
ved in the most eutrophic lakes, and the lov/est values were ob
served in the most oligotrophic lakes. Analyses of variance 
indicated that the influence of temperature and light on P^ 
and IK was stronger than the influence of the trophic state of 
the lake. 

INTRODUCTION 

The light-photosynthesis curve plays an important role in all 
theoretical studies and predictive models for phytoplankton 
production: RYTHER and YENTSCH (1957), STEEEE and BAIRD (1961 
and 1962) , MARGALEF (1963) , STEEMANN NIELSEN and JØRGENSEN 
(1968 ^,h), EPPEEY (1972), FEE (1973), PLATT et al. (1975), 
PLATT and JASSBY (197G), JASSBY and PLATT (1976), GARGAS et al. 
(1976), GARGAS and HARE (1976), PLATT et al. (1977) and GARGAS 
et al. (in press). Most of the theoretical studies and pre
dictive models deal with the 3 parar-ieters: P^ (light saturated 
photosynthesis per unit of ciilorophyll-a) , ex' (the sloioe ol the 
light saturation curve at lovi l:ight levels, i.e. tlie linear 
initial part of the curve estimated as mgC'(mg chl .a) "̂ . h "i-. ir
radiance" ) and Ij, = pI5/a (irradiance of which the initial and 
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horizontal part of the light-photosynthesis curve intersect) 
a and Iĵ  show yearly and diel fluctuations. The state varia
bles, processes, and forcing functions v/hich cause these va
riations are changes in: irradiance, temperature, nutrients, 
algal species (i.e. different nutrient requirement, light 
and temperature dependent growth rate, surface to volume ra
tio , state of development etc.) 

Recently PLATT and JASSBY (1976) have described the variation 
in Pm, R̂  (corresponding to dark respiration), and a b^sed on 
188 duplicate light-saturation experiments carried out over a 
period of 2 years in coastal waters. In the present paper we 
are presenting our examinations on the effect of light, tem
perature and nutrients on Ij^, Pg and P^ based on 198 data of 
each parameter. 

Based on an equation given by EPPLY (1972) the specific growth 
rate of the phytoplankton has been estimated, dependent on tem
perature and fixed different carbon/chlorophyll-a ratios. 

The results used in the present paper make up part of a great 
investigation of the pollution of the river Guden carried out 
during 1974-75. This investigation was financed by the coun
ties of Vejle, Viborg, and Århus, and v;as carried out by the 
Water Quality Institute. The counties have kindly made the 
results available for presentation in this paper. 

MATERIAL AND METHODS 

Light-saturation measurements were carried out on phytoplankton 
samples collected from the surface (i.e. 0.2m.) of 18 shallow 
lakes located in Jutland (9° 45'E, 56^ O'N) during the period 
February to November 1974. The 18 lakes covered the spectrum 
from oligotrophic to eutrophic lakes (see Table 1 ) . 
The photosynthesis measurements were carried out by the -^^C-
method, STEEMANN NIELSEN (1952) and GARGAS (1975) at various 
levels of irradiance (fluorescence light 400-700 nm), ranging 
from 0.9 to 19 • 10 cal- cm~2, ̂lin"-'-. The measurements were 
carried out in an incubator at the same temperatures as those 
prevailing where the samples were collected. A detailed 
description of the method is given in GARGAS et al. (1976) 
and GARGAS and HARE (1976). Analyses of chlorophyll-a have 
been carried out according to GOLTERMAN (1971) . Analyses of 
phosphorus, nitrogen^ pH, alcalinity, and conductivity have 
been carried out according to STANDARD METHODS (1975). 
Irradiance has been measured at the climatic station of the 
Royal Veterinary Agricultural University of Denmark North 
of Copenhagen (11° 30'E, 55° 45'N). 
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RESULTS 

The changes in P^, pg, l^, IQ and (IQ) as a mean and standard 
deviation for all of the 18 lakes during the period February 
to November 1974 are shown on the figures 1-7. 

P^ is the photosynthesis per unit of chlorophyll-a measured 
at low light levels, i.e. 3* 10~^cal* cm" .min"-*-. pg is light-
saturated photosynthesis per unit of chlorophyll-a measured at 
19 • 10" cal- cm"'̂ . m~^. Iĵ  is the irradiance at which the ini
tial and horizontal part of the light-photosynthesis curve in
tersect. T is the water temperature at the surface of the lakes, 
when the samples v/ere collected. lo is the irradiance on the 
days for collection of samples in cal* cm" . day" , i.e. average 
over a 4 days period. ( IQ) is the irradiance as a mean of 4 days 
prior or the collection of the samples in cal cm ^ day"-^ . 
^IQ) was estimated because of suggestions given by STEEMANN 
NIELSEN and PARK (1964) that photosynthesis parameters as P 
and IK require some days to respond to changes in IQ), 

Linear regression analyses, based on 11 set of data 
average for the 18 lakes, give the following equations: 

m 

IK 

IK 

pB 

pB 

lo 

(xo) 
XK 
pB 

pB 

pB 

pB 

= 0.008 IQ 

= 0.006 ( I Q ) 
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= 0.003 (IQV, 

= 8.16 T 

= 5.83 T 

= 1.39 pB 

= 8-10~^Io 
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+ 
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+ 

+ 
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29.68 

43.58 

26.96 

63.72 

7.25 

8.77 

0.33 

225.50 

255.90 

31.52 

13.30 

The correlation coefficients of these regression equations 
are given in Table 2. 

DISCUSSION AND CONCLUSION 

P only shows slight variations during the period of collection 
of samples. As average for the 18 lakes the highest value ob
tained was 1.4 mgC-(mg chl.a)-X.2 hrs"2, and the lowest value 
was 0.9 mgC.(mig chl.a) ~X. 2 hrs Contrary to P shows 
L?^^!??!^"''^^ ^^i'^'f^i"^ during the sampling period with'^the low-

' " 2 hrs~X aî (j ̂i-̂g highest value 
est value of 7.7 mgC* (mg chl.a)-^-
of 5.2 mgC-(mg chl.a)-X.2 hrs'X . This is in agreement with 
other findings, PARSONS and TAIUVHASHI (1973), PLATT and RAO 
(1975) , and PLATT and JASSBY (1976) . 
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EPPLEY (1972) states that it is interesting that assimilation 
numbers greater than about 15 per hour rarely are reported in 
the literature, and one wonders, whether this is because of a 
disbelief in the validity of the data or because high /i and 
high C:chl.a ratios are somehow mutually exclusive in nature. 
CURLE and SMALL (1965) have advanced the hypothesis that assi
milation ratios per hour below 3 are indicative of nutrient 
deficiency^ and values above 5 indicate an adequate nutrient 
supply. 

Fig. 1 shov;s that there is no seasonal variation of P^. A 
seasonal variation exists for both T, IQ and ( I Q ) . A correla
tion between pB and T, and P^ and IQ therefore is not probable. 
This is also supported by the correlation coefficients given 
in Table 2. The independence of IQ on pB is in agreement with 
the theory of basic photochemical reactions, JØRGENSEN and 
STEEMANN NIELSEN (1965), DUNSTAN (1973) and BANNISTER (1974). 
PLATT and JASSBY (1976), however, found a marked fluctuation 
in a (corresponding to our P^) with IQ. The lack of correla
tion between T and P^ is in agreement with the theory of light-
processes in the photosynthesis mechanism. 

Pm shows seasonal variation. However, as shown in Fig. 2, 
this variation is not in phase with IQ , and from Table 2 it 
is seen that the correlation coefficient is not significant. 
As Pm is depending on the activity of the photochemical enzymes 
in the dark reactions in photosynthesis, one should have expec
ted a positive correlation between these two variables, HALDAL 
(1970) and SESTAK et al. (1971). It should be mentioned that 
^Of \ X Q ) have been measured in Copenhagen, v;horeas the lakes 
were located in Jutland, i.e. an interval of 300 km. Hov;ever, 
also PLATT and JASSBY (1976) found a negative correlation be
tween P^ and { I Q ) . 

As it is seen from Fig. 4 the changes in P^ follow the changes 
m temperature. This is in accordance v̂ ith the theory of fun
damental photoenzymatic reactions, JØRGENSEN and STEEMANN NIEL
SEN (1965), DUNST/vN (1973) and BANNISTER (1974). However, in 
v/ater bodies, v/here temperature is believed to be the most li
miting factor for algal growth, a much stronaer influence of 
temperature on P^ should be expected. EPPLEY (1972) has 
set up the following equation, which directly relates the 
assimilation number, the carbon : chlorophyll-a ratio and 
the specific growth rate: 

M =. ^ log, (^^-^^-c^ifa^^^^^-^-) U) 

J O / ^ K ' ?•/?'̂ ^ ̂ h°̂ '-'" the changes in estimated ^ ,,̂ ^ average 
for the 18 lakes under the assumption of different fixed 

n'? ='^ It^''^;. ^^^"^ ^^^ ^̂ ""̂  estimated by combining equation (1) and the following equation: 

^Wx Puiax • 0 ' (2) 
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v;here: 

H,a^^^°' = 1.5 day-I 

0 = 1.07 (i.e. Qio = 2) 

As it is seen from Fig. 8, fimax varies between 0.3 (Crchl.a = 
120) and 2.7 (Ctchl.a = 30). These estimated values of ii^^^, 
hov/ever, should only be considered as rough guidelines, as the 
real values of the C:chl.a ratios of the phytoplankton were 
not known. In natural water bodies the C:chl.a ratio, P^ and 
I^ change according to changes in species composition and size, 
temperature, light, and nutrients. A decrease in temperature , 
light and available nutrients causes a decrease in the C:chl.a 
ratio, Pĵ  and IK, STEEMANN NIELSEN and HANSEN (1959), ICHIMURA 
(1960), MCALLISTER et al. (1964), STEEMANN NIEILSEN and JØRGENSEN 
(1968 a,b) , EPPLEY (1972) and SMETACEK (1975) , 

IK shows a seasonal variation ranging from 4.0 to 8.2 
cal • cm" • min"' (400-700 nm) . IK is a derived parameter of 
the basic photochemical reactions. Therefore, a positive cor
relation betv;een TK and irradiance should bo expected, STEE
MANN NIELSEN and H/ANSEN (1961) and GARGAS (1971). Fig. 5 and 
Table 2 show that this is not the case. Also the correlation 
between 1^ and P^ is poor. Fig, 6 and Tabic 2 show a high 
correlation between P^ and Ij,. It therefore can be concluded 
that Ij, has been much more influenced by the changes in the 
level of Pni (and through this the temperature dependent rates 
of the photoenzymes) than it has been influenced by.« (i.e. 
the light dependent initial parts of the light-photosynthesis 
curve). 

Table 3 and 4 show the frequency with v;hich each lake is repre
sented by a certain sequence number in the range of the lakes 
with respect to increasing values of I-̂  and P̂ ', respectively, 
during each of the 11 sampling periods. 

When comparing Table 3 and 4 with Table 1 it-is seen that the 
highest Pn, and IK values are found in the most eutrophic lakes, 
and the lowest P:n and IK are found in the most oligotrophic 
lakes. This is in accordance with other observations. MALONE 
(1971 a,b) also found higher values of pg in eutrophic waters 
which were in an order of magnitude greater than those found 
in oligotrophic surface waters of the subtropical and tropical 
Pacific. A possible explanation for these observations is 
that phytoplankton in oligotrophic waters often are of a smal
ler size than the phytoplankton in eutrophic v;aters, and that 
the halfsaturation constant (kg) for uptake of nutrients in 
large cells is higher than the k^ uptake constant for nanoplank
ton, EPPLEY et al. (1969), TILMAN, and KILHAM (1976) and NY
HOLM (1977). 
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In order to test the influence of the seasons, i.e. changes in 
T and IQ during the 11 weeks on the 3 parameters P®, P^ and Ij, 
average for the 18 lakes, the following null hypothesis was 
stated: The variance between the 11 v/eeks of the photosynthe-
tic parameters P^, P^ and Iĵ  is indistinguishable from the 
error variance. This gave the follov/ing value of F ̂ Q ̂  t 
P̂  = 1.8, PS = 6.0 and IJ, = 11.0. This means that Concerning 
Pg and IK the hypothesis was rejected at the 99% confidence le
vel and may be considered to belong to 11 different groups. 

In order to test the influence of degree of trophy, i.e. the 
18 different lakes on the parameters P^, P^ and I^ the follow
ing null hypothesis was stated: The variance between the 18 
lakes of the photosyntehtic parameters P^, P^ and I^ is indi
stinguishable from the error variance. This gave the follow
ing value of ^iQ_^Yl ' P̂  = 2.0, P,̂  = 5.0 and % = 2.5 . 
This means that only for pg the hypothesis was rejected at the 
99% confidence level. Concerning variations in P^ and IK, 
the 18 lakes therefore may be considered to belong to the same 
body of water, i.e. the influence of the changes in IQ and T 
on P^ and Ij. is stronger than the influence of different degree 
of trophy. (An explanation for this and a reason for using 
grouped data could be that the data presumable are influenced 
by different unpredictible sources of errors). 

In order to investigate the correlations between the photosyn-
thetic parameters and environmental statevariables and forcing 
functions on ungrouped data a simple correlation analysis was 
carried out, i.e. each coefficient has been based on 196 de
grees of freedom. The result of this analysis is shov/n in 
Table 5. From this table it is seen that Pg and IK are strongly 
correlated to the temperature, and that pg and IK are intercor-
related. This is in agreement v/ith the results of the corre
lation analysis on the grouped data shown in Table 2. 

Contrary to the analysis on the grouped data P^ for all data 
pooled shows a strong correlation to P.? . Again it is seen 
that the influence of light on the photosynthetic parameters 
apparently is of minor importance compared to the influence 
of temperature. Also total nitrogen (TN) and total phosphorus 
(TP) are correlated to the photosynthetic parameters. How
ever the importance of these environmental parameters is so
mewhat difficult to interpret, because of their apparently 
random influence on the different photosynthetic'parameters. 

In order to test the relative influence of the changes in the 
forcing functions T and (IQ) and the environmental variables 
TN and TP on the photosynthetic parameters P^, p^ and IK the 
following null hypothesis was stated: For a given parameter 
the variation in time does not exceed the variation in space 
I.e. between the different lakes. This hypothesis was only 
rejected for IK, ( I O ) and T. Concerning pB and pB the va
riance m these parameters in time could not significantly be 
distinguished from the variance in space. 
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As it is seen from the results presented in the present paper 
the variation in P^, pB and I^ is correlated to'irradiance, tem
perature and nutrients in a very complicated way. Therefore, 
predictions of daily phytoplankton production based alone on 
measurements of the state variables chlorophyll-a and nutrients 
and the forcing functions light and temperature will only give 
a rough estimate of the real values. Improvement in the pre-
dictibility of light saturation models do require more intensive 
investigations on the effect of light, temperature, and nutrients 
on the grov7th rate of phytoplankton of different size and species. 
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Figure 1 Seasonal variation of P^ and irradiance average 
for 18 lakes in Jutland. 

Figure 2 Seasonal variation of P^ and irradiance average 
for 18 lakes in Jutland 

Figure 3 Seasonal variation of P^ and temperature average 
for 18 lakes in Jutland. 

Figure 4 Seasonal variation of P^ and temperature average 
for 18 lakes in Jutland. 

Figure 5 Seasonal variation of IK and irradiance average 
for 18 lakes in Jutland. 

Figure 6 Seasonal variation of P^ and IK average 
for 18 lakes in Jutland. 

Figure 7 Seasonal variation of I^ and irradiance as a mean 
of 4 days prior to the collection of the samples. 

Figure 8 The variation in maximum specific growth rate with 
temperature based on different carbon:chl.a ratios 
The estimations are based on equations given by 
EPPLEY, 1972. 
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Table 1 Morphometric and environmental data for each of the 
18 lakes investigated. 

Table 2 Matrix of sample coefficients for the forcing func
tions T, XQ and (loV' ^^^ measured photosynthesis 
parameters P^ and P^/and the derived parameter IK« 
The correlation coefficients are ;based on 11 set 
of data, where each set is a mean of 18 data. 

Table 3 Frequency with which each lake is represented by a 
certain sequence number in the range of lakes with 
respect to increasing values of P§ during each of 
the sampling periods. 

Table 4 Frequency with which each lake is represented by a 
certain sequence number in the range of lakes with 
respect to increasing values of IK during each of 
the sampling periods. 

Table 5 Matrix of simple correlation coefficients for the 
forcing functions T and (l^ . total nitrogen (TN), 
total phosphorus (TP), the measured photosynthesis 
parameters P^ and pg , and the derived parameter IK 
with all data pooled. Each coefficient is based 
on 196 degrees of freedom. 
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Table 1 
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NWJ: or 

THE LAKE 

AIJIIKD 

.nilKEHOHG L. I 

SlLKEf-OHG L. I I 

£lL>T.hORG L. I l l 

TAHGE 11 

/iHHA 

] o V 

0 . 5 3 

1 .14 

3 . 3 3 

i.oe 
1.22 

0 . 6 4 

1 . 5 1 

0 . 4 6 

o.es 
0 . 9 3 

0 . 1 9 

1.44 

1 .24 

4 . 5 1 

0 . 6 0 

1 .47 

0 . 6 0 

0 . 4 2 

MrwJ DEPTH 

a 

1 0 . 4 

4 . 6 

1 4 . 6 

2 . 3 

7 . 0 

6 . 5 

2 . 2 

2 . 6 

2 . 6 

2 . 0 

7 . 1 

3 . 6 

1 . 5 

2 . 5 

3 . 0 

5 . 4 

3 . 0 

4 . 1 

rn&DticTioM 

ni'jC-m'^-yoar 

50 

260 

210 

290 

250 

170 

130 

300 

260 

320 

30 

300 

470 

420 

90 

250 

160 

1 CHUIKOPHVLI,-« 

n^K 

B . 2 

204 

91 

323 

129 

70 

52 

100 

156 

209 

9 . 3 

217 

212 

192 

146 

129 

66 

139 

ug/l 
3)in 

1 .1 

12 

1.1 

33 

2 . 2 

13 

14 

28 

24 

24 

0 

10 

10 

4 1 

7 

13 

6 . 6 

14 

irCiin 

4 . 5 

70 

34 

114 

33 

33 

29 

101 

9 1 

78 

3 , 3 

80 

Bl 

B7 

15 

50 

38 

112 

VCrrAL IJlTlllXiEN 

n.-ix 

0 . 5 2 

3 . 6 0 

1.16 

6 . 5 0 

2 . 1 9 

1 .43 

1 . 4 5 

1 .75 

1 .73 

3 . 4 6 

0 . 2 3 

2 . 6 9 

3 . 7 5 

4 . 3 8 

1 .13 

1 . 3 1 

2 . 1 8 

l.&B 

mg/1 

niln 

O. IB 

0 . 6 0 

0 , 4 3 

0 . 9 4 

I . I B 

0 . 4 2 

0 . 3 0 

0 . 6 5 

0 . 6 2 

l .OB 

0 . 1 0 

1 .24 

1 .00 

0 . 7 6 

0 . 2 5 

0 . 4 2 

0 . 7 3 

0 . 8 4 

rmiin 

0 . 4 2 

1 .79 

0 . 7 2 

1 .97 

1 . 5 5 

0 . 6 1 

0 . 6 9 

1 .24 

1 .09 

1 .83 

0 . 2 0 

1.94 

1 .70 

1 .54 

0 . 4 7 

0 . 8 7 

1 .30 

1 .27 

tr.ax 

0 . 0 3 

0 . 4 3 

0 . 2 3 

0 . 3 4 

0 . 2 8 

0 . 1 2 

0 . 1 2 

0 . 2 3 

0 . 2 8 

0 . 4 2 

0 . 1 1 

0 . 5 9 

0 . 5 0 

0 . 2 9 

0 . 1 2 

0 . 3 0 

0 , 1 0 

0 . 2 2 

ii>g/l 

rnln 

0 , 0 1 

0 , 0 5 

0 , 0 8 

0 . 0 7 

o.co 

0 . 0 6 

0 . 0 4 

0 . 1 5 

0 . 1 0 

0 . 0 4 

0 . 1 1 

0 , 0 2 

0 . 1 2 

c.Qdn 

0 . 1 9 

0 . 1 9 

0 , 2 6 

0 . 1 7 

Table 2 

m 

•o 

<^o) 

T 

.B 

1.00 

K 

n s 
0 . 1 7 

1 . 0 0 

a 
0 . 5 6 

c 
0 . 8 9 

1 . 0 0 

n s 
0 . 0 0 5 

n s 
0 . 4 6 

n s 
0 . 4 4 

1.00 

(̂ o> 

ns ns 
0,005 0.48 

ns c 
0.26 0.93 

ns c 
0,32 0.97 

c ns 
0.84 0.46 

ns 
1.00 0.36 

1.00 

ns 

a 

b 

c 

Not significiant 

Exceeds value expected at the 95% confidence level 

Exceeds value expected at the 99% confidence level 

Exceeds value expected at the 99,9% confidence level 
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Table 3 

Cr:Oi:É.NCE OF 

NAME OF 
THE LAKE 

ALKII. 'D 

P R A S S O 

HALD 

HINGE 

NØRRE.^0 

SALTEH L , 

SALTEH L . 

S I L K E B . 

S I L K E B . 

S I L K E B . 

SLÅEH 

SØNDERSØ 

TANGE 

TAHGE 

THOR 

VED 

VESSØ 

ØRN 

1 

I I 

I 

i r 
I I I 

I 

I I 

^ 2 3 4 5 6 7 B 9 1 0 1 1 12 1 3 1 4 - 1 5 1 6 1 7 1 8 

'3. _? 5) 1 
1 2 1 1 1 

1 1 1 1 

1 1 3 

1 1 1 

1 • 2 • 

2 1 1 

I I 1 2 1 2 

I I I 1 2 

1 2 ' 1 1 1 

1 1 1 1 2 1 

1 1 2 

1 1 1 

1 _ } _ 

2 2 2 

1 1 1 1 1 ' 

1 ' 2 2 1 

1 1 

1 '.V 
1 i 

1 

1 2 ' 

. - --2""T; 

2 1 

1 1 

T a b l e 4 

^SrQUENCE OF 
l i r 

NAME O F 
THE LAKE 

ALMIND 

BRASSØ 

HALD 

HINGE 

NØRUESØ 

SALTEH L. I 

.•GALTEN L. II 

SILKEB, I 

SILKEB . 

SILKEB. 

SLÅEN 

SØNDERSØ 

TANGE 

II 

III 

TANGE 

THOR 

VED 

VESSØ 

ØRN 

I 

II 

!2 

1 

6' _ 1 } 

1 ) 

2 

10 11 12 13 14 15 16 17 

1 

3 

1 

•1 

\ \ 2_ 2_ 1 1 

(i__ ̂  1 1 _12_"^1C~ "C" i ) 

1 1 ~ " - " V 
2 1 

1 3 1, 

1 2 1 
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Table 5 

p^ 

• p ^ 
m 

^K 

<^o> 

T 

TN 

TP 

P^ 

1. 00 

« 

p^ 
m 

0.602° 

1.00 

^K 

ns 
-0.017 

0.599 

1.00 

<^°> 
ns 

-0.009 

ns 
0.118 

b 
0,211 

1.00 

T 

ns 
-0.129 

0.422° 

0.636^ 

0.365° 

1.00 

TN 

0.336° 

a 
0.177 

ns 
-0.062 

-0.177^ 

-0.331° 

1.00 

TP 

ns 
0.132 

0.402 

0.381 

ns 
0.028 

0.275^ 

0.310^ 

1.00 

ns = Not significant 

a = Exceeds value expected at the 95% confidence level 

b = Exceeds value expected at the 99% confidence level 

c = Exceeds value expected at-the 99,9% confidence level 


