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e Long-term trend analysis of annual loading
above fall line

* Long-term trend analysis for observations

 Correlation analysis of phytoplankton with
respect to TN, TP, and environmental variables




e Examine if there are any long-term nutrient
loading changes

e Examine whether resulting in change of
phytoplankton, N:P ratio, species compositions,
and abundance




« U.S. Geological Survey’s
River Input Monitoring
program (1995-2010)

e Trend

— The slope of the TN is not

statistically significant
(p=0.36)

slope of TP is statistically
significant (p=0.06), the R?
Is fairly small, explaining
only 13% of the variance

significant change in the
ratio of TP:TN (p<0.001)
and the R?is larger (>0.5)
« Potential nitrogen
limitation for
phytoplankton growth
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Consider influence of annual and seasonal
variations on trend analysis
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Where

dependent water quality variable,
the regression coefficients,

time, and

residuals.




TN (mg N/L)

=
o
=
£
P
o
[

Chl-a (ugiL)

135

1.0

0.3

4XH]

Trend ling (mg MiL-yrk = -0.0035
SIS.EFF. o Trend (Ine = 0.0041 ]
Crverall corralatlon coelliclent {Rp=0.428 |

1991
0.25

1902

1993

1984 1945 1006 1097 1988 194D 2000 2001 2002 2003 2004 2005 I006 2007 2008 2000 210 20

0.2

013

010

0.05

0.0]

1 1 1 ] 1 L] L] 1 1 1 L] 1 1 1 1 1 T 1
Trend llne (g PILT) = 00024

SId.Err. of Trand [Ine = D005 T

: Trend is statisticallysignificant decline (P<0.00 3" esitioneostebritm =e.szz

1541
123

18492

1993

1995 1996 1597 1958 1999 2000 2001 2002 2003 2004 2005 2008 2007 2003 2000 IO A

100

1291

1902

S TR PR ol

1993

el ' ' i ' ; : Trand line fug Chis/lyr) = 0.1187

SICLErT of Trend lne = 02847 7
Cverall carralatlan coelllclent {Rp=0.637 |

Trend is not statistically significant

-llﬁ.lf.| 1 LAed} 1 L e "sl =ng L - | =1 s 1
1934 1995 1996 1997 1985 1949 2000 2001 2002 2003 2004 2003 2006 2007 2003 2009 2010 2011

Trend Analysis for Station TF5.5




o
=
E
=
o
E
o
ks
=
=

Viater Temperature {deg C)

fa

g

4.5

30

15

00

LN L]

L R Sy m= 2

1= L

Trend ling (mg Sitleyr] = -0.0260
SIH.Err. &l Trehd lne = 002472 7
Lol earrelation eoelicicnt (A =0.608 J

Alatn

1991
||

1992

10403

1954

1995

19565

19497

1998 1999 2000 2001

0z 2003 2004 2003 2006 2007 2008 003 2010 20

q

Trend s statistically/significant

" Trand |Ine [me irmg Peyr] = 0.2360
Eid.Err. of Trend lina = 0.0£01 7
Qvenll earrelatian eoelMicianl (Ay=0481 J

1951
40

1992

1003

1994

1995

195G

18497

1998 1999 2000 2001

2002 2002 2004 20035

2006 2007 2008 A03 2010 20

L]
.
d

1

z chverall correlatian coeMici2nl (R)y=0.574

Trelid line [deg CAL4T) =0.0328
Sid.Err. of Trand lina = 0.0215 1

1901

1092

19493

1994

1095

19596

1997

1908 1999 2000 2001
Trend Analysis for Station TF5.5

2002 2002 2004 200F 2005 2007 2002 A009 2010 2011




TN {mg N/L)

TP {mg FiL)

Chl-a jug/L)

2.3

’ ) ' ' ' ' ’ ' ' ' ' ' ' ' ' Trend ling (ma Mikeyr) = -89 028
B Std.Err. al Trerd |ine = 0.0040 7
200 . 8 Gverall correlalien cecfficient (R) = 0652
ool ; : ; i : ; i : ; i : ; . : ; . : ; .
'1'!_991 1062 199‘:-3 i 1094  qoas 199G 1?9? 1908 1992 A00 2007 2002 X003 2004 A00% 2006 Z00F 2008 2000 2010 201
uIEJ T T T T T T T T T T T T T T T T T T T
: Trend Hne (mg BIL-yr) = -0.0009
- . . e . . - . Std.Err. of Trend line = 0.0004 T
oz} Trend is statisticallysignificant decling (P<0.013) sverai cartaton costeint z = 0215
- L M i -
o1slt Lt .
| .lI
L oty e
0.05| =
.40 L M L L L M L L L L L M L M L L M L L M
1831 1997 1983 1884 1985 198§ 1997 199 1885 2000 700 2003 2003 700M 2005 2006 2007 R00E  T009 2040 2011
e Tl
' ' ' ' ' ' ' ' ' i ' ' ' ' Trand lins {ug Chl-aiLyr] = -0.2665
B Etd Err. Al Trarmd [Ine md. 1035 7
4BL e Gwarell correlallen coefflclant (R = 0546 J
sl Trend is statisticallysignificant decline (P<0.01/ decrease 4 ug/L/16-yr) |
24
12
(] =t 3=y o m , wm . ) ) ) L ) L= . ) 2 L
1991 1992 4993 1994 1095 4995 19097 998 1990 MO0 2004 B2 2003 2004 X055 2006 A00F 2008 2000 2040 2041

Trend Analysis for Station RETS.2




Tretd e {My 8UL4r = 0.0930
Std.Err. 2f Trerd line = 0.017F 7
Duarall eorralailen ceaffle et (R = 0.521

Si {mgfL)

1082 1993 1904 1995 199G 1997 1092 1000 2000 2001 2002 2003 2004 2003 2006 2007 2003 2000 2010 2001

" Trend lime [rag Mime P4y = 00124
Std_Err. 2f Trerd line = 005440 7
Duarall orralallon coafflelrt () = 0496

Not statisticallysignificant decline

o
[+1]
E
=
=
o
E
!
o
.
=
=

1982 1993 1994 1985 1095 1997 1993 1909 2000 2001 2002 2003 2004 2005 2006 2007 2008 2000 2010 2011

Trend line l:flJeg -::rl_-g,'.-r] =-0.00mM
StdErr. of Trord line = 0.0270 7
Cuerall correlallen coelllelant (R)] = 0478

"

£

1992 1993 1994 19%7 1996 1397 1995 1999 2000 2001 2002 2003 2004 2005 ZDDE  200F 2008 2009 2010 2011
Trend Analysis for Station RETS.2

Water Temperature {deg C)




Prytaplanktan Dens iy
[#L)

Digtam De sty
ol lalal)

% ol tolal)

o
=
ik
a
=
E
=
Lk
=
T
5]
(=
=
P
i

Chlarg 1% Densh
mpﬁ total) .

Fleaplankian Dehs)
rfl,-'; al tetaly Iy

-l

(=]
-
(=]

-
=]
[

ey
=]
=]

e
-
—~

s
(=]
m

oty
(=]
[

=3
g_-.

-
g_-.

-
g_z

g_z

no appdrent trend in phytoplankton density or cellcounts

1882 1993 1BBJ 1883 1BB4 1597 4BBE 1399 F00D 2001 200D 2003 2004 2005 2006 2007 200D 20DOR 2010

c B &3 8

slight degcrease in diatoms?

o 8 238

o 8 EZ B

.l.,__.-- L o i il - ey - b o

o B EZ B

1856 1997 1998 1900 2000 2001 2002 200G 2004 2005 Z006 2007 2008 2008 20 2011

L YN
_'“" "ll“u“L'l‘}‘~"1ln ,H‘[ I

1982 1993 1984 1995 1906 1957 1005 1600 2000 2001 2002 2003 2004 2005 2006 2007 2008 2000 2010 2044
Phytoplankton Densities. for Station TFS.5 Feayivhie

Courtesy of Howard Marshall and Todd Edgerton



Fh lan kten Carben
:.'tnp[ug CiLy

1982 1993 1994 1986 18997 1883 1888’ 2000 TOOM 2007 2003

Diatem Carban
[% &l iakal)

light decrease in diatdms
1992 1993 1994 1995 1998 1907 140 1909 2000 2001 2002 2003 2004 2005 2006

=
£
8z
&5
53
&
g
L+

uEI1 1992 199@- 1804 1893 1906 1913?' '11393 1999 ZBM 2001 2002 ZDD@ 2004 25 06 200F 2008 2008 2010 2011

‘ slightincregse i chlorohy s ‘» l |
L A4 r ¥ ﬂ*'*“"r'l l‘ : S ' h‘u‘ , , 1‘ ,

DEH 1952 1503 410B4 1085 1986 1987 1963 1999 2000 2004 2002 2003 2004 AMIS HOE 2007 200 2005 2010 2011

Chieraphyte Carkan
¢+,a"a?§t§mu|.

&0
&0
40
20

oL, . i J{ . = . ol e | W B sl A A A

1991 1992 1953 199 1895 1996 1947 1993 1993 2000 2004 2002 2003 2004 A0S Q06 2Q0F 3003 2009 2M0 2011
Phytoplankton Dedsities for Statien TFE.S YeRr P

(3 al tetai]

Dinaflagellate Carkan




* The purpose was to determine if the observed
data would lend themselves to predicting
chlorophyll biomass using an empirical
modeling approach

e Using “raw data” from 1995-2010

* Using “binned” or monthly averaged data
from 1995-2010
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Figure 42. Regression Analysis Results for Chlorophyll-a versus TN for Station TF5.5
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Figure 43. Regression Analysis Results for Chlorophyll-a versus TP for Station TEF5.5
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Figure 44. Regression Analysis Results for Chiorophyil-a versus Water Temperature (WTEMP) for Station TF5.5
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Figure 45. Regression Analysis Results for Chlorophyll-a versus Log10 Transformed 10-day Averaged Freshwater Flow (Q10) for Station TF5.5
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Figure 46. Multiple Linear Regression Analysis Results for Chlorophyll-a versus TN, TP, WTEMP, and Q10 for Station TF5.5 — Raw Data



Regression Based on TN, TP, Water Temp, Q1¢

slope Temp=1.028
slope Q10=-27.976
slope TN=-6.405
slope TP=37.043
inter=110.396
corr=0.969

—
|
—
(=]
=]
3
o
Ly
=
(&)
o
Q
e
o
o
(3]
S
o

Predicted Chl-a (ug/L)

30 45 90 120

Observed Chl-a (ug/L) Observed Chl-a (ug/L)

Figure 47. Multiple Linear Regression Analysis Results for Chlorophyll-a versus TN, TP, WTEMP, and Q10 for Station TF5.5 - Monthly-
Averaged Data




Loading of TP decrease above fall line was statistically
significant, which results in an increase of TN:TP.

There were no significant trends in TN concentration. TP
concentrations declined significantly in the tidal fresh,
mesohaline, and polyhaline regions of the river.

Chlorophyll declined in the mesohaline.

Regression models performed poorly in predicting the
raw chlorophyll data

The construction of an empirically based model to
predict chlorophyll concentrations in the tidal James
River is not feasible.




