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B[IF2,GIH,5*14'&4* !
PG,2!.00%, 2*IC#CON.99IV*I™* D '*-16&'1* 1GR6!12G*12GO*12.80I&6!2G*19 B
|
U92G&DIBE/,01./19D-./+H./-&/," 1, 21F2,GIH,5*IL.2,2*IK,'5!1,"./, 21, /-H./1&9/11,"/,!
*T4* *[1%_D.2*1-.66%+/21*189&+HBIV,0%9./418%2'. 117, OD*0I1&84, *-12&12G*1&2G*12\&!
9&1,2.&PG*$N.99Y/&21G, 7*10*4,, 2+1ICHED2!.0!,44,*/212G,2!8,'./,016D/12 180!, 12$4*1&6!
4&99D2!/R10G&DI-IV*12'* 2%-1 010DG
|

PG*T,849*IC#Cl4™*0*/2*-! ./'P,V9*I"./19D-08*2'.1012G,2!"*69*AGtB4&',9!1&84&/*/2!1&6!
K'&7&!#,$301&9&+$=!)*1&88*/*- 12.8*0!&6!$*,''0D1G!,0D,9?!10*,0&/,92&'18&/2G9$!8*2' 1!
8*,0D*8*/2!,"*1./19D-*-1./12G*!IC#C=!

!

@2/80%23%A22:6#%™280 %
S&&49,/52&/!,"*1,18,./16&1D0!&6!2G.0NCHR&I49,/52&/!,*1./12G*14.7&2,914&0.2.&/1&6!
2',/06*"./+!/D2" */20'12G'&D+GKk M2 2.116&&-\* V@AV &22KB4 7?1 2&k&\/?!12'€4G. 11 D1,-*0]!
ZX,'&IVFICT F(Y'Y]IO,'L Y bXG.1&2*1*¥21,9=I(Y' MWRGDO0!49,$!,/1*00*/2.,91*1&9&+.1,9!'&9*!
\.2G./IF2,GIH,545&&49,/52&/'\G, 7* ¥ &4&'2.&1,998.+G!./-.1,2&'17,9D*12G, 2!1,//&2!\V*!
*/1&84,00*-1V$!4G$2&49,/52&/1&'16.0G!8*2 X A7 2*'1*21 9=T@WHr44*0*/1*2!,9=1(Y""]!
0,'1" bXG.1&2*1*2!,9=I(Y/0*9969&*0!,/-1)&00*22 .2\ (¥, /*22!,/-1#*.0/*'I(YYR [2C/!
,--.2.&/?12G**04&/0*1&6K&49,/52&/!,00%8V9,+*102'D128¥21.101,/'V*IV&2G!2&104*1.6.1!
-.02D'V,/1*0!,/-11G'&/. 111G, /[+*012R2 ,$-*,[-1#& *99.?2I"@ @W]!X ¥/, 9="1"@ @B]'(h'1
XG.1&2*1*21 9=1(YAVO*_D*/29%10*1*1&9&+.1&80*0!&6!" &&49,/52&/./1F2,G!H,5*1,"*I
*T49.1.299%!,/-1.849.1.29812D"*-1./12G*|C#CE!

!

Zooplankton Taxonomy

PG**1 *1&/9%! V&D2!2\*/2$!&'10&!" &&B89&/'2, T \./'F2,G!H,5*1Z).1G,"-0/(Y"@I,'0G,99!
(Y'@NG.1G!8,5*0!04*1.*0!9*7*91.-*/2.6.1,2.&/!'*9,2.7*9$!"68R2", ./*-12, T&/&8.020!&'"!
+*/*2.1.02!DO0./+!'QgU!V,'1&-#=!d*11&/0.-*'12G*!1,'0G,99KY" @"*4&'2!12&!V*12G*1-*6./.2.7*!
2,T&/&8.1!"6**/1*16&'F2,G!H,5*!"&&49,/52&/'D/2.916D'2G*'18&-#G.0!"™*6*"*/1*\,0!DO*-!
2&!-*7*9&41V,0*9./88&49,/52&/18*2'. 101 &*04'*0*/2*-1 .[12G*ICH#TZP ,VI*II*T ,849*16&'K'& 7 &!
#,$[H

|

@+0$%B00(,C6#D(%?,OHB6#3/(
F2,GIH,5*301/,2.7*16.0G!,00%8V9, +*!/819&/+*1*T PER/I/ 2. 7+104*1 *01&11D"*-1 12G*19,5*!
D4&/!,".7,9186!18'8&/10*229%01./12G*18.-I"WY YO=IPG*I#&//*7.99*IXD22G'&, 2!P'&D2?1#&//*7.99
)*-0.-*ILG./*?2118229*-1L1D94./2IF2,G!H,5*L1D94./2IH* 2G*0.-*IXGDV?IF2,GIXGDV?IL4*159*-!
Q,1*?IH&/+/&0%Q,1*21&D/2, ./t G.2*6.0G?!,/-11&D/2, /ILD15*1/&!I9&/+*1*T.021./IF2,GIH,5*=!



PG*/,9&+!F2,G!H,5!6.0G!,00%8V9, +8I/&\I-&8./, 2*-IV$! ./2'&-D1*-104*1.*01./19D-./+IX,'4?!
H,+*8&D2G!#,00?!dG.2*!#,00?!#9, 151#D99G*,-?!1XG,//*9!X,26.0G?!d,99*$*?10&9-6.0G ?!i*99&\!
K*1G?1#9D*I029814#9,15!X",44. *=IPG*16.0G!,00%8V9,+*!./12G*19,5*1.018&02!1*2,./9$1&D2!&6!
V,9,/1*=!

|

d*IG, 7*1./1&'4&" 2%-10%7+ 918*2'. 1012G, 21*69*1212G.0.8V,9,/1*!-."*129$! /-10%7* 91 /- *1 ATHE=!
ON*9915/8\/12G,2149,/52.78'&D016.0G!1,/1,92%1%/2.'*¥19 5*16&&-\*V0I4'.8,' 9$IV$I4™*6+'*/2. 99$!
1&/0D8./+19,'+* V& *-1"&&49,/52&/NG.1G./12D'/14*6*2. 9O$I4*6+ 16%*- [+1&/19,+*']
4G$28&49,/528/)./19D-./+11$,/&AGEREG/-+'+, -1+21 9=1(YY\NA*2 *O1(YY"]IX&9*!,/-Id*. G*!

(Y"A]N, 75/01%21,9=1(Y" 1 21(Y"IV!O&AGH!" @ @ Y] X &&FFH Y " A[=U99!&6!2G*16.0G!04*1.*0!
1D"*/29$!"0.-./+./IF2,G!H,5*!,'*149,/52.7& &DO!,219* 02!-D'./+12G*.'1aD 7*/.9*102,4$0=!
02D-.*0!G, 710G&\/I2G,2!*8&7,91&1"*-D12.&/1&6149,/52.7&'&D016.0G!4&4D9,2.&/0!.84'&7T*0N\, 2*'
_D,9.29/19D-./+!"*-D12.&/1&6!1$,/8& U#0I9* - /+18,/$! *0*,'1G*0,/-! 8,/,+*012&!
'*18&88%/-IV.&8,/.4D9,2.&/1,0 1,19, 2. 7+9$! [T 4*/0. 7*'*8*-$16&'11&/2'&99./+1,9+,91V9&&80!
1884,*-12&1,22*8420! BE&Y*I-', /[ +*I/D2' */211&/2'&9Z) *-*9tH*G'5*!" @ @R]!IX&&5*"@WA]!
<*44*0%/1+21 9=1(YYRIG,-0/(Y"@, [2d*1G, 7*10G&V!2G, 21219% 0 R/*18*2" 17E&8&(),.>2&.$38&64$
J#.:2" LO*-D1*-1IF2,GIH, 5411884, *-12&1&2G*12*84* 2¥19 5*01 /-12G, 21V &-$!9%/+2G0!&6!
"&&49,/528&/1./12G19,5417 '$12*84&,99$! /-104,2.,99$!./1,14,22*/11&/0.02*/21\.2G149,/52.7&™*!

- [+1ZU44%- TI"[=IL*7+ 91&612G* 8&49,/52&/18+2'.101./\ FGBA* |ICHCIZPV9*!"[\.99!
*048&/-12&11G,/+*01./16.0G!,00*8V9, +*11&84&0 20%F1.,99$!.6!,16.0G*.*0IV.&8,/.4D9,2.&/!

1:(/+ (0% 7#*+#C+6+"-%#0%#% @83/"+23%2E%920-0"(,%1"#C+6+"-%
C/-.7.-D,949,/52&/D4*1.*0!,vD/-,/1*0!,/-!,00*8V9,+* 11&84&0.2.&/'7,'.,V.9.2$!./1*,0*0!
-.04'84&'2.&/,99%!12&! & 2A3/88&/9%!8*,0D™*-! */7.'&/8*/2,9 17,'.,V9*(Ol, 01*1&0$02*80*1&8*!
8&"™!1,/-18&™*1&D2! b&6/,9,/1*!,/-ID/02,V9*Z*=+=19&00!&6!-.7*'0.2%$]!./1*,0*-1/D2". &2Q*"!
4&99D2.&/',/-14&99D2,/20]!12'&4G.1!1,092*0P 6 &&-\*VO]1*21HX&22./+G,8!*2!,9=(YYY]!
K2,1/.5!*21,9=1(YYW]!S&G, $! (WE&$8,0!*2!,9=!(Y"WPG*\*3902,V9.0G#%#&4D9,2.&/!
-$/,8.10! 9.2*' 2D"*I0GR2G,2!\.-*9%$!69D12D,2./+!14&4D9,2.&/0+&&-!./-.1, 2&"&6!-.02D'V,/1*!
[-12G,2!,2198M&4D9,2. &*7*9RHT2./12.&/!".05!./1*,0*0N.2GI1™*,0*-17,".,V.9.2$ | Z*=+=!
-*8&+',4G.1102&1G,02.1.2$?!*/7.'&/8*/2,9102&1G,02.1.2$[! ZI*9V&D'/*1,/-1",02./+0! (YYW]!
MD1*2.1G!*2!,9=I(NK88!*2! 9=I"@\WW$!4G$2&H,/-I"&&49,/52&/'12,T,1./'"F2,G'H,5*1&11D"!
,219&\!I VD/-,/1*01 2G 2*1G.+G9%$!7,".,VI*1Z0*9*7 /21).1G,'-0!1.2,2.&/0[=IPG*0*!12,T,!,"*18&"™!
0D01*42.VO*12&!1*T2./12.&/!,/-&**/29$D0*6D9!./-.1,2&'0'84!."*-11&/-.2.&/0=IL*7*' 9!
8*2'.101./'P,VO*I"I"*69*1219&\!2,T,!,\VD/-,/1*! /-17,".,V.9.2$! Z*=+=IXM!8*2I'3ED*12!12G*\199
5/&\12G*&'*2.1,914'*-12.&/@G,2!*T2./12.&/!".Q4*,0* O\.2G!,/1./1*,0*1./12*84&',9!
1&*66.1.*/21&6!7,".,2.&/'.'4&4D9,2.&NBXM[!ZK.88!*2! 9=I"@ @ W[
|
I
(
"H#S%HE&H () #+,5-+%S.#/0+#44H+,$(/$,"01$52343501$%#105+#%3, ($6#5-$7("-6(.-,0&#9
#11(.,96#,8##+3-5#+70#1$0+7'9%0+5%:;<=3/01"#.0#1%).(5.-*>$:,<?>$<@<?A>$
+%$(,"#.18



PG*16&99&\./2/VO*?IP MI* .0&D!4'&4&0*-1IC#C6&"K'&7&!#,8V-! 6D/12.&3,0!, N&'5./+ !
+D.-*9./*16&'1d,0,21G!%'&/2!d,2*'1eD,9.2$!X&D/1.9!"*0* "1 12G*.'11&/2',12&'0G &!,™*!
1&99*12./+!-,21&/'F2,G!H B!



VUHIRT () >+, k-8, /-, —0%1e-+2834+%3/45546 1% %4~ 4 -$- 745" $1463% 7 /4389 = ;<;=63%+ , $" k.~ /k+-643-/4674=>3" 4@ " A% "HSH# Y0 &' (Y0)* &* #B2034.45™" 34— 68 .4-+%3/450620% 1646437404 = ;<;45"64
#9h. - 2618466>6""#/41 THLL@4N/ 32/ CA3N 14" 6 LIDUSNSINLLEN. %/ %E5%DNSH-6 (4 = %3/454F**$2%04" /0463 7%t , /-5%004— 6#IMB 7, - , 2631846832408 = ;<; (& <GEHET -4<URGU3%/+46%1 (¢

&'.*/,0* % 345"#$*4*0%
I"H#$HY%&, O V"= % 1'/2* % 67'08* %
Phytoplankton All Divisions
Jan:
Feb:
March:
April:
May:
I"# S8 June: Decrease
(monthly mean and 90% Cl) July:
Aug:
Sept:
Oct
Nov:
Dec:
Jan: 326 (91; 561)
Feb: 2945 (1,989; 3,900)
March: 7,333 (4,239; 10,427)
April: 10,988 (6,024; 15,952)
May: 75,806 (unk.; 179,259)
June: 93,746 (unk.; 190,318)
&' (HS*+''#-.I$ (cellsL?) $ July: 2,289,270 (597,856;
1 Decrease
(monthly mean and 90% Cl) 3,980,684)
Aug: 606,535 (397,855;
815,215)
Sept: 668,899 (407,730;
930,068)
Oct/Nov: 423,521 (290,408;
556,634)
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Dec: unknown

&OHS*+ #1310 $

Jan:
Feb:
March:
April:
May:
June:
July:
Aug:
Sept:
Oct
Nov:
Dec:

Decrease

&'1+2%#/ /4% L) 12$
(monthly mean and 90% Cl)

Jan:
Feb:
March:
April:
May:
June:
July:
Aug:
Sept:
Oct
Nov:
Dec:

Decrease

3/)2$4/##35+6/$[{08%cell ) B
(monthly mean and 90% Cl)

Jan:
Feb:
March:
April:
May:
June:
July:
Aug:
Sept:

Decrease

11




Oct
Nov:
Dec:

Jan: | Increase
Feb:
March:
April:
May:
3)2$4/##-#)9%!$4'2(/12(fg C cell*) $ June:
(monthly mean and 90% Cl) July:
Aug:
Sept:
Oct
Nov:
Dec:

Jan: | Increase
Feb:
March:
April:

3N)2$IS42(/2( 2S4S, H- 1S $ o
(C/V) (pg € um?) :

July:
0,
(monthly mean and 90% Cl) Aug:

Sept:
Oct
Nov:
Dec:

Taxa Based Diversity'?

Winter | Increase

+4"2/55 Spring:
$seasonal mean and 90% Cl) Summer:
Autumn:

<,/22/55 Winter | Increase/Decrease?’
(seasonal mean and 90% Cl) Spring:




Summer:
Autumn:

<=&%$
(seasonal mean and 90% Cl)

Winter
Spring:
Summer:
Autumn:

Increase/Decrease’’

Division Based Biovolume!!

>9'7'9(+2$*+ ' #- /$1@)2'2" @ (/5
(cells L'Y)

(monthly mean and 90% CI) *

Feb
March
April
May
June
July
Aug
Sept
Oct/Nov

Jan: 0.00

:0.08 (0.00, 0.16)
:0.09 (0.00, 0.18)
:0.09 (0.04, 0.14)
:0.21 (0.00, 0.44)
:0.69 (0.59, 0.79)
:0.87 (0.80, 0.95)
:0.54 (0.46, 0.62)
:0.68 (0.53, 0.83)
:0.14 (0.05, 0.24)
Dec:

Decrease

Jan: 0.08 (0.00, 0.017)

Feb
March

:0.10 (0.00, 0.24)
:0.11 (0.05, 0.18)

April: 0.44 (0.33, 0.54)
>9'7'9(+ 28+ - I$I"# 9" @ (/5 May:0.34(010,058) | .
(cells L'Y) June: 0.22 (0.15, 0.29)
(monthly mean and 90% CI) * July: 0.11 (0.04, 0.19) months
Aug: 0.40 (0.32, 0.49)
Sept: 0.24 (0.13, 0.36)
Oct/Nov: 0.83 (0.73, 0.94)
Dec: unknown
Jan: 0.90 (0.82, 0.99)
>0'2'9(+' 28+ 'H-.[SA)4-+##)9+2" @ (/5 Feb: 0.82 (0.66, 0.98)
(cells L'Y) March: 0.79 (0.69, 0.89) Increase
(monthly mean and 90% CI) ** April: 0.45 (0.34, 0.55)
May: 0.44 (0.18, 0.71)
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June
July

Aug
Sept
Oct/Nov

:0.08 (0.03, 0.13)
:0.01 (0.00, 0.02)
:0.05 (0.03, 0.06)
:0.08 (0.02, 0.14)
:0.02 (0.01, 0.03)

Dec: unknown

Jan

March

:0.01 (0.00, 0.04)
Feb: 0.00
:0.01 (0.00, 0.01)

April: 0.03 (0.01, 0.05)
>9'?'9(+'2%*+','#-./1$'("/9$B+,+5+'25 May: 0.01 (0.01, 0.02)
(cells L'Y) June: 0.01 (0.00, 0.01) Increase
(monthly mean and 90% CI)! July: 0.01 (0.00, 0.01)
Aug: 0.01 (0.00, 0.02)
Sept: 0.00
Oct/Nov: 0.00
Dec: unknown
Division Based Diversity
Winter
>90'?2'9(+'2$!@)2'?" @ (/$& Spring:
(seasoE\aI mear? and 90(% CI))1$$ Summer: Decrease
Autumn:
Winter
>9'2'9(+2$!"#'9'?" @ (/1$&)1)$ Spring: Increase
(seasonal monthly and 90% Cl) Summer:
Autumn:
Winter
>9'?'9(+'2$A)4+##)9+?" @ (/$&) 1)1 Spring: Increase
(seasonal mean and 90% Cl) Summer:
Autumn:
Winter
>09'?2'9(+'2$'("/9$B+,+5+'25$&$L)$ Spring: Increase
(seasonal mean and 90% Cl) Summer:
Autumn:

14



Zooplankton

Assemblage Level Body Size

Winter: 0.66 (0.38, 0.95)!

C/2D("(mm) Spring: 0.68 (0.60, 0.75) Increase
(seasonal mean and 90% Cl)° Summer: 0.77 (0.72, 0.82)
Autumn: 0.89 (0.72, 1.06)
Winter: 0.55
10$#/2D(® Spring: 0.30
(seasona(l) Surrr:megr: 0.15 Decrease
Autumn: 0.18
AE@¥H5 (m TBD™
(seasonal ngn aﬁde)O% Cl) Increase
A+ H#-1S (mm?3) TBD Increase
(seasonal mean and 90% Cl)
"#$%&' (#)*#+#&),-./10123.%
Winter:
A+')55 $mg L? Spring:
(seasonal)meai aid 9)0% s Surrr:me%: Increase
Autumn:
Winter:
A+'.)558mg L1)$0 $ Spring: Decrease
(seasonal) Summer:
Autumn:
Assemblage Level
Growth/Reproduction
S'(12(+)HSFIG("$;) (/'S TBD from Literature*

(seasonal mean and 90% Cl)

?9'E-4(+'2$& @7/ HI/I-124@®
(seasonal mean and 90% Cl)

TBD from Literature*

JKK5?79+2D3$L+6/:=-3$/9
(seasonal mean and 90% CI)$

TBD from Literature*

Assemblage Level Consumption

1#)9)24/$,)(/ $

TBD from Literature*
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(seasonal mean and 90% Cl)

H"E$L+6/$;)208
(seasonal mean and 90% Cl)

TBD from Literature*

L#??@$H//E$2D
(seasonal mean and 90% Cl)

TBD from Literature*

RS’ (H) H+HHRHI2.-)

I+.3/'41# )
0/9(+4)#$3+D9)($'2 TBD from Literature* Decrease
(seasonal mean and 90% Cl)
<54)?/$;/5?'25/ $ TBD from Literature®
(seasonal mean and 90% Cl)
&9)25?)9/24%D TBD from Literature*
(seasonal r)nean)and 90% Cl) Decrease
|@4#'.'9?"'5+5:B/K/25/% TBD from Literature® Decrease
(seasonal mean and 90% Cl)
Assemblage Level Waste/Loss
<D/5(+'2%;)(/ (C, N, P) TBD from Literature*
(seasonal mean and 90% Cl)
H/A)#$>/##(SLIE+.12()(+'2$;)(IC, N, P) TBD from Literature*
(seasonal mean and 90% Cl)
<149/(+'2$;)(/ (NHa, PO4) TBD from Literature*
(seasonal mean and 90% Cl)
Assemblage Level Metabolism
15?2+9)(+'2%;)(/ $ TBD from Literature*
(seasonal mean and 90% Cl)
B+D/5(+Q TBD from Literature*
(seasonal mean and 90% Cl)
%55+.+#) (62 TBD from Literature*
(seasonal mean and 90% Cl)
Diversity?
&)1)$;+4"2/55 6.79 (6.30, 7.29)
Increase
(annual)
&)1)$<,/22/55 0.59 (0.55, 0.64) Increase/Decrease?’
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(annual)

<=&$ 3.18(2.95, 3.40) Increase/Decrease’
(annual)
Group Relative Abundance
Winter: 0.14 (0.05; 0.22)
>9'?'9(+'2%;'(+K/9% Spring: 0.13 (0.09; 0.17)
(seasonal) Summer: 0.10 (.06; 0.14)
Autumn: 0.03 (0.00; 0.06)
Winter: 0.99
>9'?'9(+'2%;'(+K/910 $ Spring: 1.02
((season(al)$ - Summer: 1.00 Decrease
Autumn: 1.62
Winter: 0.27 (0.24; 0.30)
>9'2'9(+'2$!#)E'4/9)$ Spring: 0.33 (0.30; 0.36)
(seasonal) Summer: 0.35 (0.31; 0.39)
Autumn:0.34 (0.29; 0.38)
Winter: 0.20
>0'?'9(+'2$!1#)E'4/9)30 $ Spring: 0.33 Decrease
(seasonal)$ Summer: 0.30
Autumn: 0.30
Winter: 0.15 (0.08; 0.22)
>9"?2'9(+'2$)#)2'+E)$ Spring: 0.10 (0.08; 0.13)
(seasonal) Summer: 0.05 (0.02; 0.07)
Autumn: 0.12 (0.04; 0.21)
Winter: 0.73
>9'?2'9(+'2$N)#)2'+E)$0 $ Spring: 0.91
((seasgnll)$ ) Summer: 1.47 Decrease
Autumn: 0.84
Winter: 0.22 (0.16; 0.28)
>0'2'9(+'2$! @4#'7'+B) Spring: 0.28 (0.23; 0.30)
(seasonal) Summer: 0.32 (0.25; 0.39)
Autumn: 0.29 (0.12; 0.45)
>9?'9(+'2$!@4#'?'+B Winter: 0.42
((seasonal)$ e Spring: 0.29 Decrease
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Summer: 0.58
Autumn: 0.70

Winter: 0.03 (0.00; 0.06)
>9'?'9(+'2$M)9?)4(+4'+£) Spring: 0.01 (0.00; 0.01)
(seasonal) Summer: 0.02 (0.00; 0.03)
Autumn: 0.05 (0.00; 0.10)
Winter: 1.61
> Il?l +l I) 1 . .
9'?'9(+'2$M)9?)4(+4'+H) $ Spring: 4.1 Decrease
(seasonal)$ Summer: 2.15
Autumn: 1.16
Winter: 0.19 (0.13; 0.24)
>9'?'9(+'2$B)?"2+)$53N Spring: 0.16 (0.14; 0.18) Increase
(seasonal) Summer: 0.17 (0.14; 0.19)
Autumn: 0.18 (0.10; 0.26)
Winter: 0.49
>0'?'9(+'2$B)?"2+)$5201$ Spring: 0.49 Decrease
(seasonal)$ Summer: 0.43
Autumn: 0.55
Zooplankton-phytoplankton
relationships
OP>3$9)(tboplankton biomass V;hr:ltr(]er
to phytoplankton biomass) pring: Increase
Summer:
(seasonal mean and 90% Cl)
Autumn:
Non-Molluscan Benthic Diversity
Invertebrates .
Winter:
&)1)$;+4"2/5% Spring: Increase
(seasonal) Summer:
Autumn:
Winter:
&)1)$<,/22/55 Spring:
Increase
(seasonal) Summer:
Autumn:
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Winter:

<=& Spring:
Increase

(seasonal) Summer:

Autumn:

Production
Winter: na
1 * ! . 2 . .

&'()#$*+'.)55 (mg dry weight m™) Spring: na Increase

(seasonal) Summer: 10,546 (

Autumn. 10,961 (

Winter: na

&'()#$*+'.)55%!10% Spring: na
(seasonal) Summer: 0.84 Decrease

Autumn: 0.89

1"+9'2" +2)/$*+')55 Wm‘ter: na
(mg dry weight m?) Spring: na Increase

(seasonal) Summer: 3,304 (

Autumn: 8,827 (

I"+9'2' +2)/$%+' )55  $0 Wm‘ter: na

Spring: na
(seasonal) Decrease

$ Summer: 1.23

Autumn: 1.01

&)2@7?'E+2)/$*+'.)55mg dry weight Vgg:ﬁgr 2:

22 .

(se;:o)nal) Summer: 6975 ( Increase

Autumn: 1372 (

Winter: na

&)2@7?'E+2)/$*+'.)550 Spring: na
(seasonal)$ Summer: 1.23 Decrease

Autumn: 1.03

J#+D'4")/(1$*+'.)55 (mg dry weight m’ Wm‘ter: na
) Spring: na Increase

(seasonal) Summer: 267 (

Autumn: 761 (
J#+D'4")/(/$*+'.)55 10 Winter: na Decrease
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Spring:

na

Summer: 1.28

Autumn: 0.66
Winter: na
I * ! H -2 H .
I'9+1+E$*+'.)58mg dry weight m?) Spring: na Increase
(seasonal) Summer: na
Autumn: na
Winter: na
I'9+1+E$*+'.)58V Spring: na
Decrease
(seasonal)$ Summer: na
Autumn: na
Mollusks 53+#-"3%9
=)(+,/$D)5(9'?'E$9+4"2/55$ Autumn: 2 Increase
Q2,)5+,/$D)5(9'?'E$9+4"2865% Autumn: 0 Maintain
>-#.'2)(/$9+4"2/55% Autumn: 2 Increase
=2 R-#.2)(/1$9+4"2/55% Autumn: 0 Increase
=)(+,/$*+,)#,/$9+4"2/55$ Autumn: 0 Increase
Q2,)5+,/$*+,)#,/$9+4"2865% Autumn: 1 Decrease
Fishes 7.4/323.9)
A+'#D+4)#SI'2E+(+'2$FSE/1 TBD
Increase
(seasonal)$
Diversity
"2'9(+'2$7? ' 3
>0'?'9(+'2$7#)2S(+,'9/$() 13$ TBD Decrease
(yearly)
>9'?'9(+'2$?+54+,'9/$() H$ TBD?
Increase
(yearly)
1 ] * n 3
>9'?'9(+'2$*/2("+4$() 1B TBD Decrease
(yearly)
l?l 1 3
>9'?'9(+'2$+2,)5+,/$() 156 TBD Decrease
(yearly)
Abundance’
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Submerged Aquatic >9'?'9(+'2$5":5(9)(/$4"/ o TBD Increase
Vegetation —— lyearly)
Diversity
&)1)$;+4"2/5%% TBD
Increase
(yearly)

" More data needed to reduce variability estimates

2 Taxa diversity metrics S, E, and ENT use annual value because there were no significant differences between seasons using
bootstrapped (N = 500) mean and 90% ClIs.

3 Consultation with UDWR fisheries biologists needed for metric values

4 Metric values need to be determined from literature and then confirmed with Utah Lake empirical values

> Zooplankton body lengths and CV metrics derived from Richards 2019 literature review and need to be confirmed with empirical
data from future samples.

¢ Further refinements and justification of seasonal body length sub- metrics are in Appendix 1.

7 Collaborative research needs to be initiated asap to estimate SAV metrics at all three locations

$ Temperature data to be acquired from UDWQ Utah Lake database

? Data to be compiled from WFWQC and UDWQ Utah Lake database

19To be determined empirically

' Monthly means and 90% CIs based on lake wide values for 2017 only. Need to compile data from WFWQC and UDWQ and re
analyzed

12 A DNA based measure of toxin level detection is suggested

I3 ENT = effective number of taxa = exponentiated Shannon Diversity Index (H) (Jost 2006; Chao et al. 2010)

15 Phytoplankton taxa diversity metric means and 90% CI values will be derived from UDWQ database from Rushforth Phycology
and after taxonomic status and synonymies are accounted and adjusted for (see Richards 2018b for taxonomic updates).

16 Utah Lake mollusk diversity metric values derived from Richards 2017 and unpublished data

7Evenness and ENT may either increase or decrease with changes in conditions and need to be evaluated based on baseline values
(Cao and Hawkins 2019)
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Discussion

This is a provisional MIBI illustrating metrics specific to Provo Bay but will include Goshen Bay
and Utah Lake proper metric values (presently being populated). More literature review, data
compilation, and consultation with fisheries biologist and other Utah Lake researchers will be
essential to modify, evaluate, and complete it. Once metric values are populated for each
location, researchers and managers will be able to confidently evaluate changes to the biological
and ecological condition of Utah Lake as opposed to depending on professional judgment or
highly simplified indices comprised of only a few easy to measure generalized metrics. Utah
Lake is a unique body of water in the western USA with a remnant unique native biota that
deserves our best efforts to assess and then monitor its present state. It is our responsibility to
maintain and improve Utah Lake’s condition and protect its biological and ecological integrity,
including its beneficial uses for this and future generations.
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Body lengths of zooplankton are a widely used metric for evaluating conditions in lakes.
Zooplankton body lengths typically decrease with increased; temperature, eutrophication,
DIN:DP ratio, pollutants, fish predation, and interactions between these factors (Havens and
Hanazato 1993; Havens et al. 2015; Havens and Beaver 2011;Trommer and Stibor 2019; Barnett
and Beisner 2007; Gliwicz and Lampert 1990; Richman and Dodson 1983; Gillooly and Stanley
2000; others). Body size is extremely important in algal bloom dynamics because larger sized
zooplankton are often better at feeding on larger strands of algal particularly cyanobacteria,
therefore the loss of larger sized zooplankton may result in cyanoHABs (Carpenter and Kitchell
1988; Caroni 2010; Jeppesen et al. 2011; Attayde and Bozelli 1998 ; Carpenter et al. 1985;
Jeppeson et al 2000; Jeppesen et al 2003; Lamper et al 1986; Gannon and Stemberger 1978;
others). Richards (2019a) is developing a multi-metric index of biological integrity to monitor
water quality in Utah Lake and Farmington Bay using zooplankton body length as an important
metric.

40



Even though water quality managers are very concerned about cyanoHABs in Utah Lake, there
have been no estimates of zooplankton body length spatial and temporal patterns in in Utah
Lake, despite their well-known importance as a metric for monitoring water quality. We have
remedied this situation by conducting statistical analyses on spatial and temporal patterns of
zooplankton body lengths in Utah Lake with results presented in this memo and Richards (2019a
in progress).

*.$,02 )

We used zooplankton data collected from Wasatch Front Water Quality Council and OreoHelix
Consulting over the last several years as was presented in Richards 2019b. We then determined
sample weighted zooplankton body lengths based on abundance data and lengths reported in
Richards (2109b). We then conducted best-fit regression analyses, marginal analyses, and
predicted mean and 95% CI body lengths for each location and month in Utah Lake.

3'21(.2

Zooplankton body lengths significantly varied spatially and temporally in Utah Lake with a
relatively small to medium- small mean length = 0.85 mm (std. dev. = 0.19). Overall, body
lengths were smallest from March through August and mostly significantly smaller than the
mean (Figure 1). Body lengths were also significantly smaller than average in Provo Bay, Lindon

Marina, and Utah Lake State Park Marina and significantly larger than average in the mid
sections of the lake (labeled LP) (Figure 2).

Seasonal Changes in Zooplankton Body Lenghts
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Zooplankton body lengths were relatively uniformly small in Lindon Marina throughout the
seasons (Figure 3) but significantly smaller than average in Provo Bay in March and April
(Figure 4) and smaller than average from May to August at Utah Lake State Park Marina (
Figure 5).
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Lindon Marina Zooplankton Body Lengths
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Provo Bay Zooplankton Body Lengths
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Utah Lake State Park Zooplankton Body Lengths
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Results presented in this memo show that zooplankton body lengths were relatively small
compared to other temperate lakes (see References) and are a highly useful metric for monitoring
water quality in Utah Lake. Body lengths significantly varied spatially and temporally. We
suggest that other than the typical seasonal progression of zooplankton assemblages, was also
due to the effects of planktivorous fish predation. Body lengths were typically smallest from
spring through summer when fish are most actively feeding and when water clarity was often the
best for visual planktivore feeding. The reason zooplankton body size was smallest in Provo Bay
compared to most other sites was likely because this bay has the greatest planktivorous fish
densities in the entire lake. Planktivorous fish prefer larger sized zooplankton.

2019 was a relatively high-water year in Utah Lake that resulted in a highly successful carp
spawn and subsequently a boom in YOY juvenile carp production (Richards personal
observation). Planktivorous juvenile carp require substantially more energy/individual body mass
during growth than do larger adult carp maintaining body mass, thus zooplankton consumption
rates should be higher in 2019 and subsequent years until the 2019 carp age class reaches
adulthood than in previous less successful spawn years. Other planktivorous fish in the lake may
have also produced more YOY than previous years. This phenomenon may alter zooplankton
biomass and assemblage structure and requires careful monitoring.

Increased body sizes in late summer reported here were possibly due to increased algal bloom

induced turbidity in mid-summer, which reduced visual ability of planktivores to find larger
zooplankton, and subsequently allowed larger zooplankton such as !"#$%&" sp. to be able to
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consume larger sized phytoplankton, which then was partially responsible for decreased algal
blooms in late summer/early autumn (Carpenter 1988; Chislock et al. 2019; Richards 2019b).
Other causal factors for reduced zooplankton body size in Utah Lake are under investigation,
including relationships between zooplankton body size and phytoplankton traits, pollution
effects, and temperature effects. Results of these analyses will be directly applicable to the MIBI
that is being produced by Richards (2019a).
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