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Introduction

Samples· were collected to determine phytoplankton biomass concentrations

in shelf water from Long Island to Nova Scotia. Water was collected at 92

stations sampled during the Wieczno 80-02 survey from 20 February to 10 March

1980 (Figure 1).

Methods

Water was generally collected from the surface, 5, 10, 15, 20, 25, 30,

35, 50, and 75 meters and bottom if the bottom depth was less than 75 meters.

After collection, water was serially filtered through a 20 um Nitex filter

and a 0.7 um mesh GF/F glass fiber filter to fractionate the phytoplankton

samples into netp1ankton and nannoplankton size classes. By definition,

netplankton are retained on the 20 um mesh; nannoplankton pass through the

20 um mesh and are retained on the 0.7 um mesh glass fiber filter. After

water passed through both filters, netphytop1ankton and nannophytoplankton

with their respective filters were ground in 90% acetone to break cells and

release chlorophyll into solution. Samples were then centrifuged. The

fluorescence of the resulting chlorophyll extract before and after acidification

was measured and recorded.

The concentration of chlorophyll ~ and phaeophytin ~ in netphytop1ankton

and nannophytop1ankton size fractions for each sampling depth was calculated

using equations and computer programs described by Evans and O'Reilly (1980).

The "total" chlorophyll ~ and phaeophytin ~ estimates are derived by adding

the concentrations of these pigments measured in netphytop1ankton and nanno­

phytoplankton fractions at each sampling depth. An average concentration of

chlorophyll ~ at each station was computed by arithmetically integrating

pigment concentrations over depth and then dividing the integral by the

deepest sampling depth.
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The percentage of biomass due to nannoplankton was calculated to determine

the size fraction that was the major biomass contributor throughout the water

column. The average chlorophyll (mg m-3) found in the nannoplankton fraction

was divided by the average total chlorophyll ~ (mg m- 3) for each station

and multiplied by 100.

Results and Discussion

The distribution of average total chlorophyll ~ (mg m- 3) and percentage

nannoplankton measured during the Wietzno 80-02 survey are presented in

Figures 2 and 3. Pigment data (chlorophyll ~' phaeophytin ~' and Fo/Fa)

are presented by station and depth in Table 1. Water column averages

(chlorophyll ~ and phaeophytin ~) are presented in Table 2.

Average·waterc61umn chlorophyll a. Between February 20-March 10, 1980

the highest average water column concentrations of biomass were found at the

center of Georges Bank, southeast of Nantucket Shoals, and south of the

mouth of Block Island Sound, 8.5 mgCh1~ m-3, 7.3 mgChl~ m-3, and 6.3 mgCh1~ m-3,

respectively. Elevated concentrations were also found in Massachusetts Bay

(4.7 mgCh1~ m-3). The lowest concentrations of chlorophyll (0.2-0.4 mgCh1~m-3)

were found in the northern part of the Gulf of Maine, and at stations sampled

at the southern edge of Georges Bank near the 200 meter isobath (Figure 2).

The distribution of phytoplankton biomass on Georges Bank formed a

pattern consistent with the pattern found during most surveys over Georges

Bank. Biomass concentrations were highest over central and shoal areas of

the Bank where bottom depth was less than 60 meters (Figure 2). Concentrations

decreased north and south from the center to the periphery of the Bank where

they were the lowest (northern edge - 0.7 mgCh1~m-3, southern edge ­

0.7mgCh1~ m- 3). The eastern part of the Bank was not sampled.
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The bionass concentrations west of Georges Bank, south of Cape Cod,

also decrease from the shore to the edge of the shelf with the exception

of areas adjacent to Narragansett Bay and Long Island where biomass was

lower than surrounding water.

In general, during the late winter period sampled during the Wieczno

survey, an inverse relationship existed between average water column

concentration of chlorophyll a and depth at stations where bottom was less

than 75 meters (Figure 4). In the deeper water (bottom depth >75 meters),

chlorophyll concentrations in the upper 75 meters averaged ar.ound 0.5 mg m-3

regardless of depth. Steemann-Nie1sen (1962) and Takahashi and Parsons

(1972) have proposed a theoretical maximum standing stock of chlorophyll a

of 300 mg m- 2 for natural oceanic environments. integrated chlorophyll a

concentrations (upper 75 meters) exceeded 200 mg chlorophyll ~ m-2 at

stations 23, 24, 27 off Cape Cod and at station 50 on Georges Bank, and

at station 87 off eastern tip of Long Island, New York (Figure 1). On

Georges Bank at station 50, integrated standing stocks ~f chlorophyll a

were 246 mg m-2.

Relative abundance of netphytop1ankton and nannophytop1ankton.

Netphytop1ankton were the dominant phytoplankton in the water column in

greater than one-half of the area sampled. They were extremely dominant

in relatively shallow water nearshore north of Cape Cod, at the mouth of

Long Island Sound, and in the center of the western part of Georges Bank,

accounting for 95, 92, and 92% of the average biomass found in the water

column, respectively. These areas of extreme netp1ankton dominance

coincided with areas of highest averaged biomass concentrations and may

•
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reflect those areas that underwent spring bloom of diatoms the earliest

(Figures 2 and 3) (Gieskes and Kraay. 1975).

On Georges Bank. netphytop1ankton were dominant throughout most of

the northern. western. and central parts of the Bank. accounting for 65%

(north) and between 85-92% (west and central) of total biomass. A strong

gradient from netphytop1ankton-dominated (92% netphytop1ankton) to nanno­

phytoplankton-dominated (10% netphytop1ankton) communities existed between

the center of the Bank and the shelf break on the southern flank of the

Bank (Figure 3).

A gradient in community structure similar to that found on southern

Georges Bank was found on the shelf south of Cape Cod and seemed to be a

western extension of Georges Bank. Inshore communities were dominated by

netphytop1ankton (85% netphytop1ankton) ;nannophytop1an kton were domi nant

in deeper water toward the edge of the shelf.

In the Gulf of Maine. the area of strong netphytop1ankton dominance

covered a proportionately less extensive area than on Georges Bank and

was confined to the relatively shallower coastal areas. In the center

of the Gulf. neither netphytop1ankton nor nannophytop1ankton were strongly

dominant.

Extreme dominance by nannophytop1ankton occurred toward the northeast

of the area sampled (near the Bay of Fundy) and coincided with low averaged

biomass concentrations (Figures 2 and 3). Nannophytop1ankton were also

dominant along the southern flank of Georges Bank where total chlorophyll a

concentrations were low.

Vertical distribution of phytoplankton. In two areas sampled on the

Wieczno cruise the center of Georges Bank and the inshore water between
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Cape Ann and the eastern side of Cape Cod in the Gulf of Maine, netphyto­

plankton accounted for at least 90% of the averaged water column community

biomass. Some differences existed between these two netplankton areas

regarding the vertical distribution of netplankton.

In the netphytoplankton-dominated center of Georges Bank, biomass

(total) was evenly distributed throughout the water column, except near

bottom, where biomass concentration was slightly lower than in the upper

water column. Nannophytoplankton were present in lower concentrations

and were also evenly distributed throughout the water column. The

netphytoplankton Fo/Fa (acidification ratio) exceeded 2.0 indicating that

the predominant pigment in this size fraction was chlorophyll ~ rather

than phaeophytin~. In the nannophytoplankton community size fraction,

chlorophyll and phaeophytin were present in approximately equal amounts

(Fo/Fa 1.66). This may be interpreted to mean that nannoplankton were

growing slower than netplankton and/or grazing pressure was greater on

nannophytoplankton than netphytoplankton.

As on Georges Bank, the netphytoplankton was strongly dominant

throughout the water colunn in the inshore community off Massachusetts

and accounted for changes in total biomass, but the vertical distribution

of biomass was different from that on Georges Bank. Biomass was present

in layers of alternating low and high concentrations. Concentrations

in the surface layer were usually relatively low. Layers with elevated

biomass usually began between 15-20 meters and occupied intervals of

10-20 meters. Biomass concentrations on the bottom seemed to be slightly

elevated rather than lower as observed on Georges Bank.
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Spring versus summer. For purposes of comparison, data collected in

June 1980 were examined and compared with data collected on the Wieczno

80-02. In June, the Gulf of Maine community structure was reversed from

that observed in spring. The highest percent nannophytoplankton and

thus the lowest percent netphytoplankton was found inshore where net­

phytoplankton had been strongly dominant the previous spring (Wieczno 80-02)

(c.f. Figures 3, 6). Fo/Fa in the netphytoplankton fraction was also

low indicating that pigments in the net fraction were predominantly

phaeophytin ~ rather than chlorophyll ~. The Fo/Fa of the dominant

nannophytoplankton fraction was relatively higher as was the community

Fo/Fa.

On Georges Bank, netphytoplankton dominated the central areas of

the Bank during both the late winter (Wieczno 80-02) and summer survey

(Delaware 80-03/Evrika 80-04). However, in June, netphytoplankton did

not strongly dominate the central areas of Georges Bank, as they did in

late winter. The gradient in phytoplankton community size-composition

from the central areas to the periphery of Georges Bank was much steeper

in 1ate winter than in June.

On Georges Bank, phytoplankton biomass was homogeneously distributed

throughout the water column during both the late winter and June surveys,

except near the periphery of the Bank during summer. In the Gulf of

Maine, in the upper 75 meters of the water column, phytoplankton biomass

was not vertically stratified during late winter, but was strongly

stratified during the June survey. Generally, in June, biomass

concentrations increased from surface to approximately 20 meters where

the highest chlorophyll concentrations were observed on or in the
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pycnocline. An immediate two-threefold decrease in biomass was found at

the next depth sampled, usually 25-30 meters.
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TABLE 1. Concentrations of netphytoplankton, nannophytoplankton, and

total chlorophyll ~ (mg m-3) and phaeophytin ~ (mg m- 3),

acidification ratios (Fo/Fa), and percentage nannophytoplankton
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h!lPH~lOFLANKTON ~ANNUP~IYT(iPlA~kl(;N Tl T AI PI-IVTCJ.:LANk'TCN X NANJ\rLiFLANKH~J{H.TE: TI ~~ E (ONSEC. SAt-',PLE: i~(;/M3 H(;/M3 HG/t-'3YO ~o DY E.ST STATION DEPTH CHl A PH,6f:O Fn/Flo Cf,L A PHHll Fe IF to CI-L A PrAEC F U/f-- A801 2121 16';5 8 2•• 0.01 O. 0 2.33 0.10 0,02 2.10 () • 1 7 n.Oi? 2.1. S/:.8i?BOI 212\ 1.<;5 B 3" • O. I 1 0,00 2.30 (J • ? 1 o • 11 I. B8 o•.)2 () • 1 t 1.QQ f,S,b2~lJl 21,,1 1655 8 /le. 0,07 0.0 2.33 0,08 0,03 1•• b 0,16 U • (I 3 2. 1 0 Scton801 2121 1.55 B 72. O.O~ 0.0 2.1.18 0.06 0,02 2.0t.l 0,15 0.02 2.?5 /.t/J,OO801 2121 2015 q 1 • n,Op. o• 0 1 2.\2 0.23 o. 11 1.8q (j.31 0.13 1.GliJ 74. t"BOI 2121 2015 q 5 • 0.05 0,00 2.2LJ 0.2':; Il.Oq 1 • Gl6 O.2Q (I. t fI 1.QQ 80.2\AOI 2/21 ?O15 9 10 • 0,03 0.00 2.17 o • 11 C),OS I. q 0 0.11.1 (1,(16 1 • GIS 7~.57eOI 2121 201~ q 15 • O.{Jh 0,01 2.15 () • I " o.nt! I.B2 0.20 0,10 t,Me; 75.00BOI 2121 2015 q 20. O.OB 0,0 2.51.1 0.20 0.08 1. Gl3 0 1 27 O.nH 2.0'; 7/J.0780/ 2/21 ZOl5 9 25. O.OGl o• 0 2.5B 0,1 H (l,10 1.8b ll.27 (" • 10 ? • 01 b6.6780/ 2/21 2015 9 30. O.Ob 0.00 2.24 0.16 0.07 1.9. I) • 22 o• () 7 2.01 72.7.sBOI 2121 2015 q 3S. 0.06 0.00 2.23 0.12 0.01.1 1.97 {l.11:1 O.OS ? • (lIJ 6/;.67~(l/ 2/21 201'> 9 50. 0.(17 o • 0 1 2.1 q (J • 10 0.07 I.el G.tH 0.(17 1. q J 55.56BOI 2121 ?O15 q 7S. [) • 10 0.01 2.22 O.O~ 0.04 I .90 o. 1'=1 (l,ns Z.05 112. 1 1AOI 212< ()14(l 10 1• 0.01 0.08 1.20 U• 0801 2122 () 7/.1 0 10 5. 0.05 ('I.O I 2. I 0 0.17 \). 18 1 • b I.l (1 • 21 o. 1 c; 1.70 tlO.q~flo/ 2122 0740 10 10 • 0.02 0.01 2.()O () • :s 1 (I.ltl t.ea O•.B {'I. 16 1 • 8~ Q3.'iU801 2/22 07t.10 10 15. 0.03 o•0 1 I • c; £t O.Zq O.ltl 1.88 0.32 U.16 1.e.Q QO.63801 2122 0740 I 0 20. 0.07 0.01 2.10 0.10 0.05 I .90 0.17 0.06 I. q6 5B.A2Ani 2122 0700 I 0 25. O. (tfJ o • 0 I 2.00 0.08 0.05 t • ~13 o•12 O.Oh I.Be 6t:.67801 2/22 07t.1o 10 30 • O.Ob 0.01 2.11 o• Jt~ 0.10 1.86 1l.2iJ (] • 1 I I • q 1 7Q. 17801 2122 07af) 10 35. o.O/.l 0.03 1.7e. (1,12 O.Ob 1.8tl 0.1i:- o.OQ 1.8LJ 75.on801 2/22 071.10 10 50. 0.05 o• 0 1 2.10 o • 10 O.OS 1 • Q0 o•1b O.Ob I. qt:: 62.':;0BOI 2122 011.11) 10 7S. 0.05 0.02 2.00 0.22 0.11 I.B8 0.27 O.t 3 1 • q {1 RI. 48AOI 2122 11'>0 11 I • 0.02 o • 0 1 2.0b 0.07 0.26 1 .27 O.Oq (j .;n 1 .3Ll 77.7PoAO/ 21'2 1150 I I S. 0.01 0.00 2.0b (I. 1 t 0.00 l.fl5 () • 1 3 0.07 1 .8., Hil.b?'BOI 2122 1150 1I 10. 0.03 O. 0 t 2.10 0.26 O. 10 1. '1" O.2Q 0.1 (I l. en HQ.bfl
~Ol 2122 1150 11 15. o.o.? 0.00 2.07 0 1 12 O.Oq 1.7tl (l.lL.! O.OC; 1.7Q tl5.71
~Ol 2122 11 ~O 11 20. 0.01 0.00 2.08 n. 17 0.06 2.00 O.If', 0.06 2.00 qLl .tHI
~{J/ 2122 1\'i0 1I 25. 11.01 (l • 0 1 I.tl? l).23 0.13 1.8' o.?u 0.13 I.M5 (fS.R3801 2122 1150 1I 30. 0.02 0.00 2.1'1 (). 1b O.Oq 1.~5 o • 1 '" 0.0'1 t .87 A8.AQAO/ 212< 1150 II 35. 0.01 0.01 I .51 0.14 0.06 1.90 O. 1/J 0.07 1 • P 7 IOO.1l1')AOI 2/2? 1151) II 50. 0.03 o.ao 2.20 0.27 0.15 I.A'5 0.29 II. 15 1 .87 Q3.10801 21c2 1150 11 75. 0.02 0.0(1 2.2£1 0.10 0.07 I • 71~ 0.12 u.O? I • fI Ij 83.3.S
~Ol 2122 1150 12 1• o. 12 0.02 " • 1I li.2H 0.17 t. W3 0.40 ().Iq t • q II 7 (). 00AOI 2/22 17sn 12 5. O.Oq 0.03 2.0? O.jLl ().21 1.82 (r./.J/.l lJ .2 /J I.A5 77.27801 2/22 1750 12 10 • (I. I b (J.O? 2.17 0.2lJ 0.10 1.'12 \l.lJO n. 13 2'.01 60.00'HOI 2/2? 17ljO 12 15. 0.06 0.02 2.03 0.31 0.18 I.B" 0 •.37 o. 1q 1 • R7 8.5.7A

•



~ETPtiYTOFLANKTCN I. AI\d\il JflH 'f rC.PL At>;K TC ~ Tl TAl H"'VH:~I..A'~i'iTrN ~ NANf\.;L,i-'lAN",rCIJO,A H liME. CC'-JSEC, SAMPLE "\(; / I" 3, ~1(;/M3 1>(;/1·' 3
VR MO ~)'( tST 5TATIlJN OE~TH ( hl , PHAfJl FO/f'A ChL A PHAr:O '" r: IF A (I- L , Pt· A~. r fCt/FA
801 2122 17~o 12 20. 0.15 0,02 ? , 18 '1,32 0.15 I .00 (l , /1 '3 0,16 1 , q 7 71 .t 1eO! 2122 1750 12 25. o,or; 0,02 2,01 (), 2 7 O,lb 1,In (), H 0.17 1.86 A7.t nAO! 2/22 17'>0 12 30 • 0,05 0,0 t 2,10 u,37 O,211 1 .80 O,ll2 (J.?S 1 , B3 f:lt!,10801 2122 17"U 12 J5. 0.05 0,02 2,01 C),llq 0.22 1, q 1 {).':ill O,2t.l 1 , q2 QO,711AOI 2122 1750 12 50. 0.07 (1,0 1 2.12 (I,~O O,2b I.EP 1'l,l:i1 0,28 t,BQ 67,72801 2122 1750 12 75 • O,O~ 0,0 t 2, 15 U.32 0,18 1.Bs 0,39 0.1 q l,eQ t:\2.o'5Ani 2/22 2125 1J 1 • 0.20 0.03 2.1 b (), tH! 0.22 1.eB O.I:l~ 0.25 1.05 67,69801 2!22 2125 I J 5 • 0.10 0.02 2.23 0.30 0, t fl 1.80 0.5" o. t q l,ge b':i.LI':5801 21<2 2125 13 10 • Il. 1'1 U,OLl 2.10 0.5Q 0.25 1, q 3 1).7tl V.2Q 1. Q e 77, f:d
~O! 2122 2125 13 15. U,20 o • 0 1 2,21.1 () , '=' u 0, 'SO 1. 8b 0.75 0,31 1 , q 3 72.00801 2122 2125 13 20. 0.21 0.02 2.20 (1.IJ9 0.28 i.BLI 0.7(1 0.30 1.93 "0,00801 2122 2125 13 25. 0.15 o • 0 1 2.2~ 0.63 0.33 I ,e 7 f),7M 0.3 1J 1. 92 1:I1l.17801 2122 2125 13 30 • 0.27 0.04 2. 17 0,6.\ 0,31 l.eo 0.90 O.~/J I.Q6 ., \) • 011
801 2122 2125 13 35. 0,09 (1,01 2,1 b 0,62 0.30 1.eq 0.71 (),31 I.Q2 t:i7.32801 2122 2125 13 50. 0.22 0.02 2,21 0.21J O. 10 l.q2 O.UtI 0.13 2,O/J 5<.U801 2122 2125 13 75. O. I 3 0.02 2,11.1 o•13 0.07 1.84 O.2h 0,10 1.97 C;O.OO801 2123 0735 \4 \ . o. 17 0.03 ·2.12 0.50 o.ze l.e5 0.b7 0.31 I.QO 14.td801 212_1 0735 14 5. O,IS 0,02 2.1/J (I.IJf:) 0.1 q 1• q 3 O.bO U.21 I.qe 7~.h7801 2123 0735 14 ~ . 0.08 o•0 1 2.20 (l.ll] 0.2b 1,82 () , 51 0.27 1.87 MIJ ,31801 2123 0735 14 I •• o•21 0.0£1 2.12 {J,25 0,12 1, p. q O.lJh u. t b I.Q8 s~,35801 212 J 0735 I. 18. 0, 10 0.02 2.13 a,1Q O,Oq 1 • ~ \ 0.29 (/ • I 1 t .97 folts.52801 212\ 07-\5 I. 23. O,I/-l 0.03 2. J3 (1.17 o.oe I,QO 0,315 (1 • 1 t 2.01l 1JP..,7 •ROI 2123 o73~ 14 2e. O. \ I o•0 1 2.20 0.5Q 0.27 1 • Q 0 0,70 O,2f\ I, Qll BIJ.29801 21<3 0735 14 32. 0.07 o•0 1 2.16 0,51 0.27 I. 87 0.,,8 O,2A 1. 90 R7.~1801 2121 0735 I. 4•• f).tll 0.02 2.1Q (1 • /.I 7 0.23 1.8,l3 0."2 0,25 I, qtl 7'>. e I801 2123 0755 I" .~ . I).()IJ 11.00 2.20 0,10 0.08 1.73 O.I/J o.oq 1 ,81 11 • IJ_'
~O! 2/23 11 42 15 \ . 0,17 o • 0 1 2.23 0.57 0,21 1 • q 0 0.11;:. 0.28 1.ljle 7t:,OO
801 2123 1142 15 5. 0.27 0.02 2,23 0,32 1l,1S 1,I1Q (I,Sq 0,16 2.02 5tl.2l.lAni 2/23 1142 15 10. 0.27 O.OLl 2.\7 G.uo O,IQ 1. en U,72 0.23 2.01 b3,tlQ
801 2123 11·2 15 15. O.2 iJ 0.02 2.23 (I • 11 0.08 I,Q2 II , (,l t 0.011 2,Ol:l IJ 1 , Lib
f301 2123 11.2 15 20. 0.12 0.02 2.15 0.31 0.13 1. en (I,/.l1J () • 15 1, qe 1U.u?
801 2123 111.12 15 25, fJ , 1~ () • 0 1 2.22 0.5h 0.2b t • q (I n.71 O,2ft 1,9S 7H,87801 2123 1 t I!C 15 30 • 0.33 O,Ou 2,1Q O,1JQ O. I b 2,00 () • ~ 1 0.20 2.06 hO,1I9
801 2/~3 I11J2 15 35. 0,23 0.03 2,1b O.IJQ O.2l1 1.94 n • 71 I) , 2_~ 2,00 1-19.(11foIOI 2123 11112 15 50, D,C?b 0.02 2,21 0,35 O. I q 1.85 (I./;)I 0.22 t.Q7 57 d8
801 2123 11 1.12 15 75. 0.25 0.02 2,2S O.S7 0.23 t. q5 II • Jol, :~ O.211 2,D2 he. to"'801 2123 ,'i25 I b 1 • U, 1 iJ 0,02 2. I J (l , II q 0,07 1.72 11,23 0,10 l.eH 3G. 1 .5801 2/2~ 1'>2'> 1b 5. o• .\1 o• 0 1 2,27 0,10 () , (l {~ 1 ,91 II • /.11 n.Oh 2.16 21J.39



~~TPHYTCPLANKTUN ~AN~[jPtiYTOPLAN~T[~ l{ TAL Pf-.Y1CFl.UIKTChl • NANNOPL.HiK Tf,N
[)/1 H TJMF r;Ct-lSEC. SAMPLE MG/tl3 PG/Mj MG/I-' 3YR ~(] D¥ [SI 5TATION nfPTH CHL , PHAEO FO/F A CI-'L • PHAF,.{) FC/F A O'L , PI'-Af:l Ffl/F A80/ 2/23 1';25 16 \ 0 • 0.16 0.00 2.30 (I. 1~ o01 0 I.PO (J 05 I 0.10 2.fl() IJ t! 0 3':~80/ 2/23 1525 16 15. 0 0 IIJ 0 00 t 2.20 0.1 S OollLl 2 001'1 °02Q 0 005 2 0 11.1 51.7i:!

~o/ 2123 1525 16 20. O.Ob 0.0 2.33 Oolh nooh 1 0<;15 0 02:5 0 006 2 003 b<1 0 57801 2/23 1525 16 25. 0.16 0.02 2 0 1l\ () 019 oonq 1.88 () • ! c; o. 1 I 2 000 c;iJ 02Q801 2/23 1525 16 30. 0.13 0 002 2.15 iJ 0 1l) 0 0015 2 000 Ool?t1 {I • n7 2.0' 5J. o'/eOI 2/23 1525 \6 35. o • I " 000'1 2 0 10 0.08 O.Ob 1 07S 11.2b 0 0 10 loqb 30.71801 2123 1525 16 50. n• 11 o • 0 1 2.22 0 0 1b 0.\2 1 017 (1027 (10 13 1 • q I "q.?b
~O/ 2123 1525 16 150 o 01" 0.01.1 2.0'5 0 0 1'5 0 006 1.Qb IIo.sO 0.0<; 2 0()1 SUoOO801 2123 lq05 17 1 • 0 007 o•0 1 2.20 0 0 10 0.05 I .87 0,17 0.06 t,qf,l. 5e.H~80/ <123 t lHIS \7 5. OoOb o00 t 2016 O.nq 0 003 I. q6 (J 0 t r; 0001J 2.0J 1'10 000801 2/23 l Q 1.l1j 17 \ 0 • 0 0 13 0.03 2 00f! 0.06 0 003 I 0q 1 0 020 0.06 7.02 30,00HOI 2123 Iq45 17 \ 5 • 0 0 1 I 0.00 2.27 l).15 o. 11 1 • 76 0.2, 0.12 1.91 no.on801 2/23 Iq45 17 20. OoOn 0.00 2.30 f) 008 OoOIJ 1.86 0.\3 OoOIJ 2.01 ,., 1 .51JROI 2123 lq45 \ 7 25. O.OS 0 00 1 2. I q 0005 0.02 1 • qU (J.IO 0.03 2.05 50,00
~Ol 2/23 1 CHI 5 17 30 i 0 .. 11 0.02 2.13 O,nq 0.05 I.etl 0.20 O.()7 1. q 7 1J5 000AO/ 2/23 \.05 17 35. O,Oq 0,03 2.00 O.()IJ 0.03 1 • 7 b 0.13 0.06 1• Q 1 31l.77801 2/23 lqLl5 17 50. 0.10 0,00 2.27 n.tl~ 0.03 1. QO I). 1 ~ u.o! 2. I I ~\3. :BAill 2/23 lqlJ~ 17 75. O./)IJ 0.00 2.22 11.10 n.nS 1.02 Il • 1 t~ U,05 1 • q/:l 11 • jJ 380/ 2/23 23" I ~ I • 0.31 0.03 2.20 O.e7 0.15 1.~6 (J.sq 0.18 ? • 0 I Ll5.76
~Ol 2/23 23,5 I ~ 5. 0.1J3 0,04 2.22 O. ,S3 o. I 0 2.02 0.71'1 0.13 2.13 !~:3 • tI?AO/ 2/23 2155 18 10. o•.S1 0.02 2.21;, O.ILl 0.06 1 • q 0 O,tJlj O.{)~ 2.12 31 • \ I801 2/23 2355 18 1S • 0.1J7 0.02 2.28 0 020 O.Oft I. qs {J.b7 O.(lq 2.1t 2Q.P,'jROI 2123 235, \ ~ 20. 0.25 O.CO 2.31 0.21J O. 10 l.qiJ OoUll f).10 2.10 lJe.qf:(ftOI </23 2355 I" 25. 0.30 0,02 2.25 {J.21 O.O~ 1 • q5 0.57 () • I t 2. 12 .St:. tllJ80/ 2/23 2355 18 30. O.Ub 0.03 2.20 0.15 0.01'1 1.Q7 0.62 O.Ot! 2.16 2lJ.JQeOI 21<3 2355 18 35. 0.33 0.01 2.27 (J.2Ll 0.06 2.08 ooCje 0.07 2 0 1E' 1.11.31:'480/ 2/23 2355 \~ 50. 0.17 0.06 2.00 o•0AnI 2/23 23'>'> \8 15. O. t 7 0,0 1 2.27 o• :S 0 O. 15 I.Bt! O,U7 O. I tl 2.011 td.foI380/ 2/24 031.10 \q I • 1,lJlJ 0.16 2.20 0, HI O.Oq I.A8 I .61 0.25 2.15 to.7A
801 2/24 031.10 1q 5 • 1 • n b 0.22 2.17 {l.IH O.OF I • q° 1 .63 0.30 2. 11~ q.,i;ll
801 2124 0340 I. \ 0 • t.l.I? o• t Ll 2.21 o,.? S 0.13 1.8b lobS 0.26 2. 1/J U.qIJ
flOI iU211 031J0 Iq 15. (I.S~ 0.04 2.23 (J.23 O. I/J I. A3 I).JE- 0.18 2.nf! 2Q./Jq
~o/ ?o/211 03uo Iq 20. I. jq 0.07 2.26 (). C:'b 0.12 1. 'H I. r,5o Otl9 2. t q 15.70.'301 ?/24 O3l!O Iq 25. 0.1J1J u 00 1 2.28 (locB O. 16 1.8Ll 0.72 (I. 1I:! 2.(16 3e.a9IHII 2124 031.10 \. 30. 0.1:\3 0.05 2.25 0 •.51 0.20 1.fl.O 1.13 u.25 2.08 27.a3
~O/ 2/20 03(,10 lq 35. 1.03 0.15 2.2\ 0.28 0.14 t,tle 1 ,q I 0.30 2.15 lQ.bb801 2121.1 03tJO I q 'So. t. ~5 O.2q 2. t 1 O.~3 0.13 t. 84 t 07M (! , (12 2,07 12.02
~Ol 2/24 031.10 lq 75. O.~9 o • I 1 2.20 1I.1~ O. 10 1 0fl,5 1.1K () • 2 1 2 012 It: • 1 0

,



~EIPHYTOPLANKl[N ~. A,.;t.jf ,Ptiy TCPL A1\ 10( TeN 1LI Al pI-<yrr:PLANI<TCN X IJANt>.:(JFLAt\,KTLN
nAn Tlt-4E CCiNSf.C. SAto'PLE- MGn13 I'-i!.;/M3 '~G/~ 3

'" Hll OY EST STATluN Of-PHi CHI. • PHAfl.l FO/FA C~'l A I-'HH.C f CIF A (HI. A pI-Ate Ff.l/f' A
AI')l 2/2~ (lb1J7 20 1 • 0.7(1 o• 0 1 2.30 0.27 0.16 I • ~n O.Q7 (1.17 2.13 27 .P"601 212. (lb07 20 5. O.otl 0.06 2.22 {J. 1 (I o.ou 1•• 3 O.7~ oof 0 2.17 12.1'12
lH11 2/2" Ob47 20 10 • O.be, o•1 1 2.1IJ {).21 O. 1 I 1.86 0.87 (J.22 2.0fl 24.1 4
1:\01 2124 Ohu7 20 15. ll.bb () • 1 1 2.14 0.24 O. II I. q I ().91) O.?2 2.07 2fl.67801 212" Ob47 20 20. o. 1I 0.01 2.27 (1.25 O. 17 1.7Q Oa':if:'l 0.18 2.00 I~ IJ • tJ 0
~Ol 2/iU~ 001.\7 20 25. f).bb 0.01 2.32 (l.2Q o. 13 1.92 o.q~ 0.13 2. I 7 29.~q
"fOI 2124 Ob47 20 30. (l.bb O.Oq 2.17 0.20 0.09 1• q 1 ().HH O.II:! 2.10 22.73
"01 2/21J nb l17 20 35. 0.20 0.03 2.15 (J.28 O. I" 1 • ~8 O.ufl 0.17 1 .91 'J e•3.\801 2/2/J Obu7 20 50. O.lI7 0.05 2.20 0,28 (} • 14 1.88 0.71:] o. 1q 2.05 37. '!.j
801 21211 1)647 20 75. 0.22 (1.0 1 2.26 O.IH 0.07 1.95 (l.3Q (J • I) 8 2.10 Ub. 15
~Ol 2/2" oQU7 21 I • 0.2.3 0.03 2.16 0.1" 0.00 .2.06 0.38 0.07 2. I? 3'1.1J7
801 2/2/J OGltH 21 5. 0.26 0.0 2.B 0.12 0.05 1,qtl I). 5~ 0.05 2,18 31.~i\BOI 212" 09"7 21 10 • O. 17 0.03 2.11 0.17 0.03 2.12 0.34 0.06 2. 11 ~0.00ROI 2120 oQ/J7 21 15. 0.31 0.00 2.17 0.11 0.03 2.12 0.07 i).07 2.15 H: .1'ROI 2120 o<l47 21 20. 0.37 0.06 2.1(1 0.3 () o. 1 1 1.qb O.h7 t1 • 17 2.05 /HI.78
AOI 2/21J 0907 21 25. 0.56 O.Ob 2.1'9 0.13 0.06 1. q:3 O.b9 0.12 2.13 II:!. HI.!
8111 2/2/J 0<;107 21 30. O.IJ,3 0.03 2.25 o. 10 0.05 I. Rq n.~2 0.07 2.16 I r.; • (>:~601 212" oQ/J7 21 35. 0.20 0.02 2.23 o,Oq (J.03 1. qo 0.\3 I).OS 2.1 u 21.2780/ 212. oGlu7 21 so. O.bu 0.0 2.31J l) .17 o.oq I.R6 O. R t (J,Oq 2.20 20.QQ
~Ol 2120 oQ47 21 75. 0.39 0.02 2.25 0.17 0.07 1 • G11.1 O.5~ O.Oq 2. t Q 30.91
801 212" 13"3 22 I • O.2b 0.03 2..17 0.20 (1 • t 2 1 .8" O.1J7 0.15 2.00 02.55
~Ol 2/21~ 1343 22 5. 0.22 0.00 2.30 0.26 o•1 0 l.qb O.IJf\ o • 10 2.0C; 5£1.17801 2/?4 13"3 22 10. 0.87 0.07 2.23 o• u7 O.2~ 1.2tl o.Q/j {!.35 1.q6 7.1Jt:;
eOI 212" 13"3 22 15. 0.52 0.02 2.2(# {).15 O.Oq 1.8e ll.7n o•1 1 2.15 25.71801 2/2" 13"3 22 20. O. ~ I 0.03 2.25 /).1 q (1. 1 I 1.8:3 0.70 0.10 2.10 2101"
~Ol 2/2a 13"3 22 25. O.7u 0.03 2.2" 0.2';; () • 12 1 a q 0 1 a () n 0.15 2.11': 2lj.On
ROI 'l/2/J t3 1J3 22 30. 0.02 0.07 2.11.1 O.~3 O.Oq 1.96 0.6':1 0.16 2.07 3S.3AHOI 2/2tt 13"3 22 35. lJ.Sb 0.05 2.21 0.27 0.12 1.92 O.H3 () .17 2.0<;1 3,.53ROI 2/2/J 13"3 22 50. {).~Q 0.06 2.15 0.24 0.12 1.~q 0.63 v.lB 2.0/J 31;.10RI)I ?/2/J 13"3 22 75. {J.02 0.02 2.28 O.t q o• t 0 2.00 {).71 0. 1 1 2.1 Ll OC.H5
aOI 2na 171/J 2.\ 1 • 2.29 0.23 2.20 0.25 o • 1 I 1. ~H 2.5U 0.35 2. I 1 ~ .tHIRO/ 2/21J 17 t 4 23 5. /.l.lh O.3U 2.23 0.2iJ 0.09 1.9f! /J.1J2 O. 0 :3 2.21 5.1.13
ROI 2/21J 171 " 2J I 0 • 2.Hl 0.06 2.30 0.32 (l • Its l.flq :3.13 O.? 1 2.2a 10.22801 2/2u 171" 23 15. b.be 1.08 ? • 14 O."b 0.10 1.86 e.~1" 1.23 2.12 5.71".
ROI '2120 17 t 4 23 20. tl.IP.:i 0.3" 2.23 0.30 O.~O 1.50 I.l • l/J 0.';;3 2.19 e.33
ROI 212" 171 " 23 25. 0."2 0.0 2.33 ('I. 10 0.07 I.BO ;;.72- II. () 7 2.32 1. (IQ
~()I 2/2/J 17 t 1.1 23 30 • ,.30 0.20 2.2R ().2(1 I) .13 1.79 5. ~I, (l. 3 ~J 2.25 .!.bO
ROI ~/?O 1 11 t.I 23 35. IJ a OJ I 1l.3b 2.23 0.(1) (1'.15 1.7; I~ • 71 l' • 5 1 2.20 ~. (lfJ



~ ET~ltYl(JPLANl<'lCN NAN~(J~fjYTCPlAN~lC~ T[TAL P~Yl[FLAN~T(N 't NAN~·OPLbf\:fo.:rrJN[lATE TIME: CONSEC. S6~PLE HG/~13 MG/~3 liG/t':3
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'" "'0 DV EST :=TATIU!\ nEPT H CHl 0 PHHIJ FrJ/f A tHo 0 I-'~Atu Fr:lf-A Lt-.l. 0 p~- Ate f- [)If A
801 31 6 ob'J2 57 10 • (l.lJ 2 0.03 2.23 O• .5£.1 n. 18 1. ee (). 7 I, 0.21 2.01.1 lJlJ.7lJ
~Ol 31 b Obt.l2 57 23. 0.3, 0.06 2.12 0.21.1 O. 15 I • ~ 1 G.611 0.22 1 • q 7 /J/J.Oq801 31 0 Ob42 57 28. 0.35 0.J2 I.b~ 0.2" O. I I t • q3 O.tlt O.Ll) t .77 t.li.f.?801 31 b /Jb£J2 57 B. 0.5.5 0.07 2. I 7 O.2H O. t t.l I. eq (J. HI u• 21 2.05 3tl.S7
~(I1 31 b 0602 57 47. o•0 I 0.08 2.10 (J.3t.l O. t (I 1. fl6 (1.75 0.26 t.Qfl /J'i.:n801 31 b 0042 57 70. (l • lit {J.()lJ 2.21 {j .21 0.11 1.86 (). h2 n.15 .?Oe 33. e,-'ROI 31 b 1040 58 I • 0.31 II • ('l3 2.20 Q • 0 1 o•21 I • ~ 7 0.73 O.2S 1.QQ St'.lh
~Ol 31 b 1 0 (.I() 5" 4 • O.3Q o.oa 2.20 o• 0801 31 b 1040 58 7. (l.:H 0.02 2.27 u• n801 31 b to/.,lO 5M 11 • 0.35 0.04 2.20 0.51 0.05 2.20 (.1. H7 0.0<1 2.20 5f!.6~AOI 31 6 1040 58 1" • 0.30 0.02 2.25 () • 0/jill 31 b 1040 58 t e• 0.3" O.lJIJ 2. I a () •.30 O.3~ I. 02 O.hl.l O.3!:! 1.83 llt.f.i Ae.OI 31 6 10110 5R 21 • 0.30 0.03 2.22 0.ll3 O.3h I • 72 0.81 0.3<) I.QO 5.5.IJ9fll)l 31 b 10UO 5~ 25. 0.32 () • 0 I ;> .27 o.Il) 0.30 1.78 0.75 0.31 I • q.3 ':17.33HOI JI b 1040 58 35. 0.33 0.03 2.21 O.tJQ 0.18 I.en 0.77 0.22 2. (I 3 57 • I'JA{J I 31 b IOUO 5R 53. O.:B 0.02 2.2£1 0.25 o• I 1 I.en (\.:;,1:\ u.13 z.oe «.5.1°"01 31 b lUllS 5. I • I • 16 0.08 2.2" n.ll7 0.01.1 2.23 I • t13 0.12 2.24 2/;'.A3801 31 0 lUllS 5. ". 1.b1 0.15 2.21 O.iJt> O.2Q I • H I 2. 0 7 O.U3 2.0<1 22.22
~Ol 31 b lUllS 5. •• 1.59 0.20 2.18 () .bu 0.2M 1,88 2 • I/J O.ll? ?OP. 25.?3801 31 6 !/Ju5 5. 13. 1.51 0.22 2.15 O.tJ7 0.23 1.8R 1 • qe U.Ub 2.0~ 23.7lJ801 31 • 1£.145 5. Ie. 1 .51) O.2b 2.13 u.lJq 0.30 1. 82 2.j)lJ O.!itl 2.01.1 2~.02ROI 31 6 l~q5 5q 22. 0.51 0.2q I.es 0.0801 31 6 1045 5. 27. I • M2 0.27 2.15 0.32 0.22 1.78 2.llJ O.tlq ?oe 11.1.<15ROI 31 6 lUllS 5. 31 • 1.5q 0.20 2.11:l (I. III O.2Q 1.77 2.01 o.UQ 2.0' 2U.1.l0MI 31 6 lijIJ5 5. us. I.bb 0.22 2. 17 O.~ij 0.32 1.7b 2.10 O.5l.l 2.0S 21J.QI)
801 31 b 141J5 5. .7. t .76 O.2a 2.1t.l u .:1,'\ 0.(12 2.18 1 • q 1.1 0.30 2.1'i q.2~
~()I 31 b 1"707 60 1• 2.2Q 0.32 2. III 0.27 0.25 I • b 7 2.':)':; O.5fl 2.0e 10.S98(11 31 b 1707 bO 5 • I • I (I 0.03 2.2<1 0.26 0.1 q 1.76 1.35 0.22 2.1 u 14.2"801 31 b 1707 60 10 • 0.02 0.00 2.2tl O.3H O.2~ 1.7ft li.tlO O.2P t .7P Q5.CJO
1301 31 • 17117 60 I" • u.QS 0.15 2. 15 0.24 () • t 7 1.78 I • I. 0 •.51 2.{l~ 2\1.17
801 31 • 17(\7 60 1q • O.btl 0.02 ?.2Q 0.1.10 0.31 1.75 1.{)/J 0.33 2.01 3t'./J1:lRO I 31 b [707 60 2" • 2.5~ 0.23 2.21 (I.'?! o • I /:0 I .77 ".1M (i.3Q 2.16 f .2"7
~Ol ~I b 17 {I 7 60 2•• I .53 0.00 2.27 0.1" n.ltJ 1.70 1 • h~ 0.20 2.18 '1.1.17
801 31 6 t7u7 60 34. 1 .26 0.17 2. I 7 {j. 1 q 0.09 I. qO t./Jr, 0.26 2. I j t.3 .t fI
,'iOI 31 b 1707 bO LJF!. 2.2Q (1.32 2. 10 0.35 0.16 t • Aq 2.61 (].uf'; 2.12 I ~ • t) IJ801 31 6 1707 60 6- 2.LJh 0.30 2.1 P, 0.21 0.12 1.85 2.70 O.tl(l 2.15 .,.'7~
AOI 31 b 2o~2 b I I • I • sQ O. III 2.22 {I. 2. 7 0.21 1.75 1. "'11 O.3~ ?'2 1 ll .52801 31 6 2032 hi 5 • 1 .83 0.26 2. 1 t-. (1 • ? .~ ll.20 I , 7 1 ~ • (II) O.tJ6 2.01: 11.17



~F1PHYTCPLA~KT(N ~ANNUP~YT[PLA~K'O~ Hl At. p""YTrPLANKTCII. ~ NA"'NOPLAN"'Tl i,)DATE rt M~' CfJNSEC. SAMPLE ~i{;/""<J '-IG/Mj ~\b/;"3

YR '" [I II Y EST STATJ[lN OEPTH (tiL A PHAfO FO/FA (:""L A PHAEC FC/FA U'L A PI-AfC '-()/F~
BOI JI 0 2032 b I 10. 1.0J 0.01 2.31 O. I Ii o.2.t1 1.57 '.22 0.25 ?. • 1 t1 1£1.7';801 31 b 21)J2 61 \5. O.7U 0.(1) 2.2L1 o.l~ O. 1 I 1.83 0.Q3 O.ttl 2. \ J ?,O.iJ3ROI JI 6 20!2 b I 20. 1.37 0.12 2.22 (I. I Q O. , ij I. 7b I .55 O.2tl 2.11J 12.?n801 JI 6 21132 b I 25. I.lIQ o • II 2.2/J O. I 7 o;1':i 1.6Q 1. hb 0.26 2. t LJ te.2lJ
~Ol JI b 2032 bl JO. 2.22 o • \2 2.25 O.3':i 0.27 1.75 <.'0 O.LJO 2. I IS I J • 5 1
ROI JI " 20J2 bl 55. \ .6 J 0.21 2. \ 7 O.LJl O.2~ 1.82 2.0':'l 1J.46 2.08 20.(1)ROI JI " 20 :\2 b\ 50. 1.foIO o • \8 2.20 V.31 0.20 I. BiJ '- • 11 C ••~ p; 2.12 I q. h4
801 JI b 2032 b\ 70. 2. tq O.ll7 2.01 o.3 /J 0.21 1.7" :1 • 15 O.qu 2.02 Ill. 7 Q
801 JI b 2JIJ "2 1• I • I 2 (1.15 2. I 7 0 • .51 0.2J I • 70 t.LJ2 0.37 2.()5 21.0 J801 JI b 2J13 b2 5. O.Q7 0.15 2.17 (J.3tl 0.25 1 • 15 I • 3 1 O.3R 2.02 2S.QI)BOI JI b 2J\J b2 10. 0.72 0.07 2.20 (]. 3 1 c).21 1. 7B I. oJ O.?q 2.0LJ JO.IO801 JI " 2J\3 02 \5 • O.8Q 0.07 2.22 0.31 0.25 1.73 1.20 0.32 2.I')Ll 25.1-\3BOI JI b 2J 13 b2 20. O.Q7 O.OS 2.27 0.25 O. 17 1.17 1.22 0.22 2. \2 20.LlQ801 31 b 2313 62 25. Il.bb 0.05 2.23 0.33 0.2J 1.77 O.QQ O.?Fl 2.03 B.J3
-901 JI b <31 J 62 JO. O.~t1 0.05 2.21.1 0.30 0.21 \.bq (\.<.1/.1 0.32 1.QQ '31 • q 1
801 JI 6 HIJ 62 35. 0.62 0.07 2.20 0.24 0.21 1.77 O. Q 1 1).28 2.02 3 t .8 7
~01 JI h 231J 62 50. O.bn 0.00 2.21 0.0AOI 31 I> ?1l3 62 15. (J.L1! 1 • 1 j \ .3, 0.24 o.;» 1 • bI~ 0.70 1.IJO 1.41.1 IJ 1 • 4 ~
~()I 31 1 0305 63 \ . fJ.OCl 0.02 2. " O.l.itl O. \ q 1 • q 3 u.':i':i o • 2 I 1.ge ~J.6'l
80/ JI 7 oJ05 OJ 5 • /l.ot! 0.02 2.00 0.1, O.Qq 1 • 17 f).121 I. 0 1 1.22 71.1J3
ROI JI 7 0305 63 \ 0 • 0.06 o • 0 1 2.07 0.5b 0.32 t.~1.i 0.b2 0.31.1 1.~1:l 90._\2
~Ol 31 7 1l.Hi'; oJ 15 • O.iO (t • 0 1 2.17 0.56 0.3& I • B0 O.otl lJ.37 1 .8/J ~1.I.;i1j
8UI JI 7 OjOS 63 20. 0.1(1 o•0 1 2.17 0.40 0.23 1 .6L1 0.50 0.2£1 1 • II q RO.OO
ROI II 7 0.105 03 25. 0.07 0.01 1 • HPi (l.l.lq 0.36 1.70 O.':iS o.:sq 1 .1 e P,4.0Q
ROI 31 7 0305 oj 30. 0.00 0.02 2.00 o.tl,3 0.28 1.80 o.l.If.\ 0.30 1.82 8q.~M
aOI JI 7 o30S 63 J5. (l.vl.I u • 01 2.12 O.3C? 0.28 1.10 I). !o o.C?q 1.7Ll ee.89
801 31 7 0]05 b3 50. II • {1 , o• 0 1 2.17 0.35 0.27 1.75 (I. tl2 0.28 1.7<1 H3.33
~Ol II 7 oJ05 61 75 • 0.0':1 o•0 1 2.0<1 0.35 o. t q 1.85 O.liO 0.20 l.fl7 tI'1 .1;; 0
801 JI 7 1\ 35 o. I • 0.02 o• 0 I 1 .80 0.03 O.OJ I.btl o.()~ V.Oll 1.7?. 60.{)0
801 31 7 I Ll5 •• •• 0.00 0.00 1 • 72 o. I t O. 10 1.6Q o• t 1 0.10 l.nQ 10u.oo
80./ 31 7 113, b. e• 0.01 0.0 \ 1.75 0.16 (I • Hi 1.70 o • 17 0.15 I • 71 q u. t 2
801 JI 7 II J5 o. 12 • u. U1 o• 0 1 1 .8 (l 0.13 O.Oq 1 .77 O. I £I {J.IO 1.77 Q2.Ab
ROI 31 7 1\ 35 o. lb. l.l • 0 I () • 0 1 1.85 0.22 (1. I b I • 77 r'l.?3 u. I b 1.77 q~.b5
AOI JI 7 IllS 6. 20. 0.01 0.01 l.bU U.13 o.to 1.72 I) • I .3 (I. 1 J 1.7< 10{1.on
ROI 31 7 1135 •• 211 • () • (II o • 0 1 1 • R4 0.19 0.15 1 • 71J \) .co 0.10 I .75 Q5.00
eo/ JI 1 II J5 b4 ? e• 0.01 iJ • 0 1 1 .I,q tl.12 O.Oq 1. 75 II. I 5 o. 10 1. 1~ Q2.31
!'IOI 31 7 l\l5 6. Jq. 0.02 {I • a I 1 • Ii 1 n.1H O. t! 1.76 (1.2(,' (). t 5 1 .76 QC.OI1
AI)l JI 7 1135 6· 5G. 0.01 (I • 0 1 1• Bb (I. 11 0./)1 1 • ~ 0 IJ. l? I) • f'" 1 • ~ n q 1 • h 7



~ETPH¥TOFlANKTCN MAN~IJPH¥TOPlANKTC~ Tf '1 AL flt--YTCFt A~lKT(N , NAt"NOPLAN!': Tf.:NI)ATE. TI t1t: CC>JSEC. ts"'~PLt HGni3 Hli/~5 t11;0"3
YO ",n l)'1' EST STATIO"- £'It-PTH CHl • PHA~f.l HI/F. C':HL • PHAEc: Fe If.' A U-L • pI-Ate ~f]/FA
501 31 7 ISOO bb 1 • 0,06 o I 0 1 2.1 S (1.1 H O.le I. RI l'l.2LJ 0.13 1, 87 75.00801 31 7 1500 bb ., O.OLl o•0 1 1 , '16 (I. 12 Q.I'lQ 1 .75 0.1, {J.IO I. R() 80.00
~Ol 31 7 lS00 bb 0, 0.01:1 l).O2 2.02 (J. 2.~ O.lh 1 .77 f!.31 0.1'1 l.e2 7L1 , lq
801 31 7 lr,OO bb 1l • 0.02 (\ • 0 1 2.00 0.37 1J.2b 1 • 78 o•v,! ().27 1 .7CJ qll.87801 31 7 1500 bb 1~ • 0.0'1 0.02 2.07 p. I q 0.12 1.80 0.28 0.15 1 .87 b7.e~
~Ol 31 7 lS00 6b 22. O.tO (J • CI ? .17 O.2 Q 0.18 1 .81 u.3Q 0.20 I.e~ 7~.36801 31 7 1")00 6. 20, 0.03 (J.02 1 • 81 0.13 0.07 t.~7 0.16 0.(>'1 I.Flh H1 .25ROI II 7 1'500 on 31 , u.o" (1.0 1 2.0'1 0.23 o • 1S 1.1:10 (1,29 O. I b I ,8t.! 7 q • '~ t
F30 I II 7 l~OO 66 .. , O,Ot, 0.02 2.0b n. 10 0.10 l.b8 ().17 o• 11 t. 7, 5H.82
801 II 7 1'5110 bb 6b, o.OlJ o•0 1 2.01 () , 1'j O,llJ 1.70 O.lCJ 0.115 1 • 7lJ H,.QS
801 II 7 17 ~iJ 68 1 , O.lll.l 0.03 1.76 o• il I 0,2'1 1 • 77 0. 11 5 0,32 I • 77 en .1 t
80/ 31 7 17.S. M < (l.loS 0.03 ?.12 o. '3~ 0.2l 1 • 7q O. 1J 7 0.25 1.8l'l 7e.3iJ-,
BOI 51 7 17 54 ~B 10, r),2(J (J.O] ? , 15 u.LJ{) 0,23 t. 84 O.Sq 0.26 1 • q 2 b7.,Q(j
~Ol II 1 17 3tl 68 15, 0.13 0.03 2.06 O,uo 0.31 1.75 O.'5j 0.3/.1 I • p. 0 7';.U7BOI 31 7 In. ~8 ?O. U• 21 0.07 2.00 O.LJ3 0.30 1.78 O.6/J u•.S? I.flu b7.1 Q
80/ " 7 17'!L1 b8 25, O. I 0 (l.GS 2.03 {I.£I0 0.31 1,75 0.5'1 1).36 1. R2 t,7.fl.O
~O/ 31 7 Ill. 6~ lO. 0.17 0.02 2.20 0.32 0.30 I. tJR O,lJq 0.32 1.80 6'::.3180/ 31 7 In. M 35, 0.011 {I. 03 2.00 O.~7 0.18 I • fl, 0 (I • 57 o• 2 t 1.8U 7f?.97AOI 31 7 113.1.1 68 50, 0.115 0.02 t • q fJ o.tq O.lq 1 • b 7 O.21J 0.21 1.70 7G.17801 31 7 Pl. 68 15, o.OIJ 0.02 1 • q £I O.1M 0.13 1.76 O.a (} • 1c; I .70 HI.82
801 II 7 18S8 bO 1 , u.3J o.OLJ 2.17 0.53 0.33 1 .81 0.1-'£1 0.37 1.02 6.! • J I)
HOI 31 7 1858 60 5. o • 11 0.0£1 2. 17 0.50 0.3£.1 1 .7Q 0, HI O.3B I • Q(i "1 .73
801 31 7 1858 60 10 , 0.29 0.06 2.10 0.57 0.35 1 ,82 0.86 O./JI 1.01) bb.?H
801 51 7 18S8 bO 15 • 0.26 (l,OS 2. II IJ .I;i 5 I). J3 1• ~ 1 O.7Q U.38 I.ACJ b7. (1 0
801 31 7 1858 60 20, O.3/J o.oa 2,18 0.57 0.37 1',81 o. q I o• /J I I. q 1 "2.6£.1
801 31 7 18S8 bO 25. 0.20 o.OLJ 2.11 0.57 O.3Q t.7q 0.77 O.tJi? 1./01" 1 tl .0.5BOI 31 7 18S8 60 50. o• 3.~ 0.06 2.13 0.':11.1 1).38 1.78 II • !'\ 7 (I. £J 3 I.p,~ bC:.{l7
ROI .SI 7 1858 ~O 5. , 0.26 0.02 (?21 a./Jo o,t'S I.HI O.tl':;l 0.27 1 .0 l b 1 I ~ IJ
801 31 7 1858 bO .9, () • 17 il.02 2.1b O.?! 0.19 1.72 fJ • ,~o 0.22 I.At 'j"l,50
801 31 7 1858 ~O 7. , o • 16 O.O~ 2.08 o • 21 0.22 1.6S o .l7 0,25 I .7 H 5tJ.7f'!
801 51 7 ;>127 11 1 , 0.l5 (1.08 2.08 O.l.l3 0.28 1.I:!O 0.76 0.35 1 .9 () 5t:.5f'
801 31 1 ;> 1;>7 71 ", O.2Q CI.05 2.12 {).3~ () • 1Q 1.H5 O.b~ 0.25 l.qf; 53.tlc:.;
801 31 7 2127 11 o• O.2Q O.Ob 2.0Q (1.29 O,IA 1 • e 1 0.59 0.25 1 • q 3 IJG.15
801 31 7 2127 71 13, 0.22 0.01.l 2. 13 n.uo 0.25 1 ,8 I (]. (1 1 O,2P 1.90 6':l.S7
801 II 1 2127 71 1e, 0.52 o.Ot:! 2.10 0.07 0.23 I • R1:3 O.4Cl O.2Q i?02 IJ 7. lJ 7
ROI II 7 2121 11 22. O.3~ 0.05 2.17 u.u3 0.26 1.82 0.76 0.31 1.95 Sl;i • 1.\
fHJI II 7 2127 11 27, 0.74 o • 1£! ;>.12 O.I.iQ O.2? I.(n 1.2:5 0.35 2.03 .~ tI. H lJ
801 II 1 2127 11 51 , 0.37 1J.OIJ 2.21 (l.n



~tlPHYTCPLAN~lON ~ANNQPH¥TCPLA~KT('~ It TAL Pf-·YTCFlj\NK1Oi ~ NANNOPLANKTt~·DAlf TIME CONSEC. SAMPLE P-IG/t'\) IAG/t-I3 ~IG It-' J
VR "'0 D¥ EST 8TATION OEPTH (Hl A PHAf:O FO/FA (;~. L A PH~f,C "'l" /F A (t.. t A Pt--Af-C f'(j/F~
801 31 1 2121 71 ~5. 0.2< 0,03 2. I 7 o•.Sf 0.30 1.b7 0.53 0.33 l.e2 .,F.4Q801 31 1 2121 71 .1. l) • IS 0.03 2.12 (1.22 0.1' 1.77 O•.S? O. I Q 1 • fl, fl s<;.u"801 31 7 2310 73 I • 1 .21.1 O.2ll 2. II (l. 1J 3 () • 18 I .93 t.67 O.ll2 2.0t 2').75
~Ol 31 7 2310 73 5 • I • 4~ o. I 5 2.20 0.51 O. II 2.0Q 1.Qi;l (l.2b 2. 17 2t,02801 31 7 2310 n 9. 1 • ~ U 0.2l1 2.11 lJ./J1.I O. HI 1. (U 2.2U O.lJ2 2. I I 1 If • tJlJ801 31 7 2310 n I" • 1.53 O. I 8 2.1Q 0.50 O. 17 2.00 2.03 0.3£1 2.13 24.b3ROI 31 7 2310 n 19 , 1 • 18 0.00 2.32 U.26 O. 10 1. 'HI I.£Ill 0.10 Z.i?lJ 1fl. 0"801 31 7 2310 n 2". 1 • 1H o•11 2.21 ().38 0.22 1.63 1.56 0.3tJ 2.0Q 21.1.36801 31 7 2310 n 2~. 1 .8 U O.Oli 2.29 0.£11.1 0.20 I • q 0 c.~1J 0.25 2.1Q lQ.611801 31 7 2310 n 33, 2.22 o,21 l.21 0.40 0.21 1 .87 2.62 0.42 2.1 tJ 15.27801 31 7 2310 n "I. 1 .112 0.16 2.22 o•31 O. 18 1. f:!tJ 2. t:\ 0.34 2. I" IlJ.55801 31 7 2310 n 61 • 2.bf\: 0,28 2,20 0.31 0.25 1.73 ?.GlQ 0,53 2 .13 1(). YI
~Ol 31 8 0100 15 I • I .2" 0. 13 2.20 0,36 0.1£1 \, 95 1.o\J O.2fl 2.IJ 2i:!.':lO
BOI 31 8 0100 15 5 • t. 51 0.13 2.2< (I.IJ! 0.21 1 ." 7 1 • q~ 0.315 2.11 21.:.71HOI 31 R 0100 75 I 0 , 2.'2 0.25 2.21 [I • IlJ 0.12 1 ,7 1 2.16 0 •.37 2. 11 5. (l1ani 31 8 0100 75 15 • 1.5'> o.aq 2. II o.21 O.O~ I. Q5 1 ,77 0.38 2.0CJ 11. H6.cjfl/ :S I ~ 0100 75 20. 1.HU 0.26 2.10 (). I b 0.17 I .6£1 1 .9b 0.U3 2.0e t:.lt'l801 31 8 0100 75 25. 1.1.j3 0.20 2. I. 0.16 0.16 1.67 1. r;q (1 , 35 2.0e lu.l.lo
~Ol 31 8 nl00 75 .\ 0 • 1 • U Q 0.05 2.28 0.31 0.25 t .7/J I .1:\0 0.30 2.1U t 7 ,22801 31 8 0100 15 35, 2.U8 0.65 2.05 I). 17 0.25 1.5lJ 2.~6 O.f:lCJ 1. CJt; 6.3Q
~Ol ~I " Oino 75 so. 1.02 1,03 2.05 O.~O 0.26 1. H5 /J.1I? 1.32 2.02 II • 31RO/ 31 8 02<5 7. 1 • o• /J 1 0.10 2.06 0.20 0.15 1.75 (1.61 0.25 1 • q.5 3e.7Q
801 31 8 0225 70 5. 0.lI8 O. 1 I 2.08 O. 1 tl O.O/!l I .81 {).6~ u• JI~~ 2.02 24.b2
~o/ 51 8 0225 16 I () • 0.66 0.05 2.2~ O.2L1 0.1 h 1 • f\ 0 (1.40 (\ • 21 2.07 26.67
801 31 " 0225 1. IS. 0.70 0.12 2.13 0.20 0.26 I .57 0.90 0.38 t • Q:3 22.2?801 31 8 0225 7' 20. I • I 0 0.20 2.12 0.27 0.25 I • f:l Q 1 • ~S7 O.LlS 2.00 1"'.71801 31 " 022, 7. 25. 1 • 3 £I O.2R 2.10 I).ILI 0.3. I .36 t.UH O.6/J 1. q2 t;. Ill)
RU/ 31 " 0225 16 30. 1 • C) 0 0,£15 2.01 O.?/J 0.3tJ 1.5'> 2.1 U ().7Q I. Gl 7 11 ,21
"01 31 " 022'5 7. 35. t • 11:\ 0.22 2. II 0.32 0.50 1.52 1. So 0.72 1.811 21.3J
MOl 31 8 040'; 71 1 • 1).89 0.21 2.07 t) • :~ tJ 0.70 l.u3 1,23 (I,Ql I • 7~ 21. h/l
RO/ 31 R oI~ () r; 77 5 , I .2 u D.2" 2. II 0.32 0.13 t. UD I • 'i 1 O.9~ \, 81 "O.3H801 31 " OlJ(j~ 77 10. c.rltj O.3ll 2.lu (J • ':j 0 o•7 1 1. sa ?.5Q 1 • nt: 1.9u 111,31
~()/ 31 " {jans 11 t ~ • ~,5~ 0.58 2.0 A (1.59 1. 0 b 1,47 3.tlJ 1 • b U 1.~1 1/j • .,q
801 51 H OUOS 11 20. 2.b8 1).45 2. I 3 (I. ~H~ O.7Q 1 • IJ 3 3.1)6 1.?U I. Gl4 li::.u2Bo/ 31 " 0405 71 25. t.77 o•£11 2.0H (I • j 1 O.tO t. 55 2.01 {I. BU 1.Q4 t /J. qA
80/ 31 8 0.:.105 11 30, 2 •• 2 0.80 2.00 tl.lJf! 1.21 1.35 3. 1I7 2,13 1• '11:1 1£1.9-9
ell/ 31 8 Oblb 18 t. 1 • 'j 7 0.38 2.01 (I.U6 0.23 1.8oA. ~ • I) ~S U.td 2.0? ?2.bl:-
RO/ :\ I " (lhl!"l 78 S, 1.2b 0,25 ? 1() O.~b 0.22 I .1?' 1.<:;2 0.47 2. 0 1 t 7• 11



H TPHVTOPLANK TeN ~.Ar-.,NI'PHV TOPL AI\K TrN T( TAL PHYTCJ.:-L.ilNt(TCN x NAmJ!JI-LA"'" n.NI)AH TIME. CUNSEe, SU'PlE. f"IG/M3 r"IG/M3 ~'G 0'·:5
YR Mfj DY EST STATIO"j nFPTH Cr<L • PHAf-,O f[)lFA CI-t • PHAfC Fe IF.il erL • P"'A~C f O/f A80/ 3/ 8 Oblb 78 1°. I • 7 (l 0,28 2.13 0.':l0 0.30 1.82 2,?O O.5G 2.01.1 22. n~Ol 3/ H 0616 78 1S • 1.8M 0.35 2.12 0.53 0.33 1 • ~ 1 2.al O.tB ?.O:! 21 • qQAO/ 3/ A 0616 7A 20. 2.1" U.36 2.13 o.?q 0.21 1 • 7tJ 2. lJ '5 O,hO 2.06 11 • ~ (l"0/ 3/ " f)blb 78 25. 2.~2 0.a3 2.1 tJ If. tJ I 0.37 1.70 3.03 o.~o 2.flS 1:5.5jMOl 3/ 8 flbl" 78 30. 2.3S 0.1.13 2.12 0.22 0.2S I .62 2. ~f.\ O.t-~ 2.05 e•5 .S"0/ 3/ 8 0616 78 35. <.68 U.36 2. 17 0.11 0.23 1.5S 2,Mi;J O.bll ?.Oq 5.Q680/ 3/ " 061b 78 50. 5,7';, 0.77 ? • 17 O.lJ7 O. ]0 1.72 1'::.1'!2 1.16 2.12 7.5~
~Ol 3/ 8 I u :SS 70 I • 0.72 0.07 2.20 {J.Uq O./JS 1.611 I .2 1 0.53 t • q 2 iJlJ. ~ ()80/ 3/ " 1"35 7Q 5. O.6tl () • 11 2. 1tl O.lJ7 O.3Q 1.72 1 • 15 0.50 t.Q2 I.i 1 • sqaOI 3/ 8 IlJ35 70 Q. 11.62 0.12 2.11 0.5(1 0.27 t.7tl O.9b O.3Q 1. q£j 55.(1280/ 3/ 8 IIH5 7Q 1, • 0.52 O.Ob ?IQ fl. 30 0.2Q 1.68 0.1'\3 (1.3'5 I. q3 3b.laAOI 3/ " 1'35 70 18 • 0.51 O.OQ 2.12 0.63 0.38 I .82 I • 15 O.tl~ I • q 3 5LJ.7H80/ 31 8 I" .15 7Q 23. 0.06 0.11 2. 1/J {l./J3 0.3/J I.l/J t • nq ().utJ I. qu 3'1.ll~801 3/ 8 1"35 7. 27. o.en 0 1 06 2.25 O.2Q 0.20 l.7R 1.22 0.21:1 2.09 2.3.77
~Ol 3/ 8 '"35 7. 32. O.4~ 0.0£1 2.21 0.1 q O.I/J 117'5 0 166 O.IQ 2.03 28.7.80/ 3/ 8 1"3, 7q "5. lJ.?7 0.07 2.05 O. j 8 o. 1~ 1.72 o.uS U.22 I 18 e l,Io.{Jo80/ 31 A 1"35 7. 68. n.of!. OIOS 1. A2 {J. 15 0.15 l 1b6 0.23 0.20 1.71 b~.2?801 3/ 8 pus 80 1 • 0.2'1 O.OIJ 2.15 ().~q 0.35 1.83 O.HfI o.uO 1. q 1 67.0~80/ 3/ 8 17"5 "0 5. o. u 1 0.06 " • 1a (.1.';,4 0.a3 1 .71J o.qs 0.50 1 .87 S6. f\1J
~O/ 3/ 8 17"5 80 q. () • 4 ., 0.05 2.20 {).bR 0.£12 1.82 t • 15 ll.£I7 1. q£j ".t 3eOI 3/ 8 17"5 80 . I" • O.le O.Ob 2.00 (l.bi O. J8 1.82 0.8(1 o • II /J 1.8S 71.5080/ 31 A 17u5 80 1q • 0.18 0,03 2.1 tl 0.3.5 (J120 1 .82 (l • '5 t Ul 23 1 • q 1 ,,/J.7180/ 3/ 8 17£15 80 23. o• t (I {/ • 0 I 2.'Q 0 12£1 0.13 I .85 O.3/J U. 15 I.cn 1u.SQ
~Ol 3/ 8 17"5 80 28. o• (I to. 0.03 1.81 (). Uq O.lJ3 1.10 0.5/J OILJb 1 .71 q U • "/IJ
M/ 3/ A 1745 80 33. U.lb 0103 2 111 0 153 0.23 1.77 o II.HI n 12f: 1.86 6!:!.7S
801 3/ 8 l7U5 80 '7. 1) • I I 0.03 2.02 fI • 1 1 0.1" l.bO 11. ?2 0.17 1 .75 "o.on1301 3/ 8 17"5 AO 70. O.Oq 0 101 2.00 () I 08 0.08 1 • tll (J.ll °.II 1 • R1 1.11. (16
801 3/ 8 2037 81 1 • O.O~ 0.02 2. 11 o.tlO 0.35 1 • 7 1 O./JH U.36 1.7~ 83.33
801 3/ A 2037 81 ,. o • 1 1 O. 0 I 2. I 7 0.56 0.32 I. et.l (J.67 0 1 ;\ll IIBP. R..!15f.\
8nl 3/ 8 2037 81 q. 0.01.1 i).OO 2.21 O.1J3 O.J8 1 • 70 ().1J7 O.3 A I • 73 q 1• uq
~UI 3/ 8 2037 81 13 • o.nH (J • 0 1 2. 11 o.5Q 0.27 I I q Q O.tll 11.2Q I.Q2 ~~.{J680/ 3/ 8 20.51 81 18. O.IU 0 1 02 2. t3 U.62 0.32 I 18"7 () • 7 ? (l13u 1. QO /"Ib.ll80/ 3/ 8 2037 81 22. O.IB 0 1 03 2.16 V./Jt 0 12 t I.S7 (I I t'l () t) • (/J I. q/J tlt-.53ROI !/ 8 20.s7 ~1 26. O.2li 0,02 .:?123 0.29 0.1"7 1.8.3 0.53 OIIQ I • q F 5 11 .1?AOI 5/ " 2037 8\ 31 • O.OK /).(l2 2.10 (j.~q 0.35 1. e 3 0.h7 ol:n t.At Af~. 06
80/ 31 8 ?037 ~I "". i). 1~ 0.02 2.20 (1.2/"; 0.21 1 116 u• u .5 0 12$ 1. fq h'S.t?
~Ol 3/ 8 2031 81 66. I). I 2 0.02 ?.11 (I. lJ 7 O.Oq I,on (1.19 o• 11 I • R IJ 3t. 'I IJ
801 II • 0052 82 I • I. e5 lileO 2,00 (I I 21; 0.17 t.fol2 2 • 1 1 O.7P 1•• 7 13.27



~tTPHVTOFLANKTCN "!A~,N1,lPHYTCPl Af,jKTG~ fCTAL PHYll:PLANkTlN x NA"'!'JCFLAN~TrDAH. TI1~E CQNSfC. SAMPLE ~\GO~3 ~1G It' 3 r·'r,/~3
YR "10 l.lY EST STATION I)EPT~ eHl A PHAf.O niH A CeL A PHAt;.C Fe IF A C"L A P,,"Atr FO/F Alilll 31 q 0052 H2 5 • 2.16 0.209 (1.17 0.30 0.17 1.8£1 2. lJ h 0.£15 2.12 te!.20801 31 9 0052 82 q. 0.32 0.20 1. AO (J • {1
~Ol 31 q 0052 82 I" • 2.0~ () • 15 2.24 (I • 3 f) 0.16 1.87 2.33 (J.30 2.17 12.tlH80151 ~ 01152 /:it? 1e • O.~5 u • 1 t 2.17 O.:B 0.21 t.eo 1 • 17 0.33 2.03 2e.2t
~Ol 31 q 0052 82 23. 2.1 tl 0.28 2. I 7 0.52 o. I H 1. 85 2.U8 (l,Ut! 2.12 t2,Q!l801 31 Q 0052 82 2e. 1. 47 0.18 2.18 0.50 0.20 l.eO 1.77 lJ.3fl; ?.OQ tf:,Q5HOI 31 q 00l)2 "2 52. 2.16 (l.b3 2. (13 () • :3 i? 0.23 1 , 7 7 i?tJ7 O,t\5 I • qe li.Qh801 31 q 0052 82 46. 2.22 O.3Q 2.1l (l.2h O,?1 t.73 2 , <.I f' U,eO 2.07 IC,uB801 ~~I 4 0052 82 55, 2.29 0.15 2.21;) 0, 1~ 0,18 1. 01> 2,£17 o,'.B 2..17 7.2QAOI 31 q n3SS 85 I • I.£I Q 0.1 Q 2. 18 o• , I 0.27 1.81 2.00 0.£16 2.0e 25.';jn801 31 • 0555 85 5. o, Q 1 0.06 2.22 (l,35 0.27 I • 75 1, ?6 0.315 2.03 27.7"Hili 31 q 0355 85 I 0 • 1 .41 () • 2 /J 2.13 o• t;; I 0.35 1,7Q I ,Q2 ().~q 2,01 2":,';6
801 31 q 0555 83 15. 2,03 o, ~ 1 2. 1 fJ () , 51 O.2Q 1.85 2,51.1 0.10 2,OU 2lJ,OI1801 31 • 0555 83 20. 1.03 (J.2b 2,Oe 0.15" O,3/J 1.82 t ,5Q 0.60 1 ,qt 35,22IHJI 31 • 0355 "3 25. 1 , t /J 0.10 2.22 0.20 0,27 I. hlJ 1.3 Q 0.37 2.05 1e , 7 I
801 31 • 03';5 83 30. t .54 0,15 2,IQ O.?b 0.33 1 ,S8 1.65 O,Uq 2.02 15,7"
~Ol 31 q 0555 85 3S. 1.86 (l.11 2.21 0.21 O,/JO 1.53 (;'.13 0,51 2.0U 12,61:\
SOl 51 ~ o i55 83 47. 3,t u O.3U 2,20 0.27 0.40 I .53 :3 • /J 1 {J,1U 2.0Q 1.<12flOI 31 • 0701 84 ,. 1,U7 {l.O1 2.20 0.35 0,27 1,7'5 l.e2 O.3t.i 2,11 t<l.2~801 31 q 0101 84 4 • 1 .51 O.lLJ 2.21 O.LJb 0.37 1.73 1 , q 7 (1, ~ I 2.IJ5 25. ~5801 il 9 0107 84 8 • 1 , UQ 0.16 2.20 O,U5 0.36 1.72 1. q2 0,'52 2.01l 22.UO80/ 31 q 0707 84 12 • 1.Qo o, 1 :5 2.?5 0.U3 0,36 1 • 72 .?3Q O,Uf! 2.10 17,99
801 31 9 0707 84 16. 1.70 0,20 2. I 8 (l.Ub 0.37 1.73 c.t~ 0.57 2.05 21./J(\
801 31 q 0107 8" 20. 1,7h 0.22 2.IM O.tJ(l 0,34 1,7t;; 2,2(1 O.Sh 2,05 2(1.00801 31 q 0107 84 2b. 1 ,I:IIJ 0.22 2.18 0."0 0,/.10 I .13 ;: • 311 0.62 2,05 21. 'H
~Ol 31 q 0903 85 I • 1 , I;:' 0.15 2. I 7 0.32 O. If 1.85 1.4/J 0.33 2.0fl 22.?28UI $1 q OQ l4'1 85 5. 1 ,2 ('I 0,18 2.16 O"H 0.22 l.f3 I .57 O./JO 2,06 23.51
""0/ 31 q oql~3 85 q. I • 12 O,Oq 2.<2 0.1 h 0.10 I,FlO 1.28 U.r: ll 2.15 12."'0RO I :51 Q oQu3 85 I" • O,ti1 0.23 2.05 O.t4 0.20 1,72 1 , 1 1 O,UI.I I. qs 2 I • "2
~o/ 31 • 09U3 H5 l' • 1,"'6 0.33 2, 11 0.20 O. I q 1.~~ 1.1'\6 0,52 2.1)/J 1(J, 7 '}
aOI 31 • Qq43 85 23. 1 , 1 0 0"31 2.03 fl,18 O,OQ 1• fie 1.2'" O,/JO 2,01 lU,Ob
~O/ ~I 9 OQ/.l3 65 28, 2.22 o.n 2,13 0.20 0.26 1,5b 2.£12 O.b5 2,OU t', C'6
601 .11 • ()q}J3 85 33. o. 1?. O,Oq 1,73 0, fI
80/ 31 9 1202 6. 1 • 0,21 0.13 1.82 o,n
AOI 51 • 1202 H6 5 • 1l.7 lJ (l.IU 2.12 11.25 1).21 1 , 72 t • tI () O,3U 1.Qe 2".00BOI 31 q '202 81> I 0 • 0."5 0.08 2.16 (J , .$ U 0.1 q 1.8U ().H~ n,?? i!.02 je,tllJAn, 31 ~ 1202 80 15 , O,7Li {l,03 2.28 (I, ~? O,?3 1,77 t , 06 n,eS 2.07 J,l),l Q
~Ol 51 ~ 1202 86 20. O.?b 0,(13 2. I" (1. r.ll O,e:7 1.63 O. S l~ () , 30 1. A3 lIP-.no



•~tTP~IYTrFLANKTCN ~A~:~:I)P~YT(PLANWTr~ TCTAL PHYTCPLANKT(N ~ NA.N!\,(JP1.ANkTI,'~'
DlTE t}l"[ (ONSEe. S~~PLE H(;/~\3 f-·6/M3 Hr./'" 3

't'1-< M(j OY EST STATIflN I)f: PTIol CHL , PH,&,f,n Fr.1lF-A CI-l. , PHIIEC f-[/FA U·L ,
P~A[r: Fun A

801 31 q 1202 8. 25. 0,02 0.20 ?on 0.55 O.3Q 1 • tl3 O.Q7 ll.b0 1.P2 36.()~
801 31 Q 161 (J "7 I • 1 .~n 0.2. 2.1. O.3~ 0.38 1•• 6 2. <1 u.eu 2.0.5 17 .19
FFII 3/ 0 to I 0 B7 5. 1. qb 0,30 ~.15 0.35 O.2Q J,72 f7 • .3 1 n.'5Q ?os 1s.t 'J
801 51 Q 16 I 0 87 10. 2.,8 O.IJS 2.13 o. V" /.l.35 1. bb .3.0 !I o,eo 2.05 It,5']
801 3/ 0 I btl) 87 15 • 3.2U O.~S 2.1' O.1.l9 O. s_~ l.td .;. h9 o.qe 2.05 13.2~
BO/ 3/ q 1'10 87 20. 3.5l o. :30 2.22 f).:H o.l.iq I .5. 3.~O 0.7Q 2.10 '1.11Q
801 3/ q to 10 87 25. 5.1.l~ a.bB Z.le- 0.31.1 0.60 1.'17 5.H3 1.28 2. rl q ".8380/ 3/ 0 1;,10 B7 30. 7.0/J 1.50 ?Oq O. LIt 0.70 I ••• 7 .Il 5 2.26 2.02 5.50
80/ 3/ q 1.10 87 3•• /:l,07 n.7tl 2.21 0.53 1 .0 (,j 1.llS R.bO 1.77 2.10 t • 1f.
801 31 0 I" I 0 B7 ••• 1.lJS 1.3' 2.12 O.lIb n.flo I.tle 7. q 1 2.15 i?OLl '."2801 51 0 1055 8A I • 0.77 O.Ob 2.23 f).33 O. I 5 1.Q2 I • I 0 o.21 2. I 1 30.00
801 3/ 0 1055 A8 5. O.7/J 0.03 2.28 0.27 0.1 b 1."3 1 .0 1 0.tfl 2.12 26.73
801 3/ 0 lOSS A8 10. (I.b tl 0.07 2.1 Q (1.31 0.17 1.85 0.1.1'; O.2u 2.05 .~2. td
801 31 q 1055 A8 15 • 1.21:\ 0,07 2.20 0.31 O. 1 f:l l.fl3 1 • ~q 0.25 2.1S 1G.50
~Ol 31 q 1055 R8 20. I • 1 I 0.12 2.20 0.51 0.2. I.eo I .47 0.35 2.07 25. I 7
AOI 31 Q 10" 8R 25. I • I < 0.07 2.25 U.3t1 0.23 I. Hl I • LIS 0.30 2.10 2.5.a5
801 31 f.j lOSS AB 30. 2.0Q 0.06 2.2R 0.38 0.50 I." 7 2 •• 7 0.58 2.07 115:.31:\
~Ol 31 q 2512 BO I • 0.72 {J • 1 0 2.1t! O.LlO 0.17 1. q.5 I • 12 U.27 2,07 .1, • 7 I
81)1 3/ 0 2312 BO 5 • 0.10 o•0 t 2.30 O.2fl O. 1/J 1.8B (J.qe ('.15 2.15 2~.57
B01 3/ 0 2312 AO 10 • 0.72 o. 1 0 2. 1fl 0.30 0.24 I • 7/J I .0 j 0.3/J 2.00 29.13
"0/ 3/ 0 2312 80 15 • 1.00 0.07 2.24 0.32 O.2tJ 1.75 I.:H o. 31 2.0e 23.3t,
801 3/ 0 2312 BO 20. (J.95 O.Oq 2.21 {) .()
80/ 3/ 0 2312 so 25. 0.07 o•0 1 2.23 0.70 0.97 1 .60 lI.Ho O.Q7 l.b2 Ql.R6
AO/ 3/1 ° 0310 00 I • 1.39 0.07 2.26 0.28 0.09 2.00 1 • b 7 o•1" 2.21 1t.77
1301 3/10 0310 00 5. 0.27 O. 10 1. q6 O. (l
801 3110 0310 00 10 • 1 .3u 0.00 2.32 o.2u 0.08 2.00 1.% I).o~ 2.2'" l':i, 1 q
801 .~II 0 n:s I 0 00 15 • 1, btl o• 11 2,ZIJ o.uu O. 1" I , Q 3 <.12 0.30 2. 1 t 21.i.75
801 3110 0310 Oil 20. I .37 o•0 1 2.32 U.23 O. 10 1 .02 I .50 0, 1 I 2,2/J 1 /J. a 7
801 3/1 0 03tO 00 25. :Ll/J 0, 17 2.2e 0,90 0.37 1.(H IJ , 0 U O.SiJ 2. t7 «.2>\
~Ol 3/10 OOcu5 01 1 • ?.be O.3/J 2. 17 o.sq 0,1 q 2,00 3.20 (),~(J ~ .13 If} • all
AOI 3110 n(,l.l'5 01 5. 2.29 0.23 2.20 (,,31 o•11 1.(H 2,60 0.35 2. I 7 11,«2
AUI l/l 0 Oo/J5 91 I 0 • 2. BI (l.IS 2 • .26 0.50 1l,17 2.00 3.31 () • 3l 2.? 1 1~ • t I
ROI 3/10 IltlU5 01 15. 2.35 O. 17 2,2/J (j • ~ I (J,1e 1 • Q'3 2. n O.3LJ 2.18 lu.f:\O
80/ 3/1 0 DoU!) 01 20. 1 • 1 /J n.18 2. I. o.un (I , 13 2.00 1 • r, /J O.! 1 2. I 0 21:;.47
801 3110 (JbU5 91 25. 1 • 7~ o.Oq 2,2" Co,U1 O.tl, 1 • qtl 2,19 O,i?a, 2.1G It!,72
AO/ l/IO ObGiS 01 -~ p , <.75 o.oa 2.31 f).1.8 f) • I '5 I • P5 .i , O,~ o,lq ??S G.?/J
801 3/1{1 fl6l!l.j 01 35. 2,,,~ 0, 10 2.2~ u.3 R 0.17 1 • q 2 3.06 (J. 2 7 2,?2 t 2 .ll?,
BO/ 3/10 Ob/JS 01 50. 1 , (>2 (}.71 1.7A o• (I



I\ETPHYTOFLANKTLN ~ANNUPHYTOPLAN~TC~ leTAL PI-! VTCj.'LA~JK TeN , NANt,lJPLAl"K T(1)4TE Tl ""~ C(~NSEC • SAp.lPLE ~G/f'o\3 ~,(;I'" 3 ~!G Itol.5'I'P /-In I)V EST tl:TATION nEPTH CHL A PHA~O FrJ/FA Ct-L A PHAU' r{/F A Ct-oL A PHA~C FOIl- AROI 3/10 oql.l('l q2 1 • 1 • Rt.! 0.25 ? .17 O.31.l 0.11.1 1. q 3 2,lA (},3Q 2,12 15,6r)801 3110 ()9IJ(l q2 5. l.4Q 0,13 2.22 n • .50 0.11 1,'3 IJ I • 7q 0.31 ?,13 1 t:. "6801 3110 oq/jO n 10 • 1 • k U 0.18 2.20 (l,IJQ (1.22 1 • q I ?,?r:J (J,LIO 2.13 ?l,lJn801 3/1D oql.ll/ n 15. I • U 1 0.1 b 2.IQ c).u7 O.?3 I , e8 1 .1:\1; 1l,IJO 2.09 llS.oo801 3110 09IJO q2 2(\ • I • 12 0.18 2.20 1),.3 7 0.18 1.~q ?.l,q o. :56 2.13 I 7 • 7 fI801 3/1(l OquO n 25. I .IJ I 0.13 2.21 (l,ul o. I q 1.QO 1 .8? 0.33 2.12 2<.53801 3110 oqlJO q2 30. 1.3'7 0.0 9 2.?/J fj.51 0.27 1.81 I .88 O.3n 2. II 27. 1 ~801 3110 09IJO q2 35. 3.11J 0.25 2.23 ().53 o• IJ 1 1 • 75 :5.!:l7 V.etl ? • 12 1/J • lJ IJ
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TABLE 2. Average water column concentrations of netphytoplankton,

nannophytoplankton, and total chlorophyll a and phaeophytin a

and percentage nannophytoplankton.



Nt: TPI-'YTOPLAflk TO!'; NANNUPH Y.TfIPL At-.:K 1 C~ TCTAl P"'-"':TO'LAf~j(,TOf\ , t\AI-·''''''[J..'LANk 11:1'-.
DAH TIME CU'SEL I'" T• f'1G/n.\ INT. MG/~3 Il\T. MG/tJ3

YR 1'11) I)Y EST STATION DEPTH CHL A f'HIl.EU Dtf.'TH CHL A PH 41:: [1 eu; flo; CI-'l A PH.aEC
801 31 • 1040 58 53. 0.3L1 0.03 53. ~() • 4.1 0 O.lQ ~3. O.1/J (1.22 'j/J.clJ
anI 31 b lLllJS 5q 67. 1.b3 0.23 67. 0.40 0.2lJ 67. 2.01.l a.ut: 1Q.I-\ 3
~Ol 31 b \707 60 .5. 1 • b 1 o. I q 65. 0.27 () • 17 65. 1.Cl3 0.36 1.\."6
eOI 31 b 2032 61 10. I • 7" 0.2< 10. O.2Cl 0.21 70. 2.05 0.1.l.3 14.07
801 31 6 2313 62 7~. a.b7 0.25 75. 0.30 0.23 15. 0.q7 O.lle .~ n• to. (J
801 31 7 0305 h3 15. 0.07 0.0 J IS. o.:se 0.31 1';, • O.llS 0.32 ~1j.1.i3
ROI 31 7 1135 6a Sq. (1.01 O. (11 5';. u• 1 '5 O. 1 I !Sq. 0.1. 0.12 Q,?10
801 51 7 1500 t>b '6. O.Oh 0.01 6 •• (} • 18 o. 13 66. 0.23 0.15 It..27
801 31 1 113a 0" 15. o•1 0 0.03 75. (I .28 0.22 7~. 0.31' 0.25 7:S. b5
801 31 7 18"8 oq 7a • 0.23 O.OL/ 1•• I) • 34 0.28 7il. n.f.2 o •.\ 1 h2.1l~
801 31 7 2121 11 '7. o•31 0.05 .7. 0.36 0.24 67. 0.66 O.2P. '53.bl:>
801 !I 7 2110 13 .1 • 1.8 (l 0.11 b 1• I). HI O.IQ td. 2,1 e 0,315 17.37Ani 31 8 01\1 Il 75 50. 2.1 q o.IJi 50. U.27 0.20 50. 2.as O.hl In.€!2
801 31 " 0225 76 35. 1 .00 0.20 3~. 0.22 0.25 35. 1 .21 il.LlS t1.!'\.5
8()1 31 8 O.O~ 71 30. 2.01 O.Ll3 30. a.~2 O,7M 30. 2,1.l3 t .21 11.lq
"01 .!I 8 Obl6 78 50. 2.68 0.42 50. 0.35 O.2 Q so. 3.03 0.10 11.58SUI 31 8 I'J .s'5 7q '8. O.Ll3 0.07 b8. 0.28 0.22 08. 0.11 0.30 'Q. 1 7801 31 8 11u~ AO 70. 0.17 0.03 70. 0,30 0.23 10 • 0.1.17 0.26 bU.L/R
~(I1 31 8 2037 81 66. 0.12 0.02 66. 0.37 0.2. '6. O. uq 0.26 75.20
~('I 31 q 0052 82 55. l.qq 0.33 5'::1. 0.2Q 0.20 55. 2.28 0.~3 12.7 u
8(11 31 q 035S 83 .7. I.bb 0.i2 .1. 0.37 0.33 "7. 2.0~ 0.55 t 8. 3lJ
801 51 9 0707 8" 26. t • bq 0.17 26. {J.IlU 0.35 26. 2.13 0.52 20.72
AOI JI q OQ43 85 28. 1.21 0.2.\ 33. 0.22 O. 17 28. t.uq o • (J t t u. q '1
A(il 31 q 1202 "6 2S. 0.59 a,Oll 25. 0.29 0.23 2:;. O.He 0.32 :S 2 • U II
"01 51 9 1b I 0 "1 ••• u.qq O. H) a•• 0.£12 0.63 "6. s. £I I 1.33 7.7S
S()I 31 q IQS5 "" 30. 1.0~ 0.07 30. 0.33 0.22 30. 1 .3 e 0.2Q 2.5.67
801 31 9 2312 8q 25. (J.17 0.07 25. (1 • IJ 1 0.36 25. 1 , 1~ n.LI] 3S. 0 1
BOI 311 0 0310 90 25. I • to. (J (l.O/, i?~. 0.35 O. 1u 25. t • <11] n. 1q 11:l.08
.qOI 311 0 ll"uS q 1 35. 2.2h 0.16 50. o.LlQ O.2LJ 35. 2.75 1").40 17.q{l
801 3110 QIHlO q2 3'>. t ." 1 0.1 ~ 3'>. II • t.l3 0.22 3S. 2. I 0 O.3e 20.31
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