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PLANKTON PIGMENT NOMOGRAPHS' 

BY 

A. e . DrXIU'RY A.N-n CHAULES S. YEXTSCli-
l)r/tiirlmtnl of On aitoijrnphy 

I iiitiriity (if Wii^hiiiglon 
StiUllt .;, \\'<l^^^ttn<Jlon 

AHSTRACT 
Nciiiiii;;r i|pli for (•iiinpiiliiitr tlii .•im<Jiiiils nf pl.-iiiktoii pijtmciit.s as <lclriimn('il In 

(lil- '|« I ii<i|i)iiituii» tril- iiiilhoil h.ivr 1"<TI coii.stnictcii. 'I Ijc rncllii'ds ii^ril fur 
«li>;iiirii III .iiiil • ilini; m iliscii-v u i . 'I lic use of llir iiiiiii<ij;r.iplis hhortcii.s coinpiil.i-
(IKII l l l n i c o l i - I ' l i r i M \ 

Inliiidiiitiiiii Tl ic .--i'nii-niicro m e t h o d desc r ibed b y K i c l i a n N 
uil l i 'i lioiiip^oii (l'.töL') tor analyMs of |) laiiktoii .sanijjles m a y be u^cd 
to de te rmine pi)rmeiit t ypes in |>lanktoii populatioiiis. I n tbi.i m c l l i o d 
the total alisorlw'iK les of p l ank ton e \ t rac t . s a r e mea.sured a t bpecified 
\ \ a \ e len)!ths. In brief, t h e p l a n k t o n ' -amples a r e c o n c e n t r a t e d , t h e 
pit'iuent.s are e x t r a i t e d m '.'((',' ace tone , a n d t h e opt ica l d e n s i t y of 
(III c \ l i a i t i-- mea- i i ied at \ \ a \ e leiifilh-- tlCi."), til."» a n d (i3() lii.x for 
ihlnii ipliMN II, II, and r a n d at ISO a n d ."ilO nr^ for a n i m a l a n d p l a n t 
c iroicniinl ' Where lar^e numlier.s of .saini)le.s a r e involv<d, con -
MdiT.Éble l ime is .-pent in computing; t h e p igment type.s l iceai i-e of 
till' niiineioiis s|c|)v i n \ o | \ c d m soh'ii t i ; t h e .simiiltaneinis é q u a t i o n s 
of lliree or lour \Mria|p|es. 'I'hi'- l i m e m a \ be s h o r t e n e d (•oti '-ider'lilv 
li\ < oi i \ei l i i , ; î The IJ ichaids with 'I honipvon eciiiatioiis i n to n o n i o -
Uraphic form 

Ihiilopiiii lit iif till .\iiiiii)iiriij)li.\. T h e iiomofirapli.s de--inned for 
soKiiin till --I' e(|UMlioii-> i|)rise a series of a l ignment diafjrams \\liii h 
are readiiv t on^liiic h d and which can be usi d r ap id ly for d e t e r m i n i n j i 
t h e aiiioiints of pigment t \ p e s >'|'he nomo«ra | ) l i s con^isl ct a MTII ' 
of parallel line.- which are -paced and .scaled by m e a n s of r a t i o - bet wet u 
scale modul i T h e .-cale modul i i - i- a fac tor w h n l i will l ed i i ce t h e 
«•oetlicient of a componen t of an ei)i iation, such a.- t l iat of Ü n h a r d -
wi th ' l 'hom[i-on. t o a unit \ a l u e T h e ii-e of -ca le modu l i a l l ow- \\" 
different . c o m p o n e n t - to be t r ea t ed wi th (( lual .sci'le spa i in j i •••''•• 

' Till-«urk w.i--iipp..rl,,i III p.in lix tl„ ('tine m N i\.,| Ki-i :ir( ii MI l i rC ' i ' . ' i ' 
No NSOMI III Willi till- I M\,I-ltV «if \\.l.-lilTll.Mu|l 

«rr..-<-iit .uUla— Wi.ihl- lli.U't),,.:,ii,,^:r.ipl,ir In-nnitioii, \ \ . . . | . II..Ii, Mi---
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facilitates the construction of uniform scales for these compon«-nls. 
The method used in preparinK these nomographs is taken, in part, 
from l i v e n s (1948) and Kulmann (l!).'.»). 

The Richards with Thompson etniations for determining ciiloro-

phvll are: 
r „ (mg/r.) = 1 .-).(•. Ih^ - 2.{)lhii - O.S/),,„ 
(\ (mg/L) = •-'-). I />W5 - J.J/V,!, - 10 ••{/>„„ 

C. ( M S I T / I O - l<«» />«M - I-'"'/v.» - - ;S7/),„. 

where the I) terms to the right are optical dcrisiliis. 'I'lic tiiualionn 
for determining animal anil plant caroterioids, knowing the optical 
densities and chlorophyll values, are: 

/>r„5io = iKto - om2(\r„ - o.tMKT.rk - omj\<\ 

I)r,.tm = Dim - 0.(K)l'.l(', - O.OV.W, (XKt.'.UV 
or 

N o n a s t a c i a n ( M S I ' l / l , ) - 7.C. (/>,,.„o I I'.t I),..•,,.,) 

A s t a c i a n ( M S I T / I . ) 2( 1. l."i /> ,„„„ />„ . , , , ) . 

T h e n o m o g r a p h of t h e ( '(luation for d i ' l f i i n n i i n ^ i I I I ( IPI | I I IVII a is 
.set up in t h e fol lowing ni.'inniT S ince t h e c(|ii.'il mn h.i.s l l n c c cuni-
ponents or v a r i a b l e s t h a i a r c n m l l i p h c d liy conNijini ( uclhcicnlH, 
scale modul i t h a t r e d u c e or c h a n g e ihe^e eoellicieni-. In e(|n;il va lues 
mus t lie d e t e r m i n e d . T h i s can l>e d o n e l>v iiiiill i|iK inv' each i nef-
flcient by its r ec ip roca l , which r educes all CIK IIK JI ni in i he e(|u:iliiinH 
to un i ty . T h e s e ri'ci|)roeal.-i a r e t h e s< ale niudnl i 'I In i i in . i i iun now 
ha.s all com|>oiieii ts we igh ted ei | i ial ly 

A vert ical l ine is d r a w n for hr.4^ n ea r Ihe li fi ide of ilie |i,'i|iei, a/id 
then a n o t h e r l ine at s o m e di.-l;ince i- ( h i w n |i.ii.illi I lo il lor li,,v, 
The (h.ilance het ween ihe-^e line- i-, ( |ni le ,ii l,il i.u \ ' i h e I/,,, line 
IS then dr . iwn para l l e l a n d al an . u h i l i a i v di I U M C to l ie n t 'h l ol I he 
hrht tv\o lincft. On an S X H) piece .,f p a p e r I hi' di i • \,'\\:iih 
Ihn and />„„ e;iii eonv«-nienl ly he a h o u l I I I H ' I / , ' In IIM- di i o n e 
he tueen /v„i a n d />,,f,o al /ont l on r ineh. , I In- h,.,. Inn- l.ouM t,i-
•-nixluided f rom ze ro t o a I ion t 0 7 unit in op in ,il di i, ii •. /< lo I .MIII ' 
p la .ed -It t h e t o p T h e -p . i c i i , / ot t h e ~iil,i|i •. i-loi, , honld l.< (.'I'.il 
'•noiigli to a.s.^iire r ead in ; : acc iu . i l i !•. to .ilioul OOJ nnii 'I In- / / , . , 
hue 1, „„w g r a d u a t e d ^inii larlv v.ith l o i n pondin:. ' d i . i loi, ;o< it«<l 
on a line p e r p e n d i c u l a r t o tie- d iv i - ion - on /y... 'I o ••illo.'. tor t.olh 
positive a n d n e n a t u e .^mn^ t h a t oi • u r u. t he . . ( in t io i , tin d i p ' M o i , 
from h o l t o m t o t o p of t h e fi-.f^t- i- < oi. . d e o d | )Oi l i .« I t c h.n 

hne la rir,w -ca led wi th /.i-m at tin- In . t lom on •. ' oii ,n,o; , ),• :],' u<t i u 
vvi'li the 0 7 „)^r|^ „f ,)„./_,,_ .,_,j / _ , ] , , , ,1^, (, 7 . , , ,) . , I,,,; , , ..,n 
'"••nh t he zero m a r k of t h e I . t i ter l ine- . 
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The equation C, (m(ç/L) = l5.6Dtu - 2.0DM - O.SDao is now 
divided into two parts. The last two components are set equal to a 
factor called Q. Thus, - X-pD^ - O.SDao = Q and 15.6Z)«« + 
Q = C. (m(ç/L) 

The Hcale moduli for DM and Dao are 1/2.0 and 1/0.8 respectively. 
The <J line is placed between Dui and Dm at a location determined 
by the ratio of the.se scale moduli. In this case the ratio is 1/2.0 
divided l)y I/O.S or 0.8/2.0. The position of Q is conveniently de­
termined by a.s.suminK that the number of units of distance between 
DM and />un i.s 2.8 units and by locating Q 0.8 units from D^ and 2.0 
units frotn iKm- 'I'o simplify further calculations, a substitution is 
made l>y referrinR to the .scale moduli with letters and subscripts aa 
follows: 

Mixi = 1/2.0; Mm = 1/.08; and A/M» = 1/15.6 . 

Q is now located on th<' nomogram, but a scale modulus for it, Mq, 
must now b<' «lelermincd. Mq gives the ratio between the size of the 
divisions of <J and tho.se of Duh, DM and Dao- However, Q need not 
lie gradii.aled, and Mq is merely used later for determining the place­
ment of the ehlorophyll n line. Mq is found in the following manner: 

MMX .Uf,3o _ „ _ E-j^JJ^:^ = _L 
MM + Mm ~ • ' ~ 1/2.0 -f- 1/0.8 ~ 2.8 

The chlorophyll a line is now po.sitioned. The ratio of Mq/Mit,i <"" 
!,"_'s/l/l."i.(> places the ('„ line !.").() units from Q and 2.8 units from 
l>ui. if the (li^tance lietween Q and Dtn is assumed to be 18.1 units. 
'i'he lin:d calculation is the scale modulus for chlorophyll a. I t is 
dcterniined in much the same manner as for Mq. Thus, 

Mq X M„i _ I '2.8 X 1/15.«) 1 

.1/./ + Mci ~ 1/2.8 -f l/lô.C, ~ 18.4 

This means that each unit on the r„ scale is 1/18.4 times as lanie 
as the units on the optical density scales. Since the optical density 
scales are in tenths, the .scale modulus, M,,„ may be multiplied by ti ii 
to convert the <hloropliyll unit.v from tenths to unit.s. Thus. l(m^' l-i 
is e(|iial ill lenclh to I 1.81 limes the length devoted to 0.1 opti<al 
density, (iradiialion of the chlorophyll a line is accomplished by 
solving the nomogram to determine the zero point on the chlorophyll 
a line and then marking otï the successive units along the seal'' 

The nomogram is u.sed in the following manner. A straight vd<zi- is 
employed to line up the values of DM and Jh^, as deiermincd by tlic 
analysis: the intersection of this edge with Q is then nuled. The 
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straight edge is then moved to join the intersection on Q with the 
value obtained for />««• This line now crosses the chlorophyll a 
line, and the value of chlorophyll a (in mg/L) is read directly. 

All other nomograms in this series are constructed in the same 
manner, using appropriate scale moduli. I t should be noted that the 
equations for the carotenoids necessitate solving first for the Z>r«4n 
and DrtMo- These equations involve four variables instead of the 
three as in the case of chlorophyll; otherwise, the same procedure is 
followed. Chlorophyll a and chlorophyll b combine to designate an 
intersection on the Q line; Q and chlorophyll c combine to designate 
a W line intersection and W and Dim or Duo combine to designate 
the intersecting D,,, lines. The solving of these diagrams consists 
of the same stepwise procedure described for chlorophyll a. 

Errors and Range of Values. The amount of error introduced by 
using the nomographs depends largely upon the accuracies to which 
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the nomographic scales may be read. In all instances the reading 
obtained from the nomographs are indicative of the number f if signi­
ficant decimal places to wiiich the pigment values should be calculated. 
In some instances the equations have constants that approximate the 
errors in the optical density readings. This reduction in accuracy 
will show quite distinctly on the nomographs. However, the signi­
ficant accuracy and relative accuracy is still maintained. 

The range of values shown on the nomographs (Figs. 1-G) have been 
based largely on pigment values commonly found in the waters <>f 
Puget Sound and adjacent areas. These values, in all instance.-. 
were obtained by concentrating the plankton in one or two liters of 
*ea water and extracting the pigments with Ó.0 ce of 90'^ acetone 
(Crcitz and Richards 1905). In order to read accurately <>n tlu-e 
scales, it wjus necessary to fold one or two of the scales to meet the 
restrictions of jiaper size. The range given to chlorophyll b is finite 
arbitrary, since this pigment was seldom found in large amount- n. 



1956] Duxbury and Y enltch: Pigment Nomographs 97 

CHLOROPHYLL a 
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CHLOROPHYLL b 
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marine plankton. The range of values shown for the animal (astacian) 
carotenoids may too low, since some zooplankters are not caught in 
standard hydrographie sampling bottles. No optical density values 
are extended farther than 1.0, since an extract with a concentration 
giving an optical density reading higher than 0.90 will not follow 
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Figures 

Beer s Law and therefore the extract must be diluted (Richards with 
inompson, 1952). Greater color sensitivity may he obtained by using 

nger ight paths. The plankton pigment nomographs, following the 
UB^hM''"*«^"*' " ^ ^^'^ ° " "Pt''=»' density value.s using a 1 cm 
den.it„* ^- *" '''"'^^'" "Kht paths are employed, either the optical 

'«ly readings or the pigment values may be corrected accordingly. 
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Directions for the Use of the Nomographs. To obtain chlorophyll 
values from the nomographs, optical density readings on scales 
adjacent of line Q are aligned and the intersection on the Q line is de­
termined. This point is then aligned with the reading for the third 
optical density scale. The intersection of this line with the chlorophyll 
scale gives the value of the chlorophyll in question. For the carotenoid 
nomographs, residual absorbencies 510 and 480 mn must be considered 
together with values for the chlorophyll observed in the same sample. 
Chlorophyll a and b values are aligned to determine the intersection 
of the Quo scale. This inter.section is aligned with the chlorophyll 
c value and the intersection on Wm is determined. The final step 
cotwi.st.s of aligning the intersection of WHO with the correct value of 
WHO and reading the value of />rr.4io directly at the intersection. The 
aame procedure i.s followed for obtaining Dr-^.tno values. The amounts 
of astacian and nona.stacian carotenoids are obtained by aligning 
residual absorbcn<'ies 510 and 480 m;x and reading the amounts of 
either pigment at the intersection of the respective scales. 
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