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ABSTRAC'l 

i1. method is described to make routine, quantitative analysis 

of plankton-net samples at sea using silhouette photography tech

niques coupled with a microfiche reader, an electronic digitizer, 

and a small personal computer. l"iore than 90% of the organisms can 

be identified to species level and life stage, and a subs~nple 

enumerated within 20 minutes after collection by this method. 

Coefficients of variation estimated for the dominant taxa were 

usudlly in the range of 13-57%, comparable to conventional sort

ing methods. Advantages and disadvantages of this methodology are 

discussed. 



Biologists working on planktonic populations at sea have been 

hampe:"ea by not being able to make :--eal-time decisions in their 

sampling program because of the difficulties in identifying and 

enumerating zooplankton samples on a moving ship. Settled plank

ton volume can be readily obtained at sea or, an eye-orde:---of

magnitude estimate can be made if the species of interest is 

easily seen in the sample. Electronic pa:--ticle size analyzers a:--e 

now in field use (Pugh, 1978; Herman and Dauphinee, 1~8U) but 

they don't always discrirninate the species or life stages under 

study. If conditions are suffiCiently stable, standard so:--ting 

methods of subsampling and mic:"oscopic examination of preserved 

samples can be employed which are tedious and time consuming. but 

for the most part" the ship I s inherent movement and vibration 

make it virtually impossible to car-ryout any routine microscopic 

identification required for decision making in an experimental 

program. 

Recently, silhouette photography has been employed by Urtner 

et al., (1979) and Edgerton (1901) to identify live zooplankton 

collected at sea, as well as to look at their fine-scale patchi

ness USIng an in situ silhouette camera system (Ortner et al., 

1981). In brief, a shadow image of captured zooplankton is made 

on f ..Lne-graln posi ti ve film by exposure to an electronic flash of 

short-pulse duration. The resulting negative of the plankton sil

houettes is sufficiently aetailed that it can be viewed directly 

or enlarged, depending on the size of the organism, and 

- 2 -



iaentified to species level in many cases. 'ihis simple but 

elegant technique has now made it possible for rapid and routine 

iden'tlfication of zooplankton samples at sea for ready analysis 

that nor~mally would be a time consllining process ashore after the 

cruise. At the Northeast Fisheries Center (Nf.tC), we have succes

sfully employed silhouette photography techniques at sea since 

1978 to identify ana track fish egg and larval concentrations to 

determine their dispersal and fine-scale distribution in relation 

to their zooplankton food organisms CLough, 1979; Lough ana 

Laurence, 1981). ~e report here the development of our shipboard 

processing methods that permit the complete enumeration of a 

plankton net sample, including size frequency analysis, within 20 

minutes after collecting. 

hE.THODS 

Zooplankton samples are routinely collected on the northeast 

continental snelf as part of ht..FC I S i',A.Ki";J-1P }.iro,sram (Shennan, 

1980). Paired large (61 cm) and small (20 cm) bongo samplers are 

used with nets of 0.505- and O.333-mm mest} on tne lare,e bongos, 

and 0.253~ (or 0.053-) and 0.165-mm mesh on the small bongo (Pos

gay and harak, 1980). Oblique hauls are made to a maximum depth 

of 200 m and, depending on the depth to bottonl, a large bongo net 

filters between 100- and 1000 m3 of water which results in a 

typical settled plankton volume between 20- and 1000 mI. A flow 

chart of the shipboard processing procedure fo: quantitative 

analysis of the plankton sample is 3hOl-In in Table 1. 
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The unp:--ese:--ved plankton sample is fi:--st put into a la:--ge, 

wide-mouth container (gallon) which has been marked on the side 

to known volumes. 'lhe seawate:-- level is typically b:--ought up to 

t,he 3000 ml ma:--k, sti:--red to a homogeneous suspension, and a 

100-ml aliquot is taken with a plastiC dippe:--. At this point in 

the sample p:--ocessing, one may choose to make a second aliquot of 

greate:-- dilution for identifying the rno:--e abundant, smaller 

organisms. ThJ~ough a few preliminary t:--ials the app:--opriate 

aliquot can be estimated for the organisms of interest. 

Generally) we t:--y to end up \"ith a subsample of 100-200 organisms 

in the final count! \'>ihich is usually sufficient to enumerate the 

th:--ee to six dominant copepods found in the region. Ihe aliquots 

are put into pint jars, appropriately labeled, fo:-- t:--ansfer to 

the ship's da:--kroom. 

1n the da:--Kroom with safety lights on, an Eastman kodak 

fine-grain positive film 7302 is placed in a lucite box (8" x 10" 

x 5") specially constructed to match the dimensions of the film 

(see Figure 1). 'lhe plankton aliquot is pou:--ed on top of the 

film, being careful to use just enough rinse wate:-- to completely 

cover the bottom (ca. 1 em). 'lhe box is placed on a gimbaled 

framework to stabilize the sample against excessive ship's 

motion, and when the sample appears to be randomly distributed on 

the film, the film is exposed by an electronic flash of short 

duration (3x 1 0-6 sec.) from a xenon bulb (l:..G&G, i.nc., J:XbA). The 

flashbulb is located on the ceiling about 1 m from the film. 1he 

exposed posi ti ve is then deve.ll:ped according to film instructions, 

adjusting development time to prOduce t,he sharpest negative. 
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Upon dr-ying, the develolJed negative is r-eady for- viewing by 

tr-ansmitted light to identify, count, and measure the species of 

zooplankton from their silhouettes. In the first stage of en

umeration, the negative is placed on a translucent electr-onic 

measuring tablet atop a lightbox which is part of a digital image 

analyzer system (Carl Zeiss hOP3). Total silhouette counts and 

length measurements are made by the identifier on the large or 

less numerous taxa such as fish eggs and larvae, chaetognaths, 

euphausiids, etc., using the opto-electronic pen. The taxa point 

counts and length measurements are stored in the console 

microprocessor and a printed recora is kept of the talll.es and 

length-frequency summaries. Data from the [-lOP3 system also can be 

interfaced directly with the larger comlJuter. Identifiers find it 

helpful to overlay the negative with a clear acetate sheet marked 

off with about 30 squares to systematize the counting and protect 

the negative from ink tracings. Also, a magnifying lamp of 5-10x 

may be used if necessary. 

The second level of enumeration for the smaller, more 

abundant zooplankton requires the examination of a smaller por

tion of the silhouette negative under higher magnification. we 

have found a microfiche reader to be an excellent at-sea tool for 

this purpose. Cur reader is a .bell & Howell (AbR-l010) molded 

plastic unit with dual lenses. An assortment of lens magnifica

tions ar-e available but we find the 29x to be adequate for rOl):

tine identification. lhe standard reader- fiche/jacket carriage is 

4"x6", so .that for convenience in viewing and storage, a 

representative subsample of the 8"xl0" negative is cut out using 
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a 4"x6" template. The cut negative is inserted into the reader 

jacket carriage and a smaller acetate-marked square (1.5"x 1.5") 

is positioned on the negative that represents 1/32 of the 

original negative. The organisms within the 1/32 square are 

identified and counted on the screen by following parallel lines 

marked within the square. An acetate millimeter scale made at the 

same magnification being viewed is used by the identifier to make 

measurements on organisms directly on the reader screen for rou

tine length frequencies, as well as to aid in the separation of 

species or stage of development based on size. 'lhe zooplankton 

counts are recoraed on a counter array and talliea on a log sheet 

(Table 2) prior to computer entry. A more efficient way of enter

ing the data directly into the computer is being developed by the 

use of a special sorting log sheet that can be overlaid on the 

electronic grid tablet. 

The zooplankton data is processed by a small personal com

puter, a Commodore PET 2001 Series (32~ memory) linked to a Dual 

0r i ve floppy Disk !'lodel 2040, a Tractor Printer l'lodel 2022, and a 

wATANAbE DIGIPLUT plotter l'iodel WX4671. The plankton counts are 

standardized to number per m3 and m2 and the taxa are printed in 

abundance tables and distributional plots, as well as various 

length-frequency summaries and plots. 

A preliminary estimate of the precision of the silhouette 

subsampling method used at sea was made by a series of repeated 

counts on the two levels of subsampling. The second level of sub

sampling also was compared to a series of repeated counts made 

using the standard Folsom plankton splitter method (l':cJ::.wan et 
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lj30th of the 

\121:"e taken I:ii th rer,10C8'T1Ent, a silhQuette photo made, and the 

I01 ng taxa (,eret-uJlied from each total silhC){Jette~ S~gi tta 

el 

vari2bil i ty l:i2S estir,latec1 for each taxa by cal cuI 

the aritJll,1etic mean, standard deviation; cOf'fficier1t of varia-

tion, standard error of the nee-ifl, and 95% limits of the [nean 

(Sne--lecor and Cochran, 1967). In the .::occond expeLiment, eight 

sepcH.-ate silbouette counts here \~\ade on 1/32 es fr,:.)!) ()nc 

t of the planh:-

ton eo Then, l1sin:j the Folsom plankton spl itter c the ~;ar:ie 

IJ?ntiona1 Enanner" Thus, eocb of the ei<Jht subsamrles frem tbe t'dQ 

methods represent>2d 1/960th of tl12 original plankton sc:mple. 

ankton identified [rom the subsar·,ples \',.'35 standardized to 

nurnber Fef n3. Stari:ard statistical mecsures of sample 

var iabE i tv \;cre ciej2in calculated for comparis0n. 

RESULTS 

l" total of 375 plankton sClmples "J,"re ic1entifiL,(l and en-

Uf;)erated by the si1hou(~tte photography method on a spring 1981 

ALB,",T'R03S IV cruise over 11 (~cys of sampling. !',esh size of the 

20rnples processed included 0.333- g 00165-, and O.064--mm 2r>:,rture. 

An excmp1,? plot of Gadid EggS collt:ctE:'Cl [roEl the initial 0 
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gr-id sur-vey (s-cations five miles apar-t) on soutneast Georges tank 

is shovm in rigure 2. 1wo technicians around the clock we?"'e 

r-equir-ed to accomplish tnis level of real-time sample processing. 

Gne technician usually is responsible for- making the initial 

sample aliquots and developing the silhouetteSic.he other per-

for-ms the species identifications, counts, measurements, and pro-

duction of standar-d computer- listings and plots. ~n pr-actice, a 

single plankton sample takes about 20 minutes to pr-ocess fr-om the 

time it enters the wet lab to the pr-oduction of a standar-d 

species list. Total pr-ocessing time depends on the net mesh size 

used, tl1e volume of plankton collected, the level of identit'ica-

tion r-equir-ed and, of cour-se, the skill of the identifier. Our 

~~ChiSS, electronically-controlled opening/closing nec. (~ieDe et 

al., 1976) collects nine samples in one haul which have to be 

p?"'ocessed in batch mode, assembly-line fashion. 

~he silhouette photographs made during the cruise on live 

planKton samjJles are exceptionally sharp and detailed, compareo 

to preServed samples, \rJhich greatly facilitates identification 

(figure j). Lead, opaque sjJecimens often obscure some important 

structu?"'al detail on the silhouette. The dominant copepods on 

Geo?"'ges bank are Cal anus finmarchicus, Pseudocalanus sp., 

Paracalanus parvus, Centropages typicus, ~ hamatus, and Uithona 

similis (Bigelow, 1926; Sherman and Jones, 1980; Cohen and Lough, 

1982; Davis, 1982). 1hese copepods can usually be identified to 

species I sex, and copepodid stage from the silhouettes i'lii 1:.0 

reasonable certainity. however, Pseudocalanus and faracalanus 

cannot be readily separated from thei~ silhouettes, but their 

, 
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copulation occur in r!;ay-~,]LJne 2nd lober? reslJec-

tively, I;!hich r.:ends to rc-duce the rroblem. Alsop the sex of adult 

Pseudocalanus is often question2ble because the fi fth le:j is not 

usuiilly visible. ~lost of the cOP0fod nCluplii are lUflfed, but 

those of Calar-~s ~ and ~~:~tr~r"''J(:;:;s rind sane others c.:m be 

identified rrom their silhouettes. Fish c-ggs and lcirvae cannot 

usually be identified to species level on the basis of their 5il-

uettes alone as t.he~i ure o[>aque an-d markinCjs are 

[tant characteristics for- ration. 1\.t1 experienced tech-

mC12m famil -rar ',yith the faur,a can tentatively identify most 

(90%) of the ()rgdni~:rls found in the e :~il 

ng on the pI cmkton sam-

ples back in tbe laboratory. tentative identiricat Ci'm be 

confinned or at least tbe propJrtion of sFx"cies vli thin an 

a ned taxa can be estinC1ted. 

in 'Tables 3 

and 40 Total silhouette counts frem the 12 lcate 1/30th 

t.he four taxa 0 The e counts \;s(e nocmally distributed cind 

UL;rerore did not 

only 13% and 21% for 

of 91 and 49, respecU"!ely, The 95% confichcnce lir:<its ,='[2 qui te 

~r,:jll for the nore 2bundant tcn~~a. so that· the fac 1-or of four con-

touring of the Gad id E~YJS used in Fi9ure 2 is 2F'propciAte. 

- 9 -



l'urther subsampling (1/:52) of a total sllhouette for copepod 

enumerat.ion Uable 4) showed a sirnilar range in the coefficients 

of variation (21-87%) for the dominant taxa, which dec:",eased \,Ji th 

an increase in the mean number of individuals ranging from 46 to 

6'72 per m3. 'lhe total copepod category represents the dominants 

plus the less COmtllOn taxa found in the sample. The same taxa en

umerated by the folsom splitte:", always had somewhat higher means 

than those estimated f:"'om the silhouette method, and thei:'" coef

ficients of variation were smaller (17-49%). A t-test comparing 

the means for each taxa indicated significant differences at the 

1% level, except for F'seudocalanus Spa adults. bo reason is 

apparent for these differences between the two methods unless it 

is related to the fact that fe\1er organisms were usually counted 

in the silhouette subsamples. The silhouette estimates may be im

proved by including a second 1/32 square to increase the nUll:ber 

of organisms actually counted in the subsample. In either case, 

the 95% confidence limits are estimated to fall within 

approximately half to double that of the mean for the more 

abundant taxa. The 95% limits for a single net haul has been pre

viously found to usually exceed half or double the observed value 

regardless of the type of net, haul, or organism (vviebe and Hol

land, 1968; wiebe et a1., 1973). 

UISCUSSIOh 

Rather sophisticated computer-processing of zooplankton sam

ples is being developed using image formation devices and pattern 

recognition techniques (Jeffries et al., 1980). :::0 far the larger 
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zooplankton species can be accurately identified to group, such 

as copepods, chaetognaths, euphausiids, based on repeatable mor

phometric relations. Present drawbacKs to electronic identifica

tion besides the inability to discriminate to species level, are 

the sample preparation time (24+ rilinutes), which may involve 

pre-sieving to remove smaller organisms and detritus, and the 

fact that the organisms or their silhouettes must be spatially 

separated for viewing so that discrete imag~s can be perceived by 

the vidicon monitor. Once the sample preparation is complete, 

however, processing by the processor-controlled vidicon system is 

extremely rapid. 

Ihe silhouette subsampling and processing method used at sea 

as described in this paper represents a stand-alone, in-hand 

decision making system that allows the operator to decide on pro

per orientation of the organism and foc~s on important but subtle 

detail necessary to identify it down to species and even stage of 

development. Small organisms collected by fine mesh nets also can 

be processed by this method. Sample preparation is minimal so 

that processing time is reduced to about 20 minutes total. Also, 

this system is relatively inexpensive and a variety of the com

ponents are available to suit the needs of the investigator. 

Another advantage of being able to process live zooplankton at 

sea is to make more accurate biomass measures since shrinkage of 

many zooplankton is considerable in preservative. In spite of. 

these advantages, the crucial factor in this method of processing 

zooplankton samples is the technician skilled in plankton 

identification. 
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Table 1. Flow chart for quanti tati ve, shipboard zooplankton sample processing based on silhouette photography. 

PRINTOUT 

LENGTH-FREQUENCY 

LAB LOG 

SHEET 

~ 

SAMPLE COLLECTION 

r 
ALIQUOT 1: LARGER, FEWER ORGANISMS 

ALIQUOT 2: SMALLER, ABUNDANT ORGA~ISMS 

! 
SILHOUETTE PHOTOGRAPH(S) 

oJ. 

SIU10UETTE TOTAL COUNT, MEASUREMENT ON SELECTED SPECIES 

1 DIGITAL IMAGE ANALYZER . 

~ SILHOUETTE SUBSAMPLE COUNT, MEASUREMENT ON ALL SPECIES 

I MICROFICHE READER 

1 
COMPUTER 

[ DISC MEMORY -~'~L------'r-----'--~ 
1 1 

PRINTER PLOTTER 

1. No. per unit volume 1. Distribution-abundance 
2. Length-frequency data 2. Distribution-size,biomass 
3. Community indices 3. Length-frequency plots 



Table 2. Example of zooplankton sorting log used at sea to record taxa identified from 
silhouette photographs. 

H~M( C/"S 
RL BAT 1\0 $£ I V B I -05 STATION ("I DATE 2-7- y- S! 

/'31'-1- U , <> / /' 
TIME/Jzr LAT..l(/tJ7 LONG.Co2 3S- GEARt10Cl I1ESH33"S ;.;pie> 
VOL.FIL ~ 1/ V " 
~. z.s-/,~n,~ DEPTH 10-]51"") SPLIT /60 . /3 c 

COPEPODA cI ell eIIl elV CV F M T ZOOPLANKTON 

I ! I I ! I I 
ACARTIA I I I I I I - Iz (2.) 

"-'" HYDROIDS /13) 
C. FTi./MAR. 1 12 I 7 Il~ 1 15 1 f 1 I@ CARIDERN ZOER 

c. HAMATUS I I l I It I If 
1":::\ CRANGON ZOER I \~) 

P SE",r:;CCRL. I 1 I I ~3 I '30I-i~ -1/ ( t?5V PRGURUS ZOEA 1(2) 
I I I I I I I I \1ETRIJIA I I CRAB ZOER 
I i I I I I I :BARNACL E NAUP. I PARACF1LANUS I 

--r-"A~-A 1 ::,,'i0i\ I I I I I II I ( ICD BARNACl E CYPR. I 
I I I ,. I I I I (0. PLEiJROMR. I I I I I I CHAETOSNATH Sf? '-'j 

HA~PACTJC. ! I I I I I I FISH EGG IrO 
OITi~}ONA I I I I I I I FISH LARVAE 

UNI!)ENT. j I 
I I I I I I® POL YCl-/AE"TE mo. I 

c. i'(PICUS I 1 3 I .~ 16 I ~ 1-' @ POL YCl-fA8E LRR.I . 

pc:-.1r'J PA'-'A NAJa _::..Vv· .1"( l. l I I I I HYPERI!!) RMPHI.I 

CRL/mUS NAU I I I 
I I I I JSOPOJ)A 

PSEUDO -fAR.'1 C. I I I I I I BIVALVIA I 

OlTHONA NlW~. I I I I I I LARVACEAN 

CENTRO. NAUr. l \ I I I I C L A.DOCrR AN 

I I I I I I GASTROPODA 

I I I I I 

I -- I HY.:DROMEDUSRE 

I I I I I I ECH1NOD LARV. 

~ \ I I I I 
I I [ I I l I 

I I I \ I I 
I I I I I r I I I 
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Table 3. Total silhollette enumeration of fOllr taxa from station 46 bOllgo-net salllple (0.333-mm mesh) and some standard statistical measures of subsampling 
variability based on 12 1/30th aliqllotes. 

TAXA 2 3 4 5 6 7 8 9 10 11 12 Mean Std Dev. Coef. Val' Std Error 95~6CL 

~ (~o of Mc,~ 

S I L110UETTE COUNT 

S· 1 I ~~gltta e egans lOll 84 66 87 106 105 9S 86 86 103 92 81 90.9 11.7 13 3.4 42.3-55.3 
(87-113) 

CaJid 0ggS 49 SO 73 47 52 32 50 57 53 41 41 41 48.8 10.2 21 3.0 83.5-98.3 
(92-108) 

Cadjd 1 al'Vcle .3 4 ) 0 3 0 2 1 . () 1.2 75 0.4 0.8-2.4 
(50-153) 

Alllllloe!ytes sp. 
larvae 5 0 0 2 2 2 0 0 4 1.5 1.6 107 0.5 0.5-2.5 

(33-167] 

STANDARDIZED NCI./M~5 

Sa~£~ "Jegans 20 16.8 13.2 17 .8 21.2 21.0 19.0 17.2 17.2 20.6 18.4 16.2 18.2 2.3 13 0.7 8.5-11.1 
(87-113) 

Cadle! eggs 9.8 10 14.6 9.4 10.4 6.4 10 11. 4 10.6 8.2 8 ~ . " 8.2 9.8 2.1 21 0.6 16.7-19] 
(92-108) 

Cadid larvae 0.6 0.8 0.2 0.2 0.4 () 0.6 0.2 0.2 0 0.4 0.2 0.3 0.3 78 0.1 0.2-0.5 
(67-167) 

!\Jllmodytes s1'. 
--Ii:lrvae 0.2 1.0 0 0 0.2 0.4 0.4 0.2 0.2 0 0 0.8 0.3 0.3 114 0.9 0.1-0.5 

(33-167) 

Length-fr,'qL18flcy distribution made from one silhollette sllbsilmple: X~ 17.7 mm, S.D.~ 6-.3, N~ 96, j{ilnge~ 4-26 mm. 



Table 4. Enumeration of dominant copepod taxa (no./m3) from station 56 bongo-net sample (0. 333-Ulll mesh) based on eight replicate counts of 
the silhouette photograph method (1/960th aliquote) and standard plankton splitting method 1/960th aliquote). Some standard statistical 
meaSLlres of subsampling variability are provided. 

SUBSAMPLE 

TAXA 2 3 4 5 6 7 8 Mean Std.Dev. Coef.Var. Std Error 95%CL 
(%) (% Mean) -----

SIUlOUETTE SUBSM-IPLE NO./M 3 

Cal anus finmarchicus 
copepodite 387 658 371 390 682 572 481 377 490 131 27 46 384-596 

(78-122) 
Pseudoca1anus sp. 

copepodite 37 37 43 30 140 43 6 30 46 40 87 14 14-78 
(30-170) 

Pseudocalanus sp. 
adult 30 85 85 18 104 55 30 37 56 32 57 11 30-82 

(54-146) 
Total copepods 511 877 59i 505 1,029 779 597 487 672 200 30 71 509-835 

(76-124) 
(Total copepods 
in subsample) (84) (144) (97) (83) (169) (128) (98) (82) (110) (33) 

SPLITTER SUBSAMPLE NO./M3 

Cal anus finmarchicus 
---copepodi te 554 554 572 554 543 627 499 846 594 108 18 88 506-682 

(85-115) 
Pselldoca1anus sp. 

copepodi te 43 146 85 30 91 79 61 55 74 36 49 13 45-103 
(61-139) 

Pselldoca1anus sp. 
adult 49 37 73 37 67 61 37 61 53 15 28 5 41-65 

(77-123) 
Total copepods 689 871 853 676 743 798 615 1023 784 131 17 46 677-891 

(86-114) 
(Total copepods 
in subsamp1e) (123) (143) (140) (111) (131) (148) (Ill) (179)1 (136) (22) 



Figure 1. Top left: view of shipboard darkroom centered on silhouette 
sample box on gimbaled platform. Top right: MOP 3 Digital 
Image Analyzer System with electronic measuring tablet mounted 
on a light box. Bottom left: Microfiche reader and counter 
array used for identification and enumeration of plankton 
silhouettes. Bottom right: Commodore PET computer showing 
main console, disk storage unit, and printer. 

Figure 2. Example distribution plot of gadid eggs (no./100m3) on the 
southeast part of Georges Bank made in realtime using the 
silhouette photography method of enumeration. Plankton 
samples were collected at each station by double-oblique 
bongo hauls (61-cm mouth diameter, 0.333-mm mesh net) on 
the ALBATROSS IV, cruise 81-03, 16-18 April 1981. The 
heavy contour lines (factor of 4) are based on sample 
variability estimates. 

Figure 3. Enlarged silhouette photograph of a 0.333-mm mesh bongo-net 
sample collected on the southeast part of Georges Bank, May 
1982. A: Sagitta elegans (14.3 mm), B: Calanus finmarchicus 
adult female (2.7 mm), C: C. finmarchicus copepodid IV, D: 
C. finmarchicus copepodid III, E: C. finmarchicus copepodid 
II, F: Pseudocalanus sp .. adult female, G: Acartia sp., 
H: hydroid. 
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