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PREPARATION OF THIS PAPER 

This publication is one of a series of FA0 manuals in fisheries science. 
It has been prepared as part of the programme of the Fishery Resources and 
Environment Division and is largely based on the work of a Working Party on 
Fish E g g  and Larval Surveys established following the recommendation of the 
Fourth and Fifth Sessions of the FA0 Advisory Committee on Marine Resources 
Research. 

Through a contract awarded to the Southwest Fisheries Center, National 
Marine Fisheries Service, La Jolla, California, the present version of the 
manual was prepared by Paul E. Smith and Sally L. Richardson. 
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PREFACE 

A Working Party on Fish Egg and Larval Surveys was established in 1963 
following the recommendation o€ :he fourth and fifth sessions of the FA0 
Advisory Committee on Marine Resources Research (ACMRR), whose terms of 
reference included the preparation of a Manual (field guide) for this aspect 
of fishery science. The contributions prepared by the Working Party members 
mainly based on the discussions of the Working Party held in Tunis from 22 
to 27 October 1969 and on further advice provided by ACbiRR during its Sixth 
Session, were recently edited by Prof. G. IIempel, and published by FAO: 
Fish Egg and Larval Surveys (Contributions to a Manual) (FA0 Fish.Tech.Pap., 
122). This provisional version has been produced for use as a background 
document during the first International Training Course on Fish Egg and 
Larval Studies, held in La Jolla from 2 to 29 September 1973 (see FAO.Fish. 
b., 144). Based on the experience gained during the course and taking into 
account the recommendation of the ACMRR that the Manual should provide a 
review of the circumstances under which egg and larval surveys are more appro- 
priate and cost-effective than other field surveys, the provisional version was 
edited and supplemented in order to provide the potential new users pf this 
survey technique with a balanced view of its value and limitations as well as 
of cost effectiveness. 

Many people have been generous with their time and thought to make this 
manual possible. The consistent support and encouragement of Dr. Elda Fagetti 
has been the essential energy behind thts work and the advice and urging of 
Dr. Gotthilf Hempel and Dr. Elbert Ahlstrom have guided the production of the 
manual. The authors of a precursor to this manual (Hempel, 1973), E.H. 
Ahlstrom, J.M. Colebrook, E. Fagetti, G. Hempel, K. Sherman, S. Tanaka have 
furnished major sections of text within this edition. Much of the procedural 
information in section 2 has been derived from procedural description (Kramer 
a d, 1972) relative to the CalCOFI surveys. Significant editing was offered 
by Dr. William Richards, Dr. William Aron, Dr. William Lenarz, and b l r .  David 
Kramer. Helpful comments were received from Dr. J.D. de Ciechomski, M.E. Diaz, 
Dr. J.A. Gulland, Dr. J .  Kinzer, Dr. R. Lasker, Dr. A. Longhurst, R. blarak, 
B. Monsalve, Dr. W. Nellen, M.A. Padilla, A.M.Perez-Franco, Dr. R.J. Rothschild, 
Dr. M. Ruivo, Dr. D. Sahrhage, Dr. H. Santander, Mr. K .  Sherman, Dr. A.C. 
Simpson, Dr. M. Vanucci, and K. Venkataramaniyam. Administrative assistance 
was received from Dr. E.F. AkyUz, Mr. Ben Remington, Mr. I. Barrett, Mr. Richard 
Schwartzlose and Ms. Barbara Rowe. Technical assistance was received from 
K. Akutagawa, F. Crowe, S. HuFei, E. Stevens and J. Thrailkill and typing was 
by Janica Scott. Dr. Sally Richardson incorporated the comments and reviews, 
unified the style of the text, and rewrote major sections and she has been 
named assistant editor for this manual. 

Paul E.  Smith 
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1. I n t r o d u c t i o n  

The p u r p o s e  o f  t h i s  manual i s  t o  d e s c r i b e  t h e  t e c h n i q u e s  n e c e s s a r y  f o r  conduct i .ng 
q u a n t i t a t i v e  i c h t h y o p l a n k t o n  s u r v e y s .  The m a i n  f o c u s  o f  t h e  d e s c r i p t i o n  w i l l  be  d i -  
r e c t e d  toward  t h e  u s e  o f  such  s u r v e y s  f o r  e s t i i n a t i n g  t h e  spawning bioriiriss o f  11cliigic 
f i s h e s .  However, i c h t h y o p l a n k t o n  s u r v e y s  have  many o t h e r  u s e s  ( T a b l e  1.1) some o f  which 
w i l l  a l s o  be  t a k e n  i n t o  a c c o u n t  w i t h i n  t h e  framework o f  t h e  t e x t , .  e s p e c i a l l y  t h o s e  
d e a l i n g  w i t h  d e t e c t i o n  and a p p r a i s a l  o f  f i s h e r y  r e s o u r c e s .  

1.1. Background 

Data  on t h e  s i z e  of t h e  s t o c k ,  t o g e t h e r  w i t h  an i n d e x  of  i t s  p r o d u c t i v i t y ,  a r e  
e s s e n t i a l  t o  u n d e r s t a n d  t h e  dynamics of  an e x p l o i t e d  f i s h  s t o c k  and t o  e v a l u a t e  t h e  
e f f e c t  o f  f i s h i n g  on t h e  s t o c k  so a s  t o  manage t h e  f i s h e r y .  T h e s e  i n d i c e s  a r r  u s u a l l y  
d e r i v e d  from l i f e  h i s t o r y  d a t a  and s t a t i s t i c s  of t o t a l  c a t c h .  V a r i o u s  methods have 
been  d e v e l o p e d  t o  produce  e s t i m a t e s  of a b s o l u t e  o r  r e l a t i v e  s i z e  o f  s t o c k s .  These 
methods i n c l u d e :  

( i )  a n a l y s i s  o f  c a t c h  and e f f o r t  s t a t i s t i c s ,  

( i i )  t a g g i n g  e x p e r i m e n t s ,  

( i i i)  o b s e r v a t i o n  o r  d i r e c t  c o u n t i n g ,  

( i v )  s o n i c  s u r v e y s ,  

( V )  s u r v e y s  o f  e g g s  and l a r v a e  

Under c e r t a i n  c o n d i t i o n s ,  e a c h  o f  t h e  methods may p r o v i d e  a r e l i a b l e  e s t i m a t e  ( i f  t h e  
s i z e  of s t o c k s .  There  a r e ,  however, c o n s i d e r a b l e  l i m i t a t i o n s  t o  t h e  a p p l i c a t i J n  and 
a c c u r a c y  o f  e a c h  o f  t h e  methods.  T h e r e f o r e ,  whenever p o s s i b l e ,  more t h a n  one inde-  
p e n d e n t  es t imate  s h o u l d  be  a t t e m p t e d .  

ies which  i n v o l v e  v a r i o u s  s o u r c e s  o f  b i a s .  Hence e s t i m a t e s  o f  s tock  s i z e  made inde-  
p e n d e n t l y  of t h e  commercial  f i s h e r i e s  a r e  v e r y  u s e f u l .  Among t h e  methods l i s t e d  
a b o v e ,  t h e  f i r s t  t w o  depend much upon commercial  f i s h e r i e s  whereas  t h e  o t h e r  ti:ree are  
l a r g e l y  i n d e p e n d e n t  o f  f i s h e r i e s .  

I n  most cases ,  much i n f o r m a t i o n  on s tocks  i s  o b t a i n e d  t h r o u g h  commercial  f i s h e r -  

C a t c h  and e f f o r t  d a t a  a n a l y s i s  h a s  been a p p l i e d  t o  many commerc ia l ly  e x p l o i t e d  
f i s h  s t o c k s .  Whenever p o s s i b l e ,  t h i s  method s h o u l d  b e  a t t e m p t e d  f o r  s t o c k  a n a l y s i s .  
An a d v a n t a g e  o f  t h i s  method i s  t h a t  t h e  b a s i c  d a t a  f o r  t h e  s t u d y  a r e  o f t e n  a v a i l a b l e  
w i t h o u t  s p e c i a l  s u r v e y s  o r  w i t h  a s m a l l  amount of a d d i t i o n a l  w o r k .  A s  c a t c h  d n d  e f -  
f o r t  d a t a  a r e  needed f o r  many p u r p o s e s  i n c l u d i n g  a d m i n i s t r a t i v e  r e q u i r e m e n t s ,  s u r v e y s  
f o r  them a r e  c o n d u c t e d  d s  g o v e r n m n t  r o u t i n e  i n  many c o u n t r i e s .  S c h a e f e r  ( 1 9 5 7 )  and 
S i l l i m a n  ( 1 9 6 7 )  p r o v i d e  good examples  o f  c a t c h  and e f f o r t  d a t a  a n a l y s i s  w i t h  a s i m p l e  
model o f  p o p u l a t i o n  dynamics .  

I n  o r d e r  t o  a p p l y  a more d e t a i l e d  model ,  s u c h  a s  t h a t  p roposed  by BevertGn and 
H o l t  ( 1 9 5 7 ) ,  a g e  s p e c i f i c  d a t a  ( e . g . ,  growth o f  f i s h ,  and a g e  s t r u c t u r e  i n  the, c a t c h  
as  w e l l  a s  d e t a i l e d  c a t c h  and e f f o r t  s t a t i s t i c s  c l a s s i f i e d  by a r e a s  and s e a s o n s )  a r e  
needed .  C o l l e c t i n g  t h e s e  d a t a  r e q u i r e s  some c a r e  b u t  g e n e r a l l y  t h e  work is n o t  q u i t e  
as  c o s t l y  as  t h a t  r e q u i r e d  f o r  s u r v e y s  a t  s e a .  

One o f  t h e  most s e r i o u s  l i m i t a t i o n s  o f  t h i s  method i s  i n t r o d u c e d  by r a p i d  changes  
i n  g e a r  e f f i c i e n c y  which a r e  now g o i n g  on everywhere  i n  t h e  world f i s h e r i e s .  Catch  
p e r  u n i t  e f f o r t  w i l l  g i v e  e r r o n e o u s  p a t t e r n s  o f  t h e  change i n  abundance i f  es t imates  
o f  major  l o n g - t e r m  changes  i n  t h e  e f f i c i e n c y  of  g e a r  a r e  l a c k i n g .  

O t h e r  d i f f i c u l t i e s  i n c l u d e  changes  i n  a v a i l a b i l i t y  and v u l n e r a b i l i t y  r e l a t e d  t o  
f i s h  e c o l o g y  and o c e a n o g r a p h i c  c o n d i t i o n s .  

. l a n d i n g s  and c a t c h  p e r  u n i t  e f f o r t ,  r e s u l t i n g  i n  i m p r e c i s e  i n f o r m a t i o n  on t h e  s i z e  O f  
t h e  s t o c k  and t h e  m o r t a l i t y  r a t e s .  
g i c  f i s h e s .  

These changes  w i l l  s e r i o u s l y  a f f e c t  t h e  

T h i s  i s  p a r t i c u l a r l y  t r u e  f o r  s w i f t l y  movirlq p e l a -  
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Mortality analysis with the catch and effort data is difficult to apply to a 
species with 2. short life span, or to a stock exploited by several types of 
each specialized for capturing different developmental stages of fish. 

Furthermore, detailed and reliable statisti-cs on catch and effort are not always 
available to fishery scientists and the availabLe data do not necessarily represent 
the stock because fisheries are often biased by their economic interest. 

Tagging fish is a very useful method for estimating abundance and has bcen 
used widely for stock analysis (e.g., ICNAF,  1963). In many cases, this method 
has provided reliable estimates of the size of stock. However, there are many 
limitations. Differential mortality sometimes makes the application of this 
method impossible. This is particularly true f o r  small sized f i s h  such as 
sardine and anchovy or small juveniles. Recove:y rate from the catch and re- 
porting rate by fishermen may be considerably l>wer than unity for the catch 
treated in mass. Tag shedding and non-random distribution of tagged fish in the 
stock are among many factors which introduce error and bias i n  the estimates. 
Cost of fish for release is sometimes exceedingly high, if a large enough number 
-are to be released for a reliable estimate. 

Direct counting by eye can be applied only f o r  large sized f i s h .  The number 
of schools of fish such as sardine could be counted but this would be performed 
much better by acoustic instruments. 

'Table 1.1. On the use of ichthyoplankton surveys. (From Hempel, 
1973) 

Detection and appraisal of fishery resources 

Exploring for new resources 

Locating spawning concentrations of important stocks 

Describing relative abundances of. commercially important stocks; 
comparison within and amongst regions 

Monitoring iong-term changes in the composition and abundance of 
resources and in spawning times and areas 

Studies in biology and systematics 

Studying the development, growth, behaviour, food requirements and 
mortality of the early stages of economically important fishes as 
related to environmental factors 

Providing a better understanding of oceanic biology, e.g., zoogeo- 
graphy and ecology of all organisms in the samples 

Clarifying fish systematics 

Studies in population dynamics of fishes 

Tracing fluctuations in spawning stocks by estimating the abundance 
of their eggs and young larvae 

Forecasting year-class strength on the basis of the abundance of 
older larvae 

Estimating abundance of a stock based on its spawning production 

Discriminating between stocks of the same species 
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Figure 1.1. A time series com- 
parison of sardine and anchovy 
biomass estimates from 1940 through 
1969. (From Smith, 1972). Dashed 
lines represent interpolations be- 
tween non-adj acent years. 

0 - sardine biomass from 1940 to 
1959 calculatqd from the fish- 
ery by Murphy (1966) 

A - sardine biomass from 1951 to 
1969 derived from a regression 
estimate of the.relationship be- 
tween the Murphy biomass esti- 
mate and the sardine larval 
index (Sections 2.4., 2.5.) 
determined during the refer- 
ence years 

o - anchovy biomass from 1940 to 
1959 derived from the ratio 
of anchovy larvae to sardine 
larvae and the Murphy sardine 
biomass estimate 

A - anchovy biomass from 1951 to 1 9 6 9  
derived from a regression estimate 
of  the relationship between the 
anchovy tonnage calculated from 
the anchovy: sardine larvae ratio, 
and the anchovy larval index. 

a - Murphy estimate of anchovy 
spawning biomass by 3-year 
averages (Murphy, 1966) 

Sonic survey is acquiring more and more importance owing to the recent develop- 
ment in acoustic instruments. Although the results obtained to date are not as num- 
erous as those provided by the catch and effort data analysis and tagging experiments, 
the importance of sonic surveys in the future is expected to be extremely high. This 
method is used for locating fish schools and even individual fish. However, the in- 
terpretation of sonic records requires sampling by fishing operations or other means, 
such as photography or submersible television to identify the kind of fish. It is 
difficult to intercept all parts of the stock if fish are moving rapidly either hori- 
zontally or vertically unless a number of vessels are used simultaneously for a sonic 
survey. Methodological limitations of sonic surveys have been considered by Forbes 
and Nakken ( 1 9 7 2 ) .  

There are several marked advantages in using fish eggs and larvae to monitor 
adult populations and estimate biomass. The early life history stages of fishes are 
restricted, by depth, usually to the upper mixed layers. The passive eggs and feebly 
swimming larvae are quite vulnerable to capture. Many marine fishes have pelagic 
eggs and most have pelagic larvae. Thus, it is easy to quantitatively sample several 
species over broad areas with a simple plankton net. This type of gear can be 
handled by a wide variety of vessels without major installations of equipment. The 
increase in cost for adding species to be studied for biomass estimates is much less 
when eggs and larvae are used than when adults are used. The index of larval abun- 
dance obtained from ichthyoplankton surveys has been shown to provide a reliable esti- 
mate of biomass, e.g., for sardine and anchovy ( F i g .  1 . 1 )  a n d  Pacific mackerel 
(Fig. 1.2). 
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Figure 1.3. 
dance of eggs and the adult catch of an- 
chovy in the following fishing season in 
the Pacific waters along Honshu. (rs=.91, 
r = . a s ) .  (Data from Hayashi, 1961). d 

Correlation between the abun- 

There are additional benefits to be 
obtained from ichthyoplankton surveys pri- 
marily designed to estimate spawning bio- 
mass. The samples contain not only fish 
eggs and larvae, but also part of their 
potential zooplanktonic food and predators. 
Modern oceanographic techniques allow sim- 
ultaneous measurements of the physical and 
chemical environment of planktonic commun- 
ities. Trends of water motion can be esti- 
mated. The survey can detect spatial and 
temporal isolation efficiently over wide 
oceanic areas and thereby help define unit 
stocks of fish upon which fishery manage- 
ment normally depends (Gulland, 1969). 
Spawning distributions delimited by sur- 
veys tell when and where the fish will be 
concentrated for efficient capture. Re- 
sults from the survey can be used for mon- 
itoring changes in the species composition 
and diversity of the communities in which 
the fish stocks reside. Data obtained can 
be used for forecasting the stock size in- 
to the next fishing season (Fig.1.3.) and 
for forecasting the year class strength of 
a species. Ichthyoplankton surveys can 
also contribute information on new stocks 
of fish with commercial potential (Ahl- 
strom, 1368, Gulland, 1970). 

Problems associated with the use of 
ichthyoplankton surveys to estimate spawn- 
ing biomass are of a taxonomic, technical, 
and statistical nature. Problems involved 
with identification stem from the fact 
that earlv life historv staqes have been 

described in the literature for relatively few of the species. A i s o ,  there are a 
limited number of specialists who are broadly knowledgeable in the identification 
of fish eggs and larvae. These problems are surmountable (Sections 2.2., 4 . ) .  
Technical problems involved with the survey require an adequate staff be assembled 
to handle the collection and processing of samples which may be extensive. Also, 
high standards must be maintained during the sampling process for quantification and 
comparison of data (Sections 2.1.2., 3 . 2 . ) .  The statistical problems are inherent 
in the oceanic sampling process and require the ability to interpret difficult dis- 
tributions of sample data (Section 3.1.). 

1.2. scope 

This manual describes recommended standard procedures for conducting quantita- 
tive ichthyoplankton surveys for spawning biomass estimates. This description (Sec- 
tion 2.) covers survey planning and field operations, laboratory procedures, data 
summarization, making census estimates, and estimating the spawning biomass. Theoret- 
ical considerations of the problems and biases involved with the recommended proce- 
dures are discussed in Section 3 .  

A large selected biblicgraphy on ichthyoplankton surveys (FA0 Fisheries Circular 
7 0 6 )  is being prepared to complement this manual. In addition to papers on survey 
methods and results, the bibliography includes references on species identification, 
which is outside the scope of this manual, and tables of cross references of the 
papers on survey results and species identification by qeographic area and taxonomic 
group. In cases where there are no published works and fish must be reared for identi- 
fication purposes, the bibliography of May (1971) should be consulted for references 
on appropriate culture techniques. 
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2. Recommended Procedures for Conducting Ichthyoplankton Surveys for Spawning_ 
Biomass Estimates 

The chief barriers to the successful execution of surveys and delivery of survey 
results are 1) underestimation of the necessary technical effort, and 2) imprecise 
definition of survey objectives. Most new ichthyoplankton surveys will encounter a 
mixture of new problems, specific to the survey area, and problems which have been 
well-defined and solved in older surveys. This section of the manual will be directed 
toward the standard methods recommended on the basis of survey experience so that the 
newer surveys may best encounter and solve the problems specific to the new survey en- 
vironment. 

The planning staqe is likely to be the most important part of the survey for this 
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Figure 2.1. An example of a cen- 
tric systematic area sample grid 
(Milne, 1959) superimposed on a 
hypothetical coastal spawning 
area. The solid dots represent 
complete biological oceanographic 
sampling stations and the " X ' s "  
represent supplementary stations 
for detailing coastal gradients. 
The lines connecting the stations 
represent a possible method of oc- 
cupying each station with two ships. 
The diamond-enclosed "X". represents 
a test station occupied by both 
ships on each cruise to check the 
completeness and operability of 
the ship's survey equipment and to , 

is where the objectives of the sirvey are 
compared with monetary and personnel re- 
sources. The commitment of money and time 
to the surveys is an irreversible step. 
To minimize risk, it is necessary to set 
phased re-evaluations of objectives and 
survey performance. This process should 
be incorporated into the planninq so that 
the tactics of the survey may evolve to- 
ward the most effective delivery of survey 
results. 

2.1. Field Operations 

In this example, it is considered 
that the field operations will be con- 
ducted from ships 15 to 100 meters in 
length which are equipped to make plankton 
tows and hydroqraphic observations. 

2.1.1. Cruise Plan and Personnel - 

Normally the cruise plan (Section 
3.3.) is prepared by the chief scientist 
and the chief marine technician. After 
the cruise track is prepared, it is dis- 
cussed with the ship's captain. Figure 
2.1 shows a two-ship cruise plan to mea- 
sure the extent and intensity of spawning 
in the outlined area. 

I Log sheets ("Captain's sheets") which 
list the desired stations and their posi- 
tions, the order in which the stations are 
to be occupied, the captain and the navi- 
gator €or  the cruise ship, the rnontli a n d  
y e a r  o f  the cruise, and the name of the 
ship (Fig. 2 . 2 )  are filled out by the 
chief scientist and the chief marine tech- 
nici.in before each cruise. During the 
cruise, information is added to these 
sheets including station position actually 
occupied, the day of the month, the time 
of arrival to and departure from the sta- 
tion, and the method for locating the 
station position. Omitted stations are 
noted and the order in which the stations 

compare the performance of each , were actually occupied is corrected accord- 
ship's measuring equipment. 4 ingly. 
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STATION REOUIREMENT SHEET 

Figure 2.3. Station requirement 
sheet. (Courtesy University of 
California, Scripps Institution 
o f  Oceanography.) 

2.1.2. Sampling System 

The chief scientist and the chief 
marine technician also fill out a station 
requirement sheet, (Fig. 2.3.) which lists 
the stations the same as the "Captain's 
sheets" but includes additional information 
of the number and type of observations to 
be carried out on each station. Copies 
on this sheet are provided to each cruise 
leader (one of whom may be the chief ma- 
rine technician). Following the descrip- 
tion of the cruise on the station require- 
ment sheet, the chief marine technician 
and the cruise leader seleCt the marine 
technicians and watch leaders required for 
each cruise. Following the selection of 
the scientific staff for the cruise, a 
cruise announcement is issued which pro- 
vides the beginning date and the proposed 
final date of the cruise, the objectives 
and procedures for the cruise and the per- 
sonnel who are to conduct the cruise. 

It must be stressed that having an 
experienced, responsible marine technician 
(who may also serve as cruise leader) is 
essential to the success of the survey. 
Duties assigned to the chief marine techni- 
ciar. go far beyond those involved with 
setting up the cruise plan. He is respon- 
sible for seeing that the station proce- 
dures (Sections 2.1.2., 2.1.3., and 2.1.4) 
are carried out correctly for each station 
that is o c c u p i e d ,  

The recornended sampling system requires that the ship be equipped with a hydro- 
graphic winch with more than 400 meters of standard hydrographic wire (i.e., 0 . 4 8  
cm in diameter), a meter block or a metering system on the winch to measure the 
amount of wire out and an anqle indicator (inclinometer) to measure the angle at 
which the wire enters the water. 

2.1.2.1. The Sampler 

The Bongo net (Figs. 2.4 and 2.5) towed at slow speeds, is recommended as the 
best type of simple gear fished from hydrographic winches for ichthyoplankton surveys. 
It provides a minimum of variation in the biases caused by uneven filtration per unit 
depth, avoidance of the net, and escapement or extrusion of organisms through the 
meshes. This recommended "slow" Bongo equipment is derived from bridle-free plankton 
nets (McGowan and Brown, 1966). It incorporates simplifications from the original 
opening-closing design suggested by Posgay, Marak, and Hennemuth (1968) as well as 
modifications made by Smith, Thrailkill, and Vrooman (1971)* after extensive compar- 
ison of the Bonqo net and the CalCOFI standard net (Vrooman, 1 9 7 2 ) . * *  

The Bongo towing frame (Fig. 2 . 4 )  made of anodized aluminum, consists of two cir- 
cular frames, each 0 . 6  m in diameter, connected by a central yoke to which the towing 

- 
* Cruise Report. David Starr Jordan # 5 9 .  Dated April 1971. On file at Southwest 

* *  Cruise Report. David Starr Jordan # 7 0 .  Dated June 1972. On file at Southwest 
Fisheries Center, La Jolla, California. 

Fisheries Center-Jm California. 
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F i g u r e  2 . 4 .  The Bongo n e t  recom- 
mended f o r  i c h t h y o p l a n k t o n  samp- 
l i n s .  

A f l o w m e t e r  is mounted i n  t h e  mouth o f  
e a c h  n e t  ( F i g .  2 . 5 )  t o  p r o v i d e  d a t a  o n  t h e  
volume o f  water  f i l t e r e d  d u r i n g  e a c h  t o w .  
T h i s  i n f o r m a t i o n  i s  e s s e n t i a l  f o r  q u a n t i -  
f i c a t i o n  o f  t h e  d a t a .  

2 . 1 . 2 . 2 .  The Towing P r o c e d u r e  a n d  Data 
R e c o r d s  

The s t a n d a r d  t o w i n g  p r o c e d u r e  i s  modi- 
f i e d  f rom K r a m e r  % e. ( 1 9 7 2 ) .  An example 
o f  a n  on -deck  a r r a n g e m e n t  f o r  mak ing  p l a n k -  
t o n  t o w s  i s  p r o v i d e d  i n  F i g .  2 .7 .  

The d a t a  s h e e t  - B e f o r e  t h e  s t a t i o n  i s  
o c c u p i e d ,  t h e  f o l l o w i n g  numbered items a r e  
r e c o r d e d  o n  t h e  p l a n k t o n - t o w  d a t a  s h e e t ,  
a s a m p l e  o f  w h i c h  i s  i n  F i g .  2 . 8 .  (The  
d a t a  s h e e t s  are  made o f  a water r e s i s t a n t  
l i n e n  w h i c h  w i l l  n o t  d e t e r i o r a t e  when 
h a n d l e d  o r  when w e t . )  

I t e m  1 C r u i s e  

I t e m  3 Date 

I t e m  4 O r d e r  o c c u p i e d  

I t e m  5 S t a t i o n  
I t e m  11 N e t  number  ( =  mesh s i z e )  f o r  

Item 1 2  Meter number ( =  f l o w m e t e r  

r e g u l a r  and  f i n e  mesh.  

number )  f o r  r e q u l a r  and  f i n e  
mesh.  

w i r e  i s  a t t a c h e d .  Thus t h e r e  a re  n o  
b r i d l e s  i n  f r o n t  o f  t h e  mouth o f  t h e  n e t .  
A 22 k i l o g r a m  d e a d  w e i g h t  d e p r e s s o r  i s  s u s -  
p e n d e d  b e n e a t h  t h e  f r a m e  ( F i g .  2 . 5 )  f o r  
mak ing  s t a n d a r d  o b l i q u e  t o w s .  

The t o w i n g  f r a m e  i s  f i t t e d  w i t h  t w o  
c y l i n d r i c a l - c o n i c a l  n e t s  ( F i g s .  2 . 4 ,  a n d  
2 . 5 )  made o f  N i t e x  o r  e q u i v a l e n t  m o n o f i l a -  
ment  n e t t i n q  p r e f e r a b l y  o f  a d a r k  c o l o r .  
One n e t ,  wh ich  i s  t h e  ' p r i n c i p a l  i c h t h y o -  
p l a n k t o n  s a m p l e  n e t ,  h a s  a 0 . 5 0 5  mm mesh.  
The o t h e r  n e t ,  w h i c h  may b e  u s e d  f o r  plank-  
t o n  b i o m a s s  s t u d i e s  or f i s h  e g g  a n d  l a rva  
e s c a p e m e n t  a n d  e x t r u s i o n  s t u d i e s  ( L e n a r z ,  
1 9 7 2 ) ,  s h o u l d  h a v e  a 0 . 3 3 3  rrm mesh .  The 
u s e  o f  " s o f t "  c o d  e n d s  ( F i g .  2 . 6 )  i s  recm- 
mehded p r i m a r i l y  a s  a m a t t e r  o f  h a n d l i n g  
ease.  Sample s p i l l a q e  h a c k  i n t o  t h e  n e t  
i s  less l i k e l y  t o  o c c u r  t h a n  w i t h  2 " h a r d "  
c o d  e n d .  The cod  e n d s  a r e  made o f  t h e  
same t y p e  n e t t i n q  a n d  mesh s i z e  a s  t h e  
ma in  p a r t  o f  t h e  n e t .  The n e t s  a n d  t h e  
c o d  e n d s  a r e  c o l o r - c o d e d  f o r  e a s y  r e c o g n i -  
t i o n  a n d  ma tch  up  o f  mesh s i z e  ( e . q . ,  r e d  
f o r  t h e  . 5 0 5  mm mesh and  b l u e  f o r  t h e  . 3 3 3  
mm m e s h ) .  

F i g u r e  2 . 5 .  D i a g r a m m a t i c  view of 
t h e  recommended Bongo n e t :  1) 
0 . 4 8  c m  (3 /16  i n . )  c a b l e  f r o m  
meter b l o c k  o n  r e s e a r c h  v e s s e l ,  
2 )  f l o w m e t e r  s u s p e n d e d  w i t h i n  
t h e  mouth o f  e a c h  n e t ,  3 )  2 2  k g .  
( 5 0  l b . )  h y d r o n r a p h i c  w e i g h t .  
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Item 14. Initial flowmeter reading (carryover from last tow) for regular and 
fine mesh. 

Additional data to be recorded during the tow are mentioned as the towing procedure 
is described. 

The tow - After the gear is assembled and the data sheet for the plankton tow is -- 
prepared (as outlined above), the tow is readv to begin. The net tow is made off 
either side of the ship as follows: (Tows off the stern are not recommended because 
of turbulence from the ship's propeller.) 

1. The ship is stopped ofi station. Bottom depth on station is requested from 
the bridge and recorded in the lower left-hand section of the data sheet. Note: The 
bottom depth will determine the depth to which the nets will be lowered and thus the 
length of wire to be let out. To lower the net to 210m (the standard procedure for 
this type of survey, depth permitting) with a wire angle of 45' requires that 300m of 
wire be let out (wire anqle is defined as deviation from the vertical) : 

Length of wire out X cosine 45O = net depth 
300m X 0.707 = 210m 

If station depth is less than 238m, reference to the "depth of tow" graph (Fig. 2.9) 
will quickly give the proper amount of wire to be let out so that the net will not hit 
the bottom. For shallow tows, the wire is let out and retrieved at the same rate as 
for routine standard tows to avoid relative over-sampling of the surface layers. The 
standard tow filters 1 to 2 cubic meters of water for each meter depth. Alteration 
in the rate at which the wire is let out or retrieved would materially affect the- 
basic statistical distribution of sample size. 

2. The flowmeter is read and checked against the recorded initial meter reading 
(Item 14 on the tow data sheet). If there had been a previous tow, this should have 
been the final meter reading (Item 13 on the previous tow data sheet). If the read- 
ing changed between tows, the last recording is crossed out, the new reading is 

Figure 2.6. "Soft" cod end made of Nytex. (From Kramer et al., 1972) 
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Figure 2.7. The on-deck layout 
of the ichthyoplankton towing 
apparatus on the U . S .  National 
Marine Fisheries Service research 
vessel David Starr Jordan. 1) 
Winch U G h i c h o l d s e  hy- 
drographic wire. 2) Boat deck. 
3 )  Flood lamp for illuminating 
immediate area of inclinometer 
and overside platform. 4) Meter 
block which is connected to read- 
outs in ship's bridge, dry lab- 
oratory and, and winch console 
and gives an instantaneous read- 
ing of meters of wire out. 5 )  
Inclinometer which indicates 
angle of stray of towing wire. 
6) Towing wire which is 0.48cm 
(3/16 in.) in diameter. 7) 
Intercommunications device which 
allows communication between 
bridge and winch operator dur- 
ing tow. 8) Meter block read- 
out on winch console. 9) Winch 
and boom controls at winch con- 
sole. 10) Overside work plat- 
form for hooking up inclinometer 
and, launching and retrieving 
Bongo net. (Adapted and modi- 
fied from Kramer et al., 1972) 

entered, and an explanation is given in 
the lowerright-hand part of the data sheet 
under "Remarks " . 

3. The 22 kg weight is lowered below 
the surface of the water. If the ship is 
still slightly underway, the wire (#6 in 
Fig. 2.7) is pulled to the side of the 
work-platform (#lo in Fig. 2.7) and fast- 
ened close with a snap hook attached to 
the outside rail. 

4 The inclinometer is fastened to 
the wire above the Bongo net (Fig. 2.7). 
Enough slack is left on the line to the 
inclinometer so that when the proper angle 
is achieved during the tow, it will not 
ride up on the cable to hit the block. 
(If the survey is for net tows only, the 
inclinometer may be left on the tow wire.) 

5. The winch meter is zeroed. The 
ship is set underway, wind off the bow on 
the side on which the tow is taken, and 
the signal to start the tow is given from 
the bridge. The blocks or pins, which 
keep the blades of the flowmeters from re- 
volving between tows are removed, and the 
Bongo net is lowered into the water. 
(Some flowmeters have "automatic" blocks 
that release the impeller blades when 
water flows through them. ) 

a. The nets are allowed to stream 
out briefly before lowering. As 
soon as it is obvious that they 
are not tangled, the wire is im- 
mediately let out the predeter- 
mined amount at a constant rate 
of 50 m/min. 

b. The stopwatch is started as soon 
as the flowmeters are seen to 
sink below the surface of the 
water. The stopwatch is used to 
record sinking time (Item 8) and 
towing time (Item 9) in seconds. 
The duration of the tow in 
seconds is used for calculation 
of mean velocity of towing. 

c. The time the net enters the water 
is recorded in nautical time 
(2400 hr) to the nearest 5 min. 
(Item 6, and Item 20 or 20' de- 
pending on whether the tow is 
"Routine" or "Other"). The time 
of day is used for analysis and 
correction of day-night differ- 
ences in the catching power of 
the net. 

d. When the desired amount of wire 
has been let out, the stopwatch 
is stopped, the sinking time is 
recorded in seconds (Item 8), the 
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OTHER, TIYE NET ENTERS WATER _ _ _ _ _ _ _ _ _ _ _  

WIRE OUT I I I I 1 I 1 1 I 

ANGLES I 
I 

I 1 

F i g u r e  2 . 8 .  P l a n k t o n  tow d a t a  s h e e t .  (From K r a m e r  e t  a l . ,  1 9 7 2 ) .  A sample  copy 
of a s h e e t  made o u t  for  s t a t i o n  8 0 . 5 2  o n  c r u i s e  6 9 0 7 - x  - 
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e.  

f. 

4 .  

s t o p w a t c h  i s  z e r o e d  and r e s t a r t e d  i m m e d i a t e l y .  ( S i n c e  t h e  n e t  is " f i s h -  
i n g "  on t h e  way down, s i n k i n g  t i m e  i.s as  i m p o r t a n t  as t h a t  o f  r e t r i e v a l . )  

When t h e  s t o p w a t c h  i s  r e s t a r t e d ,  t h e  n e t s  are  l e f t  a t  t h e  d e s i r e d  d e p t h  
f o r  30 sec.  ( h y p o t h e s i z i n g  t h a t  " f a l l i n g "  n e t s  w i l l  s t r a i g h t e n  o u t  a t  
d e p t h  i n  t h e  30-sec .  i n t e r v a l ) .  

A t  t h e  end of  30 sec. t h e  s t o p w a t c h  i s  n o t  s t o p p e d ,  t h e  w i r e  a n g l e  i s  
r e c o r d e d  f o r  t h a t  d e p t h ,  and r e t r i e v a l  =begun a t  t h e  r a t e  o f  1 0  m per- 
30 sec.  f o r  a l l  tows .  The wire a n g l e  i s  r e c o r d e d  a t  e v e r y  1 0  m ( I t e m  
2 0  t o  2 2  f o r  r o u t i n e  t o w s  w i t h  300 m of  w i r e  o u t  o r  I t e m s  20 '  t o  2 2 '  f o r  
o t h e r  t o w s ) .  Note:  S h i p  s p e e d ,  d u r i n g  s i n k i n g ,  d u r i n g  times a t  d e p t h ,  
and d u r i n g  r e t r i e v a l ,  i s  m a i n t a i n e d  t o  keep  t h e  w i r e  a n g l e  a t  45'. I n  
dead  calm, i t  may b e  n e c e s s a r y  t o  r u n  t h e  s h i p  i n  c i r c l e s  t o  m a i n t a i n  
t h e  w i r e  a n g l e .  I t  i s  e s s e n t i a l  t o  m a i n t a i n  t h e  45' ( t 3 O )  w i r e  a n g l e  t o  
assLire t h a t  t h e  p r o p e r  amount of  w a t e r  i s  b e i n g  f i l t s r e d  from e a c h  d e p t h  
(1 t o  2 c u b i c  meters p e r  e a c h  meter d e p t h )  f o r  p u r p o s e s  of  d a t a  q u a n t i f i -  
c a t i o n .  

The n e t s  are brourlht  d i r e c t l y  o u t  of  t h e  water a t  a s t e a d y  r a t e .  Note :  
I t  i s  i m p o r t a n t  n o t  t o  a l low t h e  n e t s  t o  f i s h  t o o  l o n g  a t  t h e  s u r f a c e  
b e c a u s e  of t h e  b i a s  t h a t  r e s u l t s  f rom o v e r s a m p l i n q  s u r f a c e  waters  (Sec-  
t i o n  3 . 2 . 1 . ) .  When t h e  f lowmeters  b r e a k  t h e  wa te r  s u r f a c e ,  t h e  s t o p -  
watch  i s  s t o p p e d  and i t s  r e a d i n g  i n  s e c o n d s  i s  r e c o r d e d  as  t h e  towing  
t i m e  ( I t e m  9 ) .  Note:  I f  t h e  f l o w m e t e r s  are t h e  k i n d  t h a t  d o  n o t  have 
" a u t o m a t i c "  b l o c k s  on t h e  i m p e l l e r  b l a d e s ,  b l o c k s  or p i n s  s h o u l d  be  
p l a c e d  i n  them t o  s t o p  t h e  i m p e l l e r  b l a d e s  f rom r o t a t i n g  as  soon as  
p o s s i b l e  a f t e r  t h e  f l o w m e t e r s  b r e a k  t h e  wa te r  s u r f a c e .  

6 .  The n e t s  a r e  washed down from t h e  o u t s i d e  t o  g e t  a l l  t h e  p l a n k t o n  i n t o  t h e  
cod e n d s ,  k e e p i n g  t h e  n e t  r i n g s  a t  r a i l  h e i g h t  w i t h  t h e  cod e n d s  d a n g l i n g .  A s a l t  
water h o s e  i s  u s e d  f o r  t h e  washing .  Water p r e s s u r e  shcJuld b e  enough t o  l o o s e n  t h e  
p l a n k t o n  a d h e r i n g  t o  t h e  n e t  mesh but n o t  so  much a s  t o  damage t h e  p l a n k t o n  o r g a n i s m s .  
T h i s  o p e r a t i o n  u s u a i l y  t a k e s  o n l y  a few m i n u t e s  p e r  n e t .  

7 .  A f t e r  a l l  t h e  p l a n k t o n  h a s  been washed i n t o  t h e  cod e n d s ,  t h e  n e t s  a r e  
b r o u g h t  a b o a r d .  The co lor -coded  cod e n d s  ( e . g . ,  r e d  f o r  . 505  mm mesh and b l u e  f o r  
0 . 3 3 3  mm mesh) a r e  removed, k e e p i n q  t h e  p l a n k t o n  from s p i l l i n q  back i n t o  t h e  n e t s .  
The p l a n k t o n  sampies  a r e  t a k e n  to f h e  s h i p ' s  wet l a b o r a t o r y  and p r e s e r v e d  i m m e d i a t e l y  
( S e c t i o n  2 . 1 . 3 . 1 . ) .  

8 .  A f t e r  t h e  samples  have been p r e s e r v e d ,  l a b e l l e d ,  and s t o r e d ,  t h e  cod e n d s  are 
washed ( t h e y  m a v  be  l e f t  e v e r t e d )  and r e p l a c e d  on t h e  n e t s  w i t h  m a t c h i n g  c o l o r  c o d e s  
i n  p r e a p a r a t i o n  f o r  t h e  n e x t  tow. 

9 .  B e f o r e  l e a v i n q  t h e  s t a t i o n ,  t h e  f l o w m e t e r s  a re  r e a d  and r e c o r d e d  as t h e  f i n a l  
r e a d i n g s  ( I t e m  1 3 ) .  The i n i t i a l  r e a d i n g s  ( I t e m  14), which were made b e f o r e  t h e  t o w  
began ,  are  s u b t r a c t e d  from t h e  f i n a l  r e a d i n g s  ( I t e m  1 3 )  t o  g e t  t h e  d i f f e r e n c e s  ( I t e m  
1 5 )  which a rc  t h e  number of  r e v o l u t i o n s  f o r  t h e  t o w  f o r  e a c h  n e t .  Note: I t  is impor- 
t a n t  t h a t  t h e  p r o p e r  amount o f  water  h a s  been  f i l t e r e d  f o r  q u a l i t y  o f  t o w  and d a t a  
q u a n t i f i c a t i o n .  F o r  e a c h  f l o w m e t e r ,  t h e  proposed  c e n t r a l  number of r e v o l u t i o n s  and 
a c c e p t a b l e  l i m i t s  t G  t h i s  number o f  r e v o l u t i o n s  s h o u l d  b e  c a l c u l a t e d  b e f o r e  t h e  c r u i s e  
t o  s e r v e  as  a g u i d e  f o r  t h e  o b s e r v e r  t o  t e l l  i f  t h e  t o w  h a s  been c o r r e c t l y  c o n d u c t e d .  
I f  meter r e a d i n g s  a re  n o t  normal ,  t h e  n e t  t o w  may have t o  be  r e p e a t e d .  A v e r y  h i g h  
r e a d i n g  may have  been caused  by t o o  g r e a t  a s h i p ' s  s p e e d  - check f o r  many h i g h  w i r e  
a n g l e s .  A low r e a d i n g  may have  been  d u e  t o  too s l o w  a s h i p ' s  s p e e d  - check  f o r  many 
l o w  w i r e  a n q l e s .  Another  r e a s o n  for l o w  meter r e a d i n g s  may b e  c l o g g i n g  U T  t he  n e t s .  
T h i s  may b e  c u m u l a t i v e  i f  a n e t  is n o t  r i n s e d  p r o p e r l y  o r  j t  may o c c u r  a t  a s i n g l e  
s t a t i o n .  I f  a m e t e r  shows a t r e n d  toward l o w e r  and 1.ower r e a d i n g s ,  and i t  i s  n o t  
m a l f u n c t i q n i n g ,  t h e  n e t  s h o u l d  b e  washed ( S e c t i o n  2 . 1 . 2 . 2 . ,  # 1 5 ) .  The n e t  t o w  need  
n o t  be  r e p e a t e d  i f  it is o b v i o u s  t h a t  heavy c l o g g i n g  i s  t h e  r e a s o n  f o r  l o w  r e a d i n g s  
(it  w i l l  o n l y  c l o g  a g a i n )  or i f  t h e  s h i p ' s  s p e e d  h a s  c a u s e d  l o w  or h i g h  a n g l e s .  If 

w i r e  a n g l e s  are normal ,  t h e  n e t  is c l e a n ,  and t h e  towing  t i m e  ( S e c t i o n  2 . 1 . 2 . 2 .  #11) 
i s  r o u t i n e  b u t  t h e  meter r e a d i n g  i s  l o w ,  t h e  c a u s e  c o u l d  be  t h a t  a b i t  of  d e t r i t u s ,  a 
f i s h ,  o r  even a l a r g e  je1l .y  o r  s a l p  had become e n t a n g l e d  i n  t h e  meter b l a d e s  f o r  a 
p o r t i o n  o f  t h e  t o w .  Under t h e s e  c o n d i t i o n s ,  t h e  t o w  s h o u l d  be  r e p e a t e d .  I f  t h e  
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r ead ing  i s  a g a i n  ve ry  low and it is  obvious  t h a t  t h e  flowmeter i s  n o t  f u n c t i o n i n g  
p r o p e r l y ,  r e p l a c e  t h e  meter and r e p e a t  t h e  t o w .  D o  n o t  o i l  o r  g r e a s e  any meter o r  
make any r e p a i r s  t h a t  might a l t e r  t h e  r o t a t i o n  of t h e  b l a d e s .  Repa i r s  of t h i s  t y p e  
would s e r i o u s l y  a f f e c t  t h e  c a l i b r a t i o n  of t h e  m e t e r .  I f  c logg ing  is  appa ren t ,  t h e  
amount i s  recorded  i n  t h e  a p p r o p r i a t e  box on t h e  p l ank ton  tow d a t a  s h e e t .  

1 0 .  Wind, sky ,  s e a  c o n d i t i o n  and s e a  s w e l l  should  be  r e q u e s t e d  from a crew mem- 
b e r  by t h e  obse rve r  who is  r e c o r d i n g  t h e  ang le s  wh i l e  t h e  t o w  is  be ing  made. The 
in fo rma t ion  i s  recorded  i n  t h e  a p p r o p r i a t e  boxes i n  t h e  lower s e c t i o n  of t h e  plank- 
t o n  t o w  d a t a  s h e e t .  

11. T o t a l  towing t i m e  ( I t e m  1 6 )  i s  recorded  a s  t h e  sum of I t e m s  8 and 9 .  For a 
300 m tow, t o t a l  t i m e  should  be  about  2 1 ' 3 0 "  ( 6 '  s i n k i n g  t i m e  + 1 5 ' 3 0 "  towing t i m e ) .  
Note: I f  t o t a l  t i m e  i s  o f f  by 15 t o  20 sec. ,  it must be exp la ined  i n  t h e  "Remarks" 
s e c t i o n .  The most u s u a l  v a r i a t i o n  w i l l  be i n  t h e  s i n k i n g  t i m e ,  caused by a s l i g h t l y  
f a s t e r  or slower r a t e  i n  paying o u t  t h e  w i r e  t h a n  t h e  recommended 50 m/min. I n  c e r -  
t a i n  c o n d i t i o n s ,  such a s  poor c o n t r o l  of t h e  s h i p ,  c o u n t e r c u r r e n t s  below t h e  s e a  sur -  
f a c e  a d v e r s e l y  c o n t r o l l i n g  t h e  n e t  a s  it f a l l s ,  e t c . ,  t h e  winch o p e r a t o r  may have t o  
d e p a r t  from t h e  s inking- t ime procedures  t o  slow t h e  f a l l i n g  n e t  i n  o r d e r  t o  keep i t  
from becoming t a n g l e d .  Such d e p a r t u r e s  from normal procedures  must be recorded  i n  
t h e  " Remarks " sect i o n  . 

1 2 .  T o t a l  towing t i m e  i s  added, i n  minutes  and seconds t o  I t e m  6 t o  r e c o r d  t h e  
hour ,  minutes  and seconds i n  I t e m  7 .  Th i s  i s  a c t u a l l y  t h e  t i m e  t h e  n e t  comes o u t  of 
t h e  water .  

13. The a c t u a l  s t a t i o n  p o s i t i o n  ( accep ted  p o s i t i o n )  i s  recorded  i n  I t e m s  1 6  and 
1 7 .  Th i s  may be  done when t h e  s t a t i o n  i s  occupied ,  b u t  u s u a l l y  is  done a t  t h e  end of 
t h e  c r u i s e  when t h e  c a p t a i n  has  compiled a complete l i s t  of t h e  p o s i t i o n s  of a l l .  
s t a t i o n s  ( S e c t i o n  2 . 1 . 1 .  ) . 

1 4 .  Checks are made r ega rd ing  t h e  sample ( S e c t i o n  2 . 1 . 3 . )  and a p p r o p r i a t e l y  re- 
corded on t h e  tow d a t a  s h e e t  i n  t h e  lower l e f t -hand  s e c t i o n .  

a .  Number of j a r s  pe r  sample. 

b .  Cent imeters  of p lankton  - t h i s  g i v e s  approximate volume b e f o r e  wa te r  i s  
added. 

c. Formalin and sodium b o r a t e  added - t h e  person  who adds t h e  p r e s e r v a t i v e  
and b u f f e r  must i n i t i a l  t h i s  box f o r  each sample a f t e r  t h e  Formalin and 
sodium b o r a t e  a r e  added. 

d .  Sample l a b e l l e d  - t h e  person  who l a b e l s  t h e  sample must i n i t i a l  t h i s  box 
a f t e r  t h e  sample i s  l a b e l l e d .  

15.  Checks are made on t h e  n e t  t o  see i f  washing o r  r e p a i r  i s  necessa ry .  The 
a p p r o p r i a t e  boxes are checked i n  t h e  lower s e c t i o n  of t h e  tow d a t a  s h e e t .  I f  r ep lace -  
ment of a n e t  i s  necessa ry ,  it should be recorded  i n  t h e  "Remarks" s e c t i o n .  

a .  I f  washing is  needed, one of t h r e e  methods may be used:  (1) The n e t  i s  
e v e r t e d ,  s t i l l  on i t s  r i n g ,  and brushed down wi th  an o r d i n a r y  sweeping 
broom and running  s e a  w a t e r ;  ( 2 )  The r i n g s  a r e  s tood  on edge ,  t h e  n e t  is  
t i g h t e n e d  a long  i t s  l e n g t h  by t y i n g  down t h e  end (wi thou t  cod end a t -  
t ached)  and hosed.down wi th  a h igh -p res su re  f i r e  hose.  Th i s  i s  very  e f -  
f e c t i v e  provided  t h a t  p lankton  has  n o t  d r i e d  i n  t h e  meshes; ( 3 )  The n e t  
i s  de tached  from t h e  r i n g  and p u t  i n  a washing machine u s i n g  a 30-min. 
c y c l e ,  w a r  water  ( n o t  h o t )  and a non-po l lu t ing  d e t e r g e n t .  

b. Rips and h o l e s  i n  t h e  n e t  - t h e  n e t  should  be examined a f t e r  every  tow 
t o  check on needs f o r  r e p a i r  o r  rep lacsment .  I f  h o l e s  o r  tears a r e  
s m a l l ,  t hey  should  be sewn b e f o r e  t h e  nex t  t o w  wi th  nylon  t h r e a d  of a 
c o l o r  ( e . g . ,  r ed )  t h a t  can be e a s i l y  l o c a t e d  f o r  sewing machine r e p a i r  
l a te r  on s h o r e .  I f  t h e  n e t  i s  t o r n  beyond mending a t  sea,  r e p l a c e  t h e  
n e t .  
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1 6 .  Recheck t h e  tow d a t a  s h e e t  t o  b e  s u r e  t h a t  a l l  i t e m s  a re  f i l l e d  i n .  (The 
occupancy c o d e ,  I t e m  2 ,  is  f i l l e d  i n  o n s h o r e  a t  t h e  end of  t h e  c r u i s e .  T h i s  i s  usu-  
a l l y  o n e  of  a series o f  numbers u s e d  by a computer  programmer t o  d e s c r i b e  t h e  t y p e  of  
t o w  o r  t h e  s t a t i o n  o c c u p i e d . )  Note: Some d e v i a t i o n s  from s t a n d a r d  p r o c e d u r e  c a n n o t  
b e  a v o i d e d .  C i r c u m s t a n c e s  s u c h  as  s t r o n g  under -sea  c u r r e n t s ,  h i g h  w i n d s ,  heavy seas,  
w i l l  c a u s e  u n a v o i d a b l e  d e v i a t i o n s ,  e . g . ,  odd meter r e a d i n g s ,  p r o l o n g e d  s t o p s  a t  s t a -  
t i o n s .  C o n d i t i o n s  of  t h i s  k i n d  s h o u l d  b e  n o t e d  i n  t h e  "Remarks" s e c t i o n .  

17 .  A new p l a n k t o n  t o w  d a t a  s h e e t  i s  set  up f o r  t h e  n e x t  s t a t i o n :  I t e m s  1 ,  3 ,  
4 ,  5 ,  11, 1 2 ,  and 1 4  a r e  e n t e r e d .  I t e m  1 4  s h o u l d  be t h e  f i n a l  r e a d i n g  o f  t h e  p r e -  
c e d i n g  t o w  and s h o u l d  be  r e c h e c k e d  b e f o r e  s t a r t i n q  n e x t  t o w .  

2 . 1 . 3 .  Handl ing t h e  Sample a t  Sea 

F i s h  e q g s  and l a r v a e  a r e  f r a q i l e  and 
e a s i l v  damased. P r o p e r  care i s  needed i n  
a l l  s t a g e s  o f  p r e s e r v a t i o n  and h a n d l i n q  
p l a n k t o n  samples  a b o a r d  s h i p .  

2 . 1 . 3 . 1 .  P r e s e r v i n g  t h e  Sample 

The p l a n k t o n  sample s h o u l d  be p r e s e r -  
ved immedia te ly .  T h i s  i s  e s p e c i a l l y  c r i t i -  
c a l  i n  t roDica l  w a t e r s .  

The s t o r a g e  c o n t a i n e r  i n  which  t h e  
sample  i s  p r e s e r v e d  s h o u l d  be o f  s u f f i c i e n t  
s i z e  s o  t h a t  when f i l l e d ,  t h e  p r e s e r v i n g  
l i q u i d  ( 5 %  b u f f e r e d  F o r m a l i n  i s  recommend- 
e d )  w i l l  occupy a t  l e a s t  t h r e e  t i m e s  t h e  
volume o f  t h e  D l a n k t o n .  No problems a re  
posed  i n  h a v i n g  a l a r q e  r a t i o  o f  p r e s e r v -  
i n g  l i q u i d  t o  p l a n k t o n .  G l a s s  j a r s  h o l d -  
i n g  1 0 0 0  m l  a re  recommended. Norinally 
t h e y  are  c l o s e d  by a screwed-on p l a s t i c  
l i d  w i t h  a n  i n s i d e  c o a t i n g  t o  p r e i - e n t  l e a k -  
a g e  and e v a p o r a t i o n .  

The p l a n k t o n  c o l l e c t i o n  is c a r e f u l l y  
poured  from t h e  cod end i n t o  t h e  c o n t a i n e r  
i n  which it w i l l  be  s t o r e d .  The cod 'end i s  
t h e n  r i n s e d  down t o  g a t h e r  t h e  l a s t  of  t h e  
p l a n k t o n  a t  i t s  b o t t o m .  When f a i r l y  w e l l  
d r a i n e d ,  t h e  cod end i s  e v e r t e d  o v e r  and  
i n t o  t h e  j a r  and t h e  r e m a i n i n g  p l a n k t o n  
i s  washed o f f  c a r e f u l l y .  I t  h a s  t o  be  en-  
s u r e d  t h a t  no p a r t s  o f  t.he sample remain  on 
t h e  mesh o f  t h e  cod end .  

A t  t h i s  p o i n t ,  b e f o r e  s e a w a t e r  i s  add- 
e d ,  t h e  h e i g h t  of t h e  p l a n k t o n  i n  t h e  j a r  
i s  measured i n  c e n t i m e t e r s .  T h i s  q i v e s  a n  
a p p r o x i m a t e  volume t o  b e  r e z o r d e d  on t h e  
p l a n k t o n  t o w  d a t a  s h e e t  ( S e c t i o n  2 . 1 . 2 . 2 . ,  
# 1 4 ) .  

The j a r  c o n t a i n i n g  t h e  p l a n k t o n  i s  
t h e n  f i l l e d  t h r e e - f o u r t h s  f u l l  w i t h  s e a -  
water b e f o r e  a d d i n g  t h e  p r e s e r v a t i v e  ( f u l l  
s t r e n g t h  F o r m a l i n )  and b u f f e r  (sodium b o r -  
a t e ) .  T h i s  i s  done t o  a v o i d  " b u r n i n g "  t h e  
d e l i c a t e  p l a n k t o n  o r g a n i s m s .  T o  o b t a i n  
t h e  recommended 5 %  s o l u t i o n  o f  F o r m a l i n  i n  
a o n e - l i t e r  j a r ,  50 m l  o f  c o n c e n t r a t e d  
commercial  F o r m a l i n  i s  added .  T o  a s s u r e  
p r o p e r  b u f f e r i n g ,  2 0  m l  o f  a s a t u r a t e d  
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F i g u r e  2 .10 .  S h i p ' s  w e t  l a b o r a -  
t o r y  s e t u p  f o r  p r e s e r v i n g  and  
l a b e l l i n q  p l a n k t o n  s a m p l e s .  1) 
P l a s t i c  c a r b o y  (19 l i t e r s )  con-  
t a i n i n g  c o n c e n t r a t e d  formaldehyde  
and h a v i n g  1 . 5  m o f  s u r g i c a l  t u b -  
i n g .  2 )  20 ml d i s p o s a b l e  s y r i n g e  
w i t h  c a n n u l a  f o r  a d d i n g  b u f f e r  t o  
p l a n k t o n  s a m p l e s .  3 )  C o n t a i n e r  
o f  sodium b o r a t e  i n  s e a w a t e r .  4 )  
S a l t  w a t e r  t a p  w i t h  0.5 m o f  s u r -  
g i c a l  t u b i n g  t o  r i n s e  cod e n d ,  
c o n c e n t r a t e  p l a n k t o n ,  and f i l l  
sample  j a r  a f t e r  f i x a t i o n  and  buf -  
f e r i n g .  5 )  S h i p ' s  h o t  and c o l d  
f r e s h w a t e r  t a p s .  6 )  50 m l  d i s -  
p o s a b l e  s y r i n g e  w i t h  a u t o m a t i c  
d o u b l e  v a l v e  f o r  m e a s u r i n g  and 
d i s p e n s i n g  formaldehyde .  7 )  1 
l i t e r  sample  j a r s .  8 )  Removable 
wooden f rame t o  s u p p o r t  sample  
j a r s  i n  rough w e a t h e r .  The en-  
t i r e  a s s e m b l y ,  i n c l u d i n g  s i n k ,  
c a n  b e  f i t t e d  i n t o  1 t o  2 m* o f  
l a b o r a t o r y  bench s p a c e .  (Adapted 
and m o d i f i e d  from kramer 
1 9 7 2 . )  

e t  al., 



1 7  

solution of sodium borate in seawater is added for each liter of preserved sample. 
(Buffer is added to counteract the acidity of plankton in Formalin. Hexamine should 
definitely not be used as a buffer. A solution containing too much or too strong a 
buffer is harmful to fish larvae.) The sample jar is then filled almost to the top 
with seawater, capped and shaken lightly (including inversion) to obtain immediate, 
uniform preservation of the ulankton orqanisms throughout the sample. 

Data on the number of jars pep sample and addition of Formalin and borate to 
the sample must be entered on the plankton tow data sheet (Section 2.1.2.2., #14). 
Note: full strenqth formaldehyde aboard ship is kept in 19 liter polypropylene car- 
boys (Fig. 2.10). With the carboy moored securely above the sink, the preservative 
is drawn by siphon action., A further safety measure is to draw the formaldehyde via 
a teflon tube into a 50-ml plastic syringe through an automatic double valve. The 
buffer is added with a 20-ml plastic syringe fitted w i t h  cannula [a  "needle" without 
a point). 

Formalin is the most widely used preservdtive for plankton collections. It is 
by no means "ideal", but satlsfactory when properly handled. Years of experience 
have shown that too strong or too weak a concentration of Formalin can be damaging 
to ichthyoplankton. The recommended concentration of 5% for preserving the sample 
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Figure 2.11. Labels for field iden- 
tification of plankton samples. A .  

' Inside paper label (Courtesy Univer- 
sity of California, Scripps Institu- 

label on jar lid. 
d tion of Oceanography). B. Outside 

and 3 %  for later storage of eggs and 
larvae (Section 2.2.3.) have proven to 
work well over a long time scale. Other 
recommendations have been recently pro- 
posed (Steedman, 1976; UNESCO, 1 9 7 4 ) .  

The concentrated, commercial prepara- 
tion of Formalin is a 4 0  percent solution 
of formaldehyde gas in water. Formalin 
should be stored in inert containers, 
glass or plastic, not in metal containers: 
Formalin reacts with the latter. One of 
the problems in storage of concentrated 
Formalin is its tendency to polymerize - 
to form para-formaldehyde, a flocculent, 
i,,hite solid. 

It should always be kept in mind 
that formaldehyde is a poison that can 
irritate skin and cause serious cases of 
dermatitis. Rubber gloves should be 
worn when preparing formaldehyde solu- 
tion, or when handling specimens pre- 
served in Formalin. Formaldehyde fumes 
can also be irritating to the lungs. 

2.1.3.2. Labelling 

It is essential that samples be pro- 
perly labelled. Information contained on 
the labels should be sufficient to identi- 
fy the sample with certainty. Each sample 
jar should have two labels. One label is 
placed inside the jar. Because this 
label is often difficult to read unless 
removed, a second label is placed on the 
lid of the sample jar. Both labels are 
necessary because jar lids can be mixed 
up. Should this happen, the inside label 
usually assures proper identification of 
the sample. 

The inside label (Fig. 2.11) should 
be made of heavy weight, chemically re- 
sistant linen paper which will not fall 
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apart in the Formalin solution. The label is filled out with a soft carbon pen- 
cil which will not fade in the Formalin. This label should contain the following 
information: name of ship, cruise number, date, time, station designation, depth 
of tow, gear used, mesh size, type of haul, duration of haul, collector's name, 
number of jars in the sample (1 Of 2, 2 of 2 or 1 of 3, 2 of 3, etc.). 

The outside label (Fig. 2,11) is written on the lid of each sample jar with a 
light-colored waterproof marker or wax pencil. It should contain the following in- 
formation: cruise number, station, date, time, gear, mesh size, number of jars in 
the sample (1 of 3, 2 of 3, etc.). This outside label should be color-coded to 
match the net and cod end mesh sizes. This may be done by using an appropriately 
colored waterproof marker or colored tape (e.9.. red for , 505  mm mesh and blue for 
.333 mm mesh). 

After the samples are labelled, the person who labels them should initial the 
appropriate box on the plankton tow data sheet (Section 2.1.2.2., t 1 4 ) .  

2.1.3.3. Storage on the Vessel 

Sample jars should be completely filled. This is to prevent agitation of plank- 
ton in the jars during rough weather, as will happen if they are only partially 
filled. Even when filled, some movement of the organisms within a jar is inevitable 
due to vessel motion (rolling, pitching, etc.). Hence, to minimize damage to the de- 
licate organisms during the storage on the vessel, samples should be stored in the 
most stable part of the ship. 

Teniperature of storage may be important, particularly in tropical regions. This 
factor seldom has been given much attention. Collections from tropical expeditions 
often are of poor quality, even when care has been taken in their preservation and 
handling. Experiments are needed to test the effect of storage temperatures on the 
condition of plankton organisms, especially during long cruises. It may be found 
that air conditioned (temperature-controlled) storage rooms are essential for the 
proper care of plankton collections on tropical expeditions. 

2.1.4. Supplementary Data 

At the critical stages in the life history of young fish, minor changes in the 
environment can cause extensive mortalities and lead to corresponding fluctuations 
in the abundance and availability of fish stocks. It is therefore important to col- 
lect environmental information during the course of ichthyoplankton surveys. 

2.1.4.1. Hydrographic Data 

For the standard ichthyoplank.ton survey, it is important to obtain.at least 
some physical oceanographic data at each station. This usually includes a surface 
temperature taken with a bucket thermometer, and more importantly a bathythermograph 
(BT) or expendable bathythermograph (XBT) observation to obtain a profile of tepper-' 
ature with depth. A sample data sheet for use with BT observations is in Fig. 2.12. 
(If an XBT is used, the "BT instrument number" column is left blank). 

Additional observations could include samples of water for determination of sal- 
inity, oxygen, and nutrients and a Secchi disc reading at day stations. 

2.1.4.2. Smaller Zooplankton and Phytoplankton 

Information on the availability and utilization of the food of larvae can be 
obtained by simultaneously sampling for the smaller plankton constituents eaten by 
the larvae. For studying these organisms, it is recommended that paired Bongo nets, 
20 cm in diameter at the mouth, be used. One net should be fitted with netting of 
0.250 mm mesh apertures and the other with 0.150 mm mesh. These nets can be fastened 
to the towing cable immediately above the 6 0  cm Bongo assembly (Fig. 2.13). It is 
also highly desirable to measure photosynthetic pigments. The zooplankton in the 
smaller nets and the photosynthetic pigment data will provide a standard base for 
comparing the relative productivity of the areas investigated. 



19 

Figure 2.12. Oeeanographic log sheet for bathythermograph observations. (Cour- 
tesy University of California, Scripps Institution of Oceanography). 

2.1.4.3. Neuston 

It is advisable to include a neuston tow for larvae and juveniles for 10 minutes 
during the Bongo net tow. Larvae of several species of commercially-important pela- 
gic fishes are known to occur in concentrations in the surface layer (Klawe, 1963; 
Sund and Richards, 1965; Parin, 1968; Zaitsev, 1970; Richards and Simmons, 1971). 
Their occurrence is mainly ephemeral, varying with stage of development, light, feed- 
ing, and oceanographic conditions (see review by Hempel and Weikert, 1972). Neuston 
samples can be collected with relatively small effort and they can provide valuable 
information on a number of kinds of fishes including tunas, billfishes, scombroids, 
and even some flatfishes. A rougli  check on presence or absence of eggs, larvae, arid 
juveniles in the surface layer can be done with any kind of simple floating net which 
is towed at a speed of two knots. The mouth opening should cut the water surface and 
extend to about 10 to 50 cm deep. The tow should be operated aside of the ship and 
well clear of its bow wave and wake. Mesh size should be the same as in other ich- 
thyoplankton sampling gear, i.e., about 0.3 or 0.5 millimeters. In some surveys, 
including the Cooperative Investigation of the Caribbean (CICAR), simple rectangular 
frame nets of 2 x 1 m or 1 x 0.5 m mouth aperture have been used. More sophisticated 
gear is now in use at several laboratories with the objective of sampling the near- 
surface layer in a more quantitative manner. The major difficulty in this respect is 
to control the depth of insertion of the net's mouth opening into the water and hence 
the amount of water filtered per w t e r  of tow. 
and Weikert, 19721, which is now recommended for international surveys such as the 
Cooperative Investigation of the Eastern Central Atlantic (CINECA), Sameoto's otter 
surface net (Sameoto and Jaroszynski, 1969), and various gears by Zaitsev (1970) have 
to be mentioned in this context. 

2.1.4.4. Micronekton 

The modified David-Neuston net (Hempel 

Data on ichthyoplankton obtained from standard Bongo net samples can be usefully 
supplemented by larger nets with larger mesh f o r  studying the larger, more agile larvae 
and juveniles. The objectives of these larger nets are to reduce the degree o f  avoidance, 
increase the total volume of water filtered, and reduce the amount o f  plankton from which 
the larger larvae and juveniles must be sorted. One such net has been designed for the 
National Marine Fisheries Service (NMFS) Marine Resources Monitoring Assessment and 
Prediction (MARMAP program. The towing frame is the 6-foot Isaacs-Kidd midwater trawl 
(IKMT) with 2 . 8 9  m i mouth area, uniform 2 mm knotless mesh, with five times as much 
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Figure 2.14. Plankton volume data sheet. (Modified from Kramer et al., 1972) 

filtering area as mouth area. 
from 200 m to the surface filtering 13,000 m 3  of water at 4 knots towing speed. The 
duration of the tow is 35 minutes. A l l  samples are taken at night. The early experi- 
mental work is being conducted in conjunction with a 75 m2 otter board trawl with 4 mm 
mesh to discern the upper limits of effective sampling of fish larvae and juveniles 
in the 6-foot IKMT. The MARMAP IKMT is not designed for opening and closing at depth. 
The Tucker net, with square mouth opening, can be modified into an effective opening- 
closing micronekton net (Davies and Barham, 1969). 

2.2. Laboratory Procedures 

The present (1973) use of the net is in an oblique tow 

I 

This section describes laboratory techniques employed in processing plankton 
samples, collected specifically for fish eggs and larvae, to be used for spawning 
biomass estimates. Determining the number and kind of fish eggs and larvae present 
in each sample is of primary interest. A secondary interest is the other plankton 
constituents as they relate to the well-being of the young stages of fishes, either 
as prey (food) or predators. The samples may also be used f o r  other studies, e.g., 
the taxonomy of the various constituents, plankton community structure, indicator or- 
ganisms, zoogeography, life history studies, etc., which are beyond the scope of 
this manual. 

2.2.1. Plankton Volume Determinations 

A measurement of wet plankton volume, determined by displacement, is made for 
each plankton sample soon after the samples are taken ashore. This data is recorded 
for each cruise on a plankton-volume data sheet (Fig. 2.14). The plankton volume 
measurement provides a rouah measure of zooplanktonic biomass (Ahlstrom et al., 1969). 
It also has a practical value in the subsequent handling of the sample. Large 
samples may have to be aliquoted for sorting (Section 2.2.2.) and the size of the 
aliquot will often depend on sample size. 

Two volumes (Fig. 2.14) are reported for each sample. The total volume includes 
everything in the sample except adult fishes, juvenile fishes, larger squids, octopi, 
and adult pelagic crabs (such as Pleuroncodes) which are not considered planktonic. 
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The total volume minus large organisms (Fig. 2.14) is the above volume minus the 
volume of large planktonic organisms such as large jellies or tunicates whose indivi- 
dual volumes exceed 5 ml. 

The process of determining "wet" plankton volume by displacement is rather 
simple. The preserving liquid is removed from the plankton by pouring the sample 
through a draining cone, constructed of 0.333 rm  Nitex. The plankton 1s retained in 
the cone until drainage of liquid from the cone diminishes to an occasional drop. 
The volume of the drained plankton is then determined by displacement in a graduated 
cylinder. 
stitial liquid, usually between 30 to 40 percent of the total volume according to 
Ahlstrom and Thrailkill (1963). 
uid; rather the total displacement volume of the drained "wet" sample is reported. 
The sample is returned to the original preserving liquid. 

Additional information recorded on the plankton-volume data sheet (Fig. 2.14) in- 
cludes station identification, the number of jars containing the sample, the propor- 
tions of fractioned samples, and the initials of the person who volumed the sample. 
Also, this data sheet is initialed by the sorter when the sample is checked out to 
be sorted (Section 2.2.3.). 

Even after drainage, the sample will retain a considerable amount of inter 

Usually no allowance is made for interstitial liq- 

2.2.2. Percentage of the Sample to be Sorted 

It is recommended that total samples be sorted for fish eggs and larvae whenever 
possible, and that fractioning of samples be limited to those containing exception- 
ally large numbers of eggs and/or larvae or to samples with exceptionally large 
volumes of plankton material. 

Several considerations should be weighed to determine whether an entire sample 
should be sorted for fish eggs and larvae, or only an aliquot. At times, it is 
desirable to sort only an aliquot for one category, usua1l.y eggs, and to sort the 
entire sample for the other, usually larvae., Sample size may or may not be a primary 
consideration for determining whether or not a sample should be aliquoted or com- 
pletely sorted. 

Eggs are often more abundant than larvae, and for many species axe more aggre- 
gated so that occasionally, very large collection6 of eggs of the same species are 
obtained. For samples containing large numbers of eggs, it is usually advisable to 
split the sample into aliquots when sorting for eggs. The Folsom Splitter (Fig. 2.15) 
(McEwen, JohnSon and Folsom, 1954) is a standard apparatus for dividing plankton 
samples into aliquot portions. 

There are other considerations jn sorting for larvae. One of the primary 
reasons for investigating larvae is to obtain information on the swcess of survival 
during the larval period. Such studies are postulated on the premise that the entire 
size range of larvae can be well sampled. Inasmuch as larger larvae may represent 
only a small percentage of the total number of larvae obtained of a species, it is 
usually necessary to sort entire samples in order to get an adequate representation 
of the larger-sized larvae. 

2.2.3. Sorting Fish Eggs and Larvae from Plankton Samples 

sheet (Fig. 2.14). At this time a plankton sorter's work sheet (Fig. 2.16) is 
started which records the number of eggs and larvae removed from the sample. 
refer to Section 2.2.4.). 

A sorter checks out a sample by initialing and dating the plankton-volume data 

(Also 

Sorting is probably the step khaL requires the most time, e.g., one day per sam- 
ple in theCalCOFI program. Before a sample is sorted, the preserving liquid (5% 
buffered Formalin) should be drained off because the formadehyde fumes, when 
breathed, can be irritating, even injurious to health. The sample can be sorted in a 
medium of fresh water or very weak Formalin solution. Precautions must be taken to 
prevent deterioration of the plankton material. If a sample has not been completely 
sorted during the day it was started, the unsorted plankton should be put back into 
5% buffered Formalin during the night. 
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The best type of containers to use for sorting are small, e.g., Syracuse watch 
glasses or divided Petri dishes (Fig. 2.17.). They permit cleaner, i.e., more com- 
plete, sorting of fish eggs and larvae than is possible from larger containers. 
Borgorov's counting tray is also widely used (Newell and Newell, 1963). 

Sorting is usually done under a dissecting microscope (Fig. 2.17) at a magnifi- 
cation of about ten times (lox ocular, lx objective). It is inadvisable to try to 
sort samples with the unaided eye. 

A small amount of the sample to be sorted is poured into one of the glass 
dishes. Its contents are examined closely under the microscope. All fish eggs and 
larvae are removed with pipettes and fine quality stainless steel forceps, counted, 
and placed in appropriately labelled dishes (Fig. 2.17.). The degree to which eggs 
and larvae are identified at this time will depend on the objectives of the survey 
and the training of the sorter (Sections 2.2.4., 2.2.5.1. After the eggs and larvae 
have been sorted from a dish, its remaining contents are poured into a beaker lab- 
elled "Sorted". This process is repeated until the entire sample (or aliquot) has 
been sorted completely. The remaining plankton is then replaced in the original jar. 
The total number of fish eggs and larvae removed from the sample are recorded on the 

TOTAL W I G .  VOL. MINUS LG. ORG. 

FRACTIONED: YES @ SORTING: 
gf DATE COLLECTED z- d- Gj 

PERCENTAGE RIGHT DATE STARTED: 6 *  /k- 6k 
LEFT 

PERCENTAGE V O L U a  PERSON SORT1 NG 

SARDINE EGGS 

SARDINE LARVAE 

WHOLE 

HEAD SECTIONS: TAIL SECTIWS:  

ANCHOVY EGGS. 

7 5 ANCHOVY LARVAE: 

WHOLE 7/2 
HEAD SECTIONS 3 TAIL  SECTIONS 3 
SAURY EGGS 

SAURY LARVAE 

ElRUMEUS EGGS 

ElRULlEUS LARVAE 

1 yz OTHER F I S H  EGGS 

4- <7 OTHER F I S H  LARVAE 

WHOLE 4 5 7 
HEAD SECTIONS TAIL SECTIONS 

Figure 2.16. Ichthyoplankton sorter's work sheet (From Kramer et al., 1972) 
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Figure 2 . 1 7 .  A laboratory sor t ing  table. (From Kramer e t  a l . ,  1 9 7 2 )  
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plankton sorter's work sheet (Fig. 2.16.). 
The eggs and larvae are then stored in se- 
parate appropriately labelled (Fig. 2.18.) 
vials. For most samples, 2-dram (about 
7 ml) vials are quite satisfactory. The 
preservative added to the larvae is 3 per- 
cent buffered Formalin in tap water, which 
has proved to keep eggs and larvae in good 
condition indefinitely. The type of screw 
cap recommended for the 2-dram glass vials 
is plastic with a vinyl insert that is 
self-sealinq when firmly tightened on the 
vial (Fig. 2.19). This-screw cap is much 
preferred to corks, rubber stoppers, or 
screw caps lacking the vinyl insert be- 

Figure 2.18. Label used inside 
vials of sorted and identified 
fish eggs and larvae. cause it retards evaporation. 

The goal of sorting should be to remove 100% of the fish eggs and larvae. Thus, 
it is essential to establish checks on the completeness of sorting samples. This re- 
quires that either samples selected at random be completely re-sorted by another per- 
son or a system be devised for the routine rechecking by a second sorter of each sam- 
ple sorted. Note: It is firmly recommended that the sorting of a sample for fish 
eggs and larvae be completed before sorting is commenced on other taxa in the sample. 
Sorting of the other taxa can be used as a means of rechecking for ichthyoplankton. 

2.2.4. Preliminary Identification, Enumeration, and Measurement of Fish Eggs 
and Larvae 

Technicians who sort fish eggs and larvae from other plankton constituents also 
can be trained to recognize and separate eggs and larvae of selected families of 
fishes such as clupeids, engraulids, scombrids, scomberesocids, carangids, etc. To 
identify eggs of some.fishes, the techniciaps will have to make measurements of dia- 
mater of eggs and of their oil globules, if present. Technicians, i.e., sorters, 
can be readily taught to separate engrrmlid larvae from clupeid larvae; however, 
they should not be expected to make subtledistinctions among clupeid larvae, for 
example, or among engraulid larvae when several s ecies of either family are repre- 
sented in the collections. This is a task for icithyoplanktologists. 

If the eggs and larvae of selected species are identified at the sorting level, 
these species are enumerated and recorded (Fig. 2.16) separately with the remainder 
being placed in the categories OFE (other fish eqgs) and OFL (other fish larvael. 

Before bottling, larvae of the se- 
lected species may be measured and the 
lengths recorded on a tabulation sheet 
(Fig. 2.20). The larval length (standard 
length) is estimated to the nearest half 
millimeter. The larvae are measured under 
a microscope by passing each individual 
over a glass slide which has a transparent 
plastic rule taped beneath it. 

After the data on preliminary identi- 
fication, enumeration, and measurement 
ha've been recorded on the proper data 
sheets (Figs. 2.16, 2.20), the eggs and 
larvae are bottled for storage (Sect. 
2.2.6.). An appropriate label (Fig. 2.18) 
is placed in each vial and the sample is 
kept together as a unit. Identifications 
made at the sorting level are rechecked by 
more highly trained "identifiers" to as- 
sure quality. After all the samples 
from a cruise have been sorted, a plank- 
ton sorters' master sheet (Fig. 2.21) is 
compiled. 

Figure 2.19. Two-dram ( /  ml) 
glass vials and plastic caps used 
for storing sorted and identified 
fish eggs and larvae. (From Kra- 
mer et al., 1972) 
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Figure 2 . 2 0 .  Work sheet for tab- 
ulating measurements of fish 
larvae. (From Kramer, et al., 
1 9 7 2 )  

2 . 2 . 5 .  Final Identification of Fish Eggs 
and Larvae 

The thoroughness with which collec- 
tions of fish eggs and larvae are to be 
identified depends on the objectives of a 
survey and on personnel available for the 
work. The subject of identification is 
outside the scope of this manual. A biblio- 
graphy of current research in this field is 
being prepared separately (FA0 Fish.Circ.706) 

If surveys for fish eggs and larvae 
are designed to deal with only one or a 
few species whose eggs and larvae ean be 
readily identified, the identification 
problem discussed below does not exist 
and the task of identification can be 
assigned to easily trained technicians 
who also do the sorting and enumerating 
(Sections 2 . 2 . 3 .  and 2 . 2 . 4 . ) .  

Often the problem of identifying fish 
eggs and larvae is not this simple. In 
many groups it is difficult to distinguish 
between larvae of closely related species, 
as for example between the larvae of alba- 
core tuna (Thunnus alalunga) and yellowfin 
tuna (Thunnus albacares) (Matsumoto et al., 
1972) or between larvae of clupeid s g c z s  
belonging to the same genus, such as Sar- 
dinella (Fagetti, 1970), or between most 
snecies of ensraulid larvae. or between 
herring (Clupea harengus) and sprat (Sprat- 

_. tus sprattus), etc. The problem is further complicated if all fish eggs and larvae 
are to be identified and enumerated. In most situations, the problem of the initial 
identification of fish eggs and larvae should be entrusted to competent ichthyoplank- 
tologists. 

The development stages of pelagic fish eggs and larvae have yet to be describd 
in literature for a majority of marine fishes. The state of our knowledge is not 
as "primitive", however, as the above statement would seem to indicate. Early life 
history stages have been described €or perhaps less than 10 percent of marine fishes, 
but, fortunately, these belong to a large number of marine fish families. By using 
information already available in literature, the majority of fish larvae (say 95 
percent) can be identified to the family level. Scorpaenid larvae, for example, 
can be readily identified to the family level; life history stages have yet to be 
published, however, for most genera and species of Scorpaenidae. Hence, working out 
the life history stages of the various genera and species within a family becomes 
the primary task of the trained ichthyoplanktologist. The quality of literature 
dealing with the life history stages of fishes ranges from excellent to miserable, 
with a much higher percentage of poor contributions than good ones. 

It is important that ichthyoplankton scientists be generalists as well as spe- 
cialists, i.e., that they have the training and knowledge to identify fish larvae in 
general. To be a generalist, there is no alternative but to work on identification 
of all constituents (eggs and larvae) from total samples. 

The egg and larval stages of some groups of fishes are particularly difficult 
to identify, such as those cf scombrids (particularly tunas), clupeids, engraulids. 
Those of some other groups are difficult because they contain many genera and/or 
species, such as scorpaenids, serranids, carangids, labrids, paralepidids, etc. 
Hence, specialists are needed to work out the life histor stages of all difficult 
groups. The work on any difficult group is facilitated i r  comparative material is 
available from other areas or oceans. There is a great need for coordination of 
such studies on a worldwide basis, in order to prevent duplication of effort, to 
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Figure 2 . 2 1 .  I c h t h y o p l a n k t o n  sor ters '  master s h e e t .  (From K r a m e r  et G., 1 9 7 2 )  

f a c i l i t a t e  exchange  of c o m p a r d t i v e  m a t e r i a l s ,  t o  s t i m u l a t e  work on n e g l e c t e d  g r o u p s ,  
and t o  e n c o u r a g e  dcvelopment  o f - n e w  t e c h n l q u e s .  

N o t  a l l  k i n d s  of  f L s h  eggs  and l a r v a e  are  d i f f i c u l t  t o  i d e n t i f y  t o  g e n u s  o r  
s p e c i e s .  I n  some g r o u p s  o f  f i s h e s ,  e q 7 s  and l a r v a l  c h a r a c t e r s  r a n  be s u p e r i o r  
t o  a d u l t  c h a r a c t e r s  f o r  maklng d e f ~ n l t l v t .  
l e v e l .  Obvious  e x a m p l e s  would inc-ludc* n y c t o p h i  d l a r v a e  (Pertseva-Ostro,nmuva,  1964;  
Moser and  A h l s t r o m ,  1 9 7 0 ;  Moser atid A h l s t r r ~ i n ,  1 9 7 2 ) ,  b a t h y l a q i d  e g g s  and  la rvae  
( A h l s t r o m ,  1 9 7 1 ) ,  and 2 a r a l e p t d i d  l a r v a e  ( E g p ,  1 9 3 0 ,  1953,  1 9 5 7 ) .  

d e n t i f i c a t l o n s  t o  t h e  genu.; o r  s p e c i e s  

The m o s t  comprclhensive s e r i e s  of c o l l e c t i o n s  of f i s h  e g q s  a n d  l a r v a e  h a s  been  
mddc by t h e  C a l i f o r n i d  C o o p e r d t i v c  C , - c a i ? i ( .  F i s h e r i e s  I n v e s t i g a t i o n s  (CalCOFI) . F o r  
w o r k i n g  up CalCOFI c o l l e c t l o p s ,  t h e  der-ision was made dt t h e  i n i t i a t i o n  o f  t h e  progran  
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to identify all constituents to at least the family level, and all common kinds to 
genus or species. Khen this is done, the person making the identifications records 
the data on a special identification sheet (Fig. 2 . 2 2 . ) .  The collections so treated 
to date are in the neighborhood of 30,000, a clear demonstration that this approach 
is feasible. This information has permitted a critical evaluation of the fishery 
resources of the California Current region. It should be noted that some species are 
dealt with in more detail than others. For example, larvae are measured routinely 
for only a few important species, i.e., Pacific sardine, northern anchovy, jack mack- 
erel, Pacific mackerel and recently Pacific hake. Most of the CalCOFI egg and larva 
data have been put on tape for computer handling. Standardization of data is now 
done by computer, as well as summary tables, distribution charts, statistical tests, 
etc. 

2.2.6. Bottling, Storing and Curating Identified Collections of Fish Eggs and Larvae 

After a collection of fish eggs and larvae has been identified, it is usually 
inadvisable to try to bottle each category of fish eggs or larvae separately, Hence, 
a decision has to be made as to which categories should be bottled separately, and 
which kept together as a unit. 

It is advisable to establish a reference collection of identified fish eggs and 
larvae which would include not only eggs and larvae of important species, but eggs 
and larvae of as many kinds of fishes as can be identified with certainty. Specimens 
selected for the reference collection are, of course, bottled separately. The ori- 
ginal identification sheet (Fig. 2 . 2 2 )  should note all specimens of eggs and larvae 
that are separately bottled for placement in the reference collection. Within the 
reference collection, eggs and larvae of fishes belonging to the same family are 
kept together as a unit, arranged alphabetically by genus and species. A phylogene- 
tic arrangement of families can be utilized, or an alphabetical arrangement of fami- 
lies. The former is the more convenient arrangement for trained ichthyologists, 
the latter for persons with less scientific background. 

Collections of eggs and of larvae of species under major study should be bottled 
separately for ready retrieval if necessary. The eggs are usually "staged" and/or 
"aged"; larvae are measured. Sometimes food studies are made on gut contents of 
larvae, etc. 

Eggs and larvae of species other than major species that are not separately 
bottled for the reference collection are best kept as units, Identified collections 
shGuld be stored in'an orderly manner, so that any given collection can be retrieved 
easily. For storing the 2-dram vials of eggs and larvae, a covered cardboard box 
having the dimensions length = 19,cm, width = 11.5 cm, depth = 7 cm is quite ser- 
viceable. 

Samples stored in the above manner must be curated to prevent the samples from 
losing liquid by evaporation and eventually drying out. For ready retrieval of 
collections of fish eggs and larvae, such a storage system is most recommenaed. 
The curation time is well worth the effort. An alternative is to store samples in 
a bath of 3 to 5 percent Formalin. When SO stored, the individual vials are usually 
stoppered with cotton. Perhaps the largest collection so curated i s  the Dana Col- 
lection (Carlesbergfondets at Charlottenlund Slot, Denmark), which utilizes 12-cm 
glass jars, 13.5 cm tall fcr storage of cotton-stoppered vials in a 5 percent For- 
malin bath. This is basically a museum storage technique, ahd cannot be recommended 
for collections that have to be consulted frequently. 

2.3. Data Summarization 

This section on data summarization considers only the recommended techniques for 
gathering thc data c o l l e c t e d  on the ichthyoplankton survey f o r  the estimation of  spawn- 
ing biomass. The analysis of errors in the process of gathering the data will be 
considered in Section 3 ,  "Theoretical Considerations". 

The end result of data summarization is to standardize the number of eggs or 
larvae in each plankton haul to the number under a unit area (lorn2 in this manual) 
of sea surface. This is a necessary prerequisite to estimating spawning biomass. 
Data forms used to assure good data summarization are shown in Fig. 2 . 2 3  and 
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S E T  I 

L O F a  

Figure 2.23. Forms usEd f o r  data summarization. (Modified from Kramer et a l . ,  
1972) 
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F i g u r e  2 . 2 4 .  
e t  e., 1 9 7 2 )  

Record of tests f o r  c ' a l i b r a t i o n  of f l o w m e t e r  #1179 .  (From Kramer 
- 
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50r 

The latter value is good for all average 

meters per second. The lowest usable 
average towing speed for this meter is 

speeds due to proportionate increase in f 

0.38 meters per second. Flowmeters 
are limited in performance at lower 

friction. The speed at which the meter 
stops is called the friction point. 

this manual, flowmeters with friction 
points at or above 0.55 meters per sec- 

towing speeds from 0.61 to at least 1.07 ;; 

c r  
g 4 5  

For ; 40. the type of prankton tow recommended in 

ond should be repaired or discarded. 

a '  

::: _ Q  
0 .  

1 L - L L . 1 2  
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Table 2.1. Worksheet for calculation of the average tangent 
from the wire angles recorded each 10 meters of 
wire recovered (See Figure 2.8) 

1 9 tan 8 

1 490 1.1504 
2 48 1.1106 
3 47 1.0724 
4 46 1.0355 
5 47 1.0724 

1.1106 6 48 
1.1106 7 48 

8 47 1.0724 
9 47 1.0724 
10 47 1.0724 
11 46 1.0355 
1 2  4 6  1.0355 

1.1106 13 48 
14 48 1.1106 
15 4 6  1.0355 
16 45 1.0000 
17 47 1.0724 

1.1106 18 48 
19 48 1.1106 
20 46 1.0355 

1.0000 21 45 
22 47 1.0724 
23 49 1.1504 
24 48 1.1106 
25 46 1.0355 

1.0000 26 45 
27 46 1.0355 
28 47 1.0724 
29 45 1.0000 
30 50 1.1918 

SUM 32.2051 
AVERAGE 1.0734 

1 -_ - 

estimate of the missing value. The estimate is based on the average of a l l  the wire 
angle readings made during the tow in question. 

If a ship tows somewhat faster than usual, the wire angle will tend to be higher 
and the revolutions per second will also respond with an increase-in rate. Conse- 
quently, a linear regression (Fig. 2.26) of the average tangent (T) (Table 2.1 and 
Section 2.3.3.) and revolutions per second (u) based on other tows made by the same 
flowmeter may allow an adequate estimate of the number of revolutions for the tow 
in question. The precision cf the estimate will be in part dependent on the number 
of t o w s  taken with the same meter, and also on the technical quality of the tow re- 
cords. 

dent 
The 

The least-squares method is used to calculate the regression line. The indepen- 
. variable (T) and the dependent variable ( u )  are listed in pairs (Table 2.2). 
regression line, in this example, is described by the equation 
u = 2.998 ? + 0.874 (r = 0.87 ; r2 = 7 5 % )  

If the average tangent of the tow in question is 0.971 (Table 2.2), the estimated 
value of u is 3.79 revolutions per second. 
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2.3.3. Equation of standardization 

basic equation Of standardization is 

c = 10 (a-'b-'c d )  

"C" is the number of eggs or larvae beneath a unit sea slirface area (10 square meters 
in this case); "a" is the area of the mouth of the bongo net in square meters; "b" is 
the length of the tow path in meters; "c" is the number of eggs or larvae in the 
sample; and "d" is the maximum depth of tow in meters. 

The value "a" is derived from t.he ,equation f o r  a circle which is 60 cm in dia- 
meter (0.3 m radius) ; 2 a = n r  

2 
= 3.141 (0 .3)  

= 0.2827 

The value "0" is derived from the calibrated flowmeter: 
b , =  f r 

" f "  is the calibration factor in meters per revolutibn (m/rev) f o r  a given.flow- 
meter at a given number of revolutions per second (Section 2.3.1.); and "r" is the 
number of revolutions of the flowmeter durins the tow. For example, in Fig. 2.23, 
Set I, Line 6 b = 0.147 (5260) v w  

= 773 

T h e  value "d" is determined from the tow data by the equation; 

d W cos  (tan-' T) 
"W" is the maximum length of wire out in meters (m); this is u s u a l y y  determined 
by a meter block in the towing winch system (Section 2.1.2.2.) and 1s recorded on the 
tow data sheet (Fig. 2.8); "T" is the average tangent of the wire angle taken at 30 
second intervals (Fig. 2 . 8 )  during the recovery phase of the plankton tow; 

n 

- T = 1 C i = l  tan 0 1 
n 

and "e'' is 
(Fig.' 2.8, 

- 
the angle at cacn reading of the wire from <he plankton tow data sheet 
Table 2.1). For example, (Fig. 2.23, Set I, Line 6) 

d = 300 (0.664) 
= 199 

Thus, fbr this example (Fig. 2.23, Set I, Line 6) "a" is 0.2827; "b" is 773; 
and "d" is 199. If 50 larvae ( c = 5 0 )  were taken in thf? sample, the solution to 

) the equation would be 1 C = 10 (A X 773 X 50 X 199 

= 455 larvae per 10 mz sea surface. 
2.3.4. Data Forms Used for Standardization 

The derivation of the equation of standardization (Section 2.3.3.) is not neces- 
sarily the same way the data become available or are needed. For sets of surrmary 
data sheets (Fig. 2.23) are used to assure the completeness and accuracy of organiza- 
tion of the data. 

Set I (Fig. 2.23) summarizes the data from the plankton tow data sheet. Column 
1 (in all four sets) is the station number. Column 2, bhich qives the order in which 
the station was occupied, comes from the "Captain's sheets" (Fig. 2 . 2 ) .  The order 
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Table 2.2.  Worksheet for estimation of missing flowmeter readings 
by the method of least squares (regression). 

TOW AVERAGE REVOLUTIONS 
ORDER TANGENT PER SECOND 

(T) (U) 

1 1 . 2 4 3  4 .76  

2 0 . 9 7 1  3.79* 

3 1 . 0 0 3  4.10 

4 1 .067 4 . 0 1  

5 1 . 0 9 5  4.13 

6 1 . 0 2 1  3 .86  

7 0 . 9 9 4  3 . 9 8  

8 1 . 0 5 6  3 . 7 8  

9 1 . 1 9 9  4.39 

occupied is used to trace back faults in flowmeters (e.g., malfunction) and nets 
(e.g., clogging) which affect entire sequences of tows. Column 3 is the duration of 
tow (towing time) and is recorded in minutes and seconds on the tow data sheet (Fig. 
2 . 8 ) .  Column 4 changes this value to seconds. The number of revolutions of the 
flowmeter is taken from the original tow data sheet and recorded in column 5. Column 
6 lists the revolutions per second which is calculated by dividing the value in col- 
umn 5 by the value in column 4. Revolutions per second is used to determine the 
calibration factor for the flowmeter (Section 2 . 3 . 1 . ) .  Column 6 is also monitored 
for high values to detect a cause of extrusion of small eggs and larvae. Column 7 
is the average tangent derived from the original tow data sheet by converting the 
angle readings to tangents, addiny them, and dividing by the numbex of readings (Ta- 
ble 2 . 1 . ) .  This value is rounded off to three places. It is used to determine the 
maximum depth of tow. The average tangent may also be used to estimate missing read- 
ings for a flowmeter which has been used for a series of tows on the same cruise 
(Sect. 2 . 3 . 2 ) .  Flowmeter calibration factors (Section 2 . 3 . 1 )  are recorded in column 
8 and are read from the calibration curve (Fig. 2 . 2 5 )  derived for each flowmeter for 
each cruise at the rate of speed in column 6. In column 9 the mouth area of the net 
is multiplied by the calibration factor for use in determining the volume of water 
strained (filtered). In column 10 the volume of water strained is obtained by multi- 
plying column 9, which is in m3 per revolution, by column 5 ,  which is in revolutions. 
In column 11 the cosine of the is recorded for use in estimating the 
maximum depth of tow. This value provides a better estimate of the maximum depth of 
tow than the cosine of the angle with maximum wire out. Column 1 2 ,  wire out is ob- 
tained from the original tow data sheet and is multiplied by the cosine of the 
angletan-lT (columnll) to estimate the depth of tow (column 13). Column 14, the 
standard haul factor, is obtained by dividing column 1 3  by column 10 and multiplying 
the answer by 10. The standardhaul factor multipliedbythe number o f  eggs or larvae in 
the sample gives the number of eggs o r  larvae per 10 m2 of sea surface. 

placement volume (Section 2.2.1.)  and corrects the values to cubic centimeters of 
plankton per lCOOm3 of water strained. 
to estimate the sorting time for the sample. 

. * estimated value 

angle tan-1 T 

Set 11 (Fig. 2.23) takes the information in Set I and the plankton sample dis- 

The values for volume of plankton may be used 

Set 111' (Fig. 2.23) is the summary of plankton volumes in a form which may be 
published. It lists the actual station position from the "Captain's sheets" (Fig. 
2 . 2 )  and the mid-time of tow from S e t  I. Since t h e  normal t o w  is about 2 0  minutes 
long, the data from the original tow data sheet (Fig. 2.8) are only recorded to 
within 5 minute accuracy. This information is used primarily for the study and cor- 
rection of the day-night difference in plankton volume and numbers of larvae. Other 
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Table 2.3 Basic  d a t a  t a b l e  f o r  assembly of r e g i o n a l  d a t a  t o  be used i n  making 
census  e s t i m a t e s .  
s u r f a c e  (C , S e c t i o n  2.4) f o r  each  s t a t i o n  on each  c r u i s e .  "0" i n d i -  
c a t e s  no l a r v a e  of  t h i s  s p e c i e s  were taken .  "-0" i n d i c a t e s  t h e  s t a t i o n  
was n o t  occupied. 

Numbers r e p r e s e n t  s a r d i n e  l a r v a e  p e r  1 0  m2 s e a  

STATION CRUISE 

01 02 04 05 07 10 

3.1 5 356 83 3 9 0 
3.2 -0 96 5 0 22 0 
3.3 0 14 36 6 21 0 
3.4 0 0 0 0 3 0 
4.1 0 0 0 0 3 0 
4.2 -0 0 6 3 35 3 

4.4 -0 -G 0 0 12 0 
5.1 -0 0 0 3 16 0 

5.2 3 49 3 6 0 5 
5.3 0 0 4 0 3 0 
5.4 0 0 4 0 0 0 

OCCUPIED ( N  ) 5 11 l? 12 12 12 

- 4.3 -0 0 43 90 13 

NUMBER OF STATIONS 

NUMBER OF STATIONS 
WITH LARVAE (NL) 2 4 8 5 10 3 

NUMBER OF LARVAE (ZC) 8 515 184 21 214 21 

Z C' 34 138,549 10,136 99 10,758 203 

1.176 7.370 8.267 2.988 10.832 2.290 c 1nC 

x ( lnCj2  0.716 14.610 10.820 1.894 13.962 1.957 
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d a t a  columns are from S e t  I and S e t  I1 d i r e c t l y .  

S e t  I V  (F ig .  2 . 2 3 )  i s  used  by t h e  f i s h  egg  and l a r v a  " i d e n t i f i e r s "  t o  r e c o r d  
sample d a t a  on t h e  i d e n t i f i c a t i o n  s h e e t  (F ig .  2 . 2 2 ) ,  e . g . ,  s t a n d a r d  h a u l  f a c t o r ,  
mid-time of  t o w ,  and p e r c e n t  of sample s o r t e d .  

2 . 4 .  Census Es t ima te  (La rva l  Index)  

T o  a r r i v e  a t  f i n a l  census  estimates, t h e  spawning a r e a  and t h e  survey  season  a r e  
d i v i d e d  i n t o  u n i t s  which s e r v e  a s  pooled  d a t a  a r e a s .  Th i s  allows a c o n s e r v a t i v e  
estimate o f  p r e c i s i o n  and f u r n i s h e s  a c o n c i s e  summary of  each  y e a r ' s  spawning a c t i -  
v i t y  w i t h i n  each  r eg ion .  
i n  t h e  a l l o c a t i o n  of sampl ing  e f f o r t  t o  maximize p r e c i s i o n  p e r  u n i t  c o s t  f o r  a t a r -  
g e t  s p e c i e s  ( t h e  pr imary  s p e c i e s  under s t u d y ) .  

Data from t h e  pooled  area may f u r n i s h  i n s i g h t  i n t o  changes 

I f  it has  been de termined ,  f o r  example,  t h a t  t h e  sample survey  w i l l  be conducted 
o v e r  t h e  f o u r  q u a r t e r s  of t h e  y e a r  (1985)  w i th  two c r u i s e s  each q u a r t e r  i n  t h e  
spawning season  and one c r u i s e  each  q u a r t e r  o u t  of t h e  normal spawning season ,  t h e  
s t a t i o n s  c l o s e  t o  each  o t h e r  may be  grouped r e g i o n a l l y  and s e a s o n a l l y .  I f ,  f o r  t h i s  
example, t h e  r e g i o n  of  poo l ing  ( r e g i o n  # 5 )  i s  1 2 0  by 80 n a u t i c a l  m i l e s  and c o n t a i n s  
t h r e e  l i n e s  of  s t a t i o n s  wi th  f o u r  s t a t i o n s  d i s t r i b u t e d  a l o n g e a c h  l i n e ,  t h e  
d a t a  f o r  f i s h  l a r v a e  may be  assembled as shown i n  Table 2 . 3 .  A t  t h e  base  of each  
column, s e v e r a l  sets of numbers have been c a l c u l a t e d  f o r  a n a l y s i s  and i n s p e c t i o n .  
They are t h e  number of  s t a t i o n s  occupied  (N), t h e  number of s t a t i o n s  a t  which s a r -  
d i n e  l a r v a e  occur  ( N L ) , t h e  t o t a l  number of  l a r v a e  t aken  i n  t h e  r e g i o n  d u r i n g  t h e  
c r u i s e  n 

t h e  sums of  t h e  s q u a r e s  of  t h e  numbers of  l a r v a e  
N 

t h e  sums of t h e  l o g a r i t h m s  -of tke numbers of l a r v a e  
N 

1 I n  c = C I n  ci i = l  
and t h e  sums o f  t h e  s q u a r e s  of t h e  loga r i thms  of t h e  nurnbers of l a r v a e  

N 

. .  
It  i s  e s s e n t i a l  t h a t  t h e s e  b a s i c  d a t a  are a v a i l a b l e  f o r  i n s p e c t i o n  so t h a t  q u e s t i o n s  
a r i s i n g  i n  t h e  i n t e r p r e t a t i o n  can be t r a c e d  t o  t h e  o r i g i n a l  d a t a .  

q u a n t i t i e s  N ,  N L ,  and C a r e  r e t a i n e d  and t h e  fo l lowing  q u a n t i t i e s  a r e  c a l c u l a t e d :  
These b a s i c  d a t a  (Table 2 . 3 )  are then  summarized (Tab le  2 . 4 ) .  The o r i g i n a l  

= IC 
NL 

The mean number o f  l a r v a e  p e r  p o s i t i v e  s t a t i o n ;  and 
Sc = [(C? - NL$) / (5 - 1 ) 1  f 

t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  number of  l a r v a e  p e r  p o s i t i v e  s t a t i o n ;  "lnC" t h e  mean of  
t h e  l o g s  o f  l a rvae  p e r  p o s i t i v e  s t a t i o n ;  " S i n  C" the  s t anda rd  d e v i a t i o n  of  t h e  l o g s  of 
l a r v a e  p e r  p o s i t i v e  s t a t i o n ; ' a n d  "F" t h e  e r r o r  f a c t o r  for t h e  p o s i t i v e  s t a t i o n s .  "P" 
i s  t h e  p r o p o r t i o n  of  t h e  s t a t i o n s  which a r e  p o s i t i v e  (an  e s t i m a t e  of  t h e  p r o p o r t i o n  of  
t h e  s e a  s u r f a c e  u n d e r l a i n  by l a r v a e ) ;  and ,  " L " ,  t h e  l a r v a l  i ndex ,  i s  t h e  r e g i o n a l  census  
e s t i m a t e  of  t h e  number o f  l a r v a e  i n  t h i s  t ime p e r i o d ,  which i n  t h e  g iven  example i s  

where t h e  f a c t o r  3.29 x l o 9  r e p r e s e n t s  t h e  number of 1 0  m 2  a r e a s  w i t h i n  t h e  pooled r e g i o n ,  
which i n  t h i s  c a s e  i s  1 2 0  x 80  n a u t i c a l  m i l e s .  

- 

L = 3.29 l o 9  (P E )  
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9 Table  2 . 6 .  T o t a l  survey  summary (LxlO ) by y e a r s  and r e g i o n s .  

TOTAL - YEAR REGION 
1 2 3 4 5 6 7 8 9 

- 

204 439 2 50 1 3 1  1 3 7 6  269 1 1 9  3193  1 9 7 8  84 3 2 1  

3 8 1  3 5 5  254 1 2 9  0 1 9 5 9  

1 9 8 0  5 216  57  430  69 47 7 3 5  ' 1 4 7  0 1 7 0 6  

3 268 1 5  0 1 1 3 7  1 9 8 1  1 8  226  4 579  24 

1 9 8 2  1 6 1  1 7 3  6 564  3 0 454  25  67  1 4 5 3  

1 9 8 3  1 2 8  9 0  4 288  0 0 252  1 6 0  0 9 2 2  

5 406  1 5 2  11 1 5 0 6  1 9 8 4  1 8 7  1 2 0  7 0  374  1 8 1  

1 9 8 5  36  3 5  6 99 189 

1 9 7 9  37  1 7 9  1 2 7  497 

Tab le  2 . 7 .  Worksheet for  comparing an  independent  biomass 
e s t i m a t e  wi th  t h e  l a r v a l  index .  

BIOMASS LARVAL 
ESTIMATE INDEX 

YEAR x l o 3  T o n s  1 0 9  

1 9 7 8  1 3 3 6  3193  

1 9 7 9  850  1 9 5 9  

1 9 8 0  586  1 7 0 6  

1 9 8 1  424 1 1 3 7  

1 9 8 2  562  1 4 5 3  

1 9 8 3  3 8 0  922  

1 9 8 4  ( 5 9 3 )  * 1 5 0 6  

* e s t i m a t e  based on l a r v a l  index  
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70. 

/ 

LARVAL INDEX x 10" 

F i g u r e  2.27.  A s c a t t e r - p l o t  Of 
t h e  r e l a t i o n s h i p  between spawn- 
i n g  b iomass  and t h e  l a rva l  abun-  
d a n c e  i n d e x .  Numbers i n d i c a t e  
y e a r s ,  e . g . ,  78=1978, e tc .  

Many of  t h e  f a c t o r k  d i s p l a y e d  i n  
T a b l e  2 .4  are  used  t o  ass is t  i n  t h e  e v a l -  
u a t i o n  o f  d a t a .  The c r u i s e s  i n  t h i s  ex- 
ample d o  n o t  r e p r e s e n t  e q u a l  p e r i o d s  o f  
t i m e ,  t h e r e f o r e , a  f u r t h e r  pooling o f  
t i o n s  i n  t i m e  must be accompl ished  f o r  
t h e  f i r s t  t w o  p a i r s  o f  c r u i s e s .  I n  T a b l e  
2.5, t h e  two w i n t e r  and s p r i n g  c r u i s e s  
have  been  p o o l e d  and t h e  r e g i o n a l  c e n s u s  
e s t i m a t e  o f  t h e  number of l a r v a e  i n  t h e  
e n t i r e  r e g i o n  i n  t h i s  t i m e  p e r i o d  h a s  
been  o b t a i n e d .  T h i s  c e n s u s  e s t i m a t e  i s  
a n  i n d e x  o f  spawning i n t e n s i t y  and c o v e r -  
a g e  f o r  t h i s  y e a r  i n  t h i s  r e g i o n .  

The l a r v a l  i n d e x  f o r  r e g i o n  #5  i n  
1985 ( t o t a l  i n  T a b l e  2 . 5 )  h a s  been  i n c o r -  
p o r a t e d  i n t o  t h e  t o t a l  s u r v e y  summary i n  
T a b l e  2.6. T h i s  l a r v a l  i n d e x  can  b e  
u s e d  by i t s e l f  t o  m o n i t o r  changes  i n  
spawning b iomass .  The r e l i a b i l i t y  of t h e  
l a r v a l  i n d e x  f o r  such  u s e  i s  e x e m p l i f i e d  
i n  F i g u r e 1 . 2  when compared w i t h  t w o  o t h e r  
i n d e p e n d e n t  estimates of  b iomass  of t h e  
P a c i f i c  m a c k e r e l .  The l a r v a l  i n d e x  c a n  
a l s o  be  u s e d  i n  c o n j u n c t i o n  w i t h  o t h e r  
d a t a  t o  make i n s t a n t a n e o u s  spawning b i o -  
mass es t imates .  ( S e c t i o n s .  2 . 5 ,  3 . 6 . )  

2 .5 .  E s t i m a t i n g  t h e  Spawning B i o m a s s  

One way t o  estimate t h e  spawning b i o -  
m a s s  of t h e  c u r r e n t  p o p u l a t i o n  i s  by u s i n g  

t h e  l a r v a l  i n d e x  o f  abundance.  O t h e r  methods of making spawning b iomass  estimates 
from i c h t h y o p l a n k t o n  s u r v e y s  are d i s c u s s e d  i n  S e c t i o n  3.6 a l o n g  w i t h  problems i n v o l -  
ved  i n  u s i n g  them. 

The method d e s c r i b e d  h e r e  i n v o l v e s  compar ison  of  t h e  l a r v a l  i n d e x  w i t h  a n o t h e r  
i n d e p e n d e n t  e s t i m a t e  of s p e c i e s  abundance.  T h i s  o t h e r  estimate c o u l d  b e  made, f o r  
example ,  by c o r r e l a t i n g  t h e  a g e  c o m p o s i t i o n  o f  t h e  s t o c k  w i t h  f i s h i n g  e f f o r t  and  
t h u s  d e t e r m i n i n g  t h e  number of f i s h  i n  e a c h  a g e  class a s  d e s c r i b e d  by Murphy ( 1 9 6 6 ) .  
The l a r v a l  i n d e x ,  when u s e d  i n  c o n j u n c t i o n  w i t h  Murphy's  estimate,  can  make up  f o r  a 
g e n e r a t i o n  o f  l a g  t i m e  and p r o v i d e  a n  e s t ima te  of t h e  c u r - r e n t  spawning b iomass .  

A h y p o t h e t i c a l  example of t h i s  method o f  e s t i m a t i n g  b iomass  i s  p r o v i d e d  i n  T a b l e  
2.7 and F i g u r e  2.27. I n  t h i s  example ,  t h e  l a r v a l  i n d e x  ( t o t a l  r e g i o n a l  c e n s u s  es t i -  
mate i n  T a b l e  2.6.) i s  a v a i l a b l e  f rom 1978 t h r o u g h  1984.  The o t h e r  i n d e p e n d e n t  
es t imate  (Murphy, 1966)  o f  f i s h  b iomass  ( T a b l e  2.7) i s  a v a i l a b l e  o n l y  t h r o u g h  1983. 
A l i n e a r  r e l a t i o n s h i p  e x i s t s  be tween t h e s e  t w o  es t imates  i n  t h e  form o f  t h e  e q u a t i o n :  

Bs = 0.436 L - 63.98 ( r  = .989;  r 2  = 9 8 % )  

"B" i s  t h e  spawning b iomass  o f  s a r d i n e s ,  "L" i s  t h e  l a r v a l  i n d e x ,  "r" i s  t h e  correla- 
t i o n  c o e f f i c i e n t ,  and "r2" i s  t h e  f i r s t  es t imate  o f  t h e  d e g r e e  of  dependence  of 
spawning biomass on l a r v a l  i n d e x .  T h i s  e q u a t i o n  p r o v i d e s  a method of  r e l a t i n g  p r e -  
v i o u s  q u a n t i t i e s  of f i s h  b iomass  w i t h  l a r v a  abundance i n  a way t h a t  can  b e  u s e d  t o  
es t imate  c u r r e n t  spawning biomass.  Thus by knowing t h e  l a r v a l  i n d e x  f o r  1984 (1506 
x l o 9 )  , t h e  spawning b iomass  ( 0 . 6  x l o 6  t o n s )  f o r  t h a t  y e a r  can  b e  e s t i m a t e d .  

Another  example i s  p r o v i d e d  i n  F i g u r e  1.1. The s a r d i n e  b iomass  w a s  e s t i m a t e d  
from f i s h e r y  d a t a  f rom 1940 t o  1959 by t h e  Murphy (1966)  method. A l a r v a l  i n d e x  
of abundance based  on i c h t h y o p l a n k t o n  s u r v e y s  w a s  a v a i l a b l e  f rom 1951 t o  1969. The 
l a r v a l  i n d e x  was " c a l i b r a t e d "  on t h e  p e r i o d  of o v e r l a p  (1951 t o  1959)  and  it w a s  
t h e n  p o s s i b l e  t o  make b iomass  es t imates  even though t h e  f i s h e r y  had e s s e n t i a l l y  
s t o p p e d .  
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3 .  T h e o r e t i c a l  C o n s i d e r a t i o n s  

I d e a l l y ,  i c h t h y o p l a n k t o n  s u r v e y s  c o n d u c t e d  a c c o r d i n g  t o  t h e  methods p r e s e n t e d  
i n  S e c t i o n  2 would r e s u l t  i n  s u i t a b l e  estimates of  t h e  spawning b iomass  o f  any p e l a -  
g i c  spawning f i s h .  U n f o r t u n a t e l y ,  even  though t h e  t e c h n i q u e s  may b e  s t a n d a r d i z e d ,  
t h e  spawning b e h a v i o r  o f  p e l a g i c  o r g a n i s m s  may v a r y  w i d e l y  enough t o  n e c e s s i t a t e  
changes  i n  t e c h n i q u e s .  F o r  example,  i n  i n d i v i d u a l  cases it may be  n e c e s s a r y  t o  i n -  
t e n s i f y  t h e i c h t h y o p l a n k t o n  s u r v e y  f o r  a p a r t i c u l a r  purpose  o r ,  c o n v e r s e l y  i t  may b e  p o s -  
s i b l e  t o  compromise some o f  t h e  t e c h n i c a l  q u a l i t y  o f  t h e  s u r v e y s  and s t i l l  o b t a i n  
a c c e p t a b l e  estimates o f  t h e  spawning biomass.  While  t h e  fundamenta l  r e a s o n  f o r  
t h i s  s e c t i o n  i s  t o  p r o v i d e  i n f o r m a t i o n  t o  d e t e r m i n e  i n d i v i d u a l  r e q u i r e m e n t s  o f  s t a n -  
d a r d  i c h t h y o p l a n k t o n  s u r v e y s ,  it i s  hoped t h a t  t h i s  s e c t i o n  w i l l  a l s o  s e r v e  t w o  
o t h e r  p u r p o s e s :  1) i t  s h o u l d  a d v i s e  on  ways i n  which s u r v e y s  c o n d u c t e d  w i t h  non- 
s t a n d a r d  sampl ing  t e c h n i q u e s  c a n  b e  u s e f u l l y  r e l a t e d  t o  t h e  s t a n d a r d  s u r v e y s ;  and 
2 )  i t  s h o u l d  p r o v i d e  s u f f i c i e n t  i n f o r m a t i o n  on  t h e  s o u r c e s  and t h e  magni tude  o f  
s a m p l i n g  error so  t h a t  t h e  s u r v e y  s p e c i a l i s t ,  w i t h  e x p e r i e n c e  and t h e  u s e  of  t h i s  
manual and t h e  r e s e a r c h  p a p e r s  t o  which it r e f e r s ,  can  make a c o n t r i b u t i o n  t o  t h e  
s o l u t i o n  of c o n t i n u i n g  s a m p l i n g  problems.  

3 . 1 .  S t a t i s t i c s  

The p r e s e n t  manual i s  n o t  i n t e n d e d  t o  be comprehens ive  w i t h  r e g a r d  t o  s t a t i s t i -  
c a l  d e s c r i p t i o n  and a n a l y s i s  of  d a t a .  However, some s u b j e c t s  w i l l  b e  d i s c u s s e d  t o  
i n t r o d u c e  t h e  r e a d e r  t o  p a r t i c u l a r  problems e n c o u n t e r e d  when s a m p l i n g  i c h t h y o p l a n k -  
t o n .  S t a n d a r d  s t a t i s t i c s  t e x t s  s h o u l d  be  c o n s u l t e d  f o r  t h e  g e n e r a l  c o n c e p t s  o f  
s t a t i s t i c a l  d e s c r i p t i o n ,  t e s t i n g  o f  h y p o t h e s e s , a n d  s a m p l i n g  d e s i g n .  For  i c h t h y o -  
p l a n k t o n  s u r v e y  problems Southwood ( 1 9 6 6 )  i s  recommended. A b a s i c  s t a t i s t i c a l  
d e s c r i p t i o n  i s  g i v e n  by G u l l a n d  (1966,  1 9 6 9 ) .  Problems of b i a s e s  and i m p r e c i s i o n  
a re  t r e a t e d  i n  t h e  UNESCO (1968)  Monograph on  Zooplankton  Sampling.  Sample d e s i g n  
i s  t r e a t e d  s p e c i f i c a l l y  t h e r e i n  by Cassie ( 1 9 6 8 ) .  The e x p e n s e  of  mar ine  p l a n k t o n  
s a m p l i n g  and a n a l y s i s  may j u s t i f y  t h e  s e r v i c e s  of  a p r o f e s s i o n a l  s t a t i s t i c i a n  f o r  
t h e  p l a n n i n g  o f  t h e  d a t a  a n a l y s i s .  

3 . 1 . 1 .  Numbering Sys tems 

The b a s i c  number s y s t e m  i n c l u d e s  i n t e g e r s  o r  whole numbers; 

0 ,  1, 2 ,  3 ,  4 ,  . . . . i n f i n i t y  ( t o  a n  u n l i m i t e d  d e g r e e ) .  These may a l s o  b e  
e x t e n d e d  t o  numbers on t h e  n e g a t i v e  s i d e  o f  z e r o  t o  i n f i n i t y .  Between any t w o  whole 
numbers t h e r e  a re  f r a c t i o i i s  i n  t h i s  s y s t e m  which c a n  b e  i n f i n i t e l y  s u b d i v i d e d ,  e .g . :  

0, 1, 2 ,  3 ,  4 ,  . . . . i n f i n i t y  

2 . 1 ,  2 . 2 ,  2 . 3 ,  2 . 4 ,  

2 . 2 1 ,  2 . 2 2 ,  2 . 2 3 ,  2 . 2 4 .  

Groups o f  numbers can  a l so  b e  e l a b o r a t e d  t o  i n f i n i t y  as  i n  t h e  commonly r e f e r -  
r e d  t o  " o r d e r s  o f  magni tude"  s y s t e m  , c . g .  : 

0 . 1 ,  1, 10, 100, 1000,. 10000, 100000, 1000000. . . 
which i n  t h i s  example e x t e n d s  from o n e - t e n t h  t o  one m i l l i o n  by o r d e r s  o f  magni tude .  
S i n c e  t h i s  s y s t e m  soon becomes unwie ldy ,  a n  a b b r e v i a t e d  s y s t e m  o f  " e x p o n e n t s "  can  
b e  used:  

0.1 l o i  = 1000 10 '1  = 

100 = 1 l o J  = 10000 

l o 1  = 1 0  l o 5  ~ O O O O O  

l o 2  = 1 0 0  lo6 = 1000000 
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ORIGINAL SAMPLES 
NAUPLII PER SAMPLE 

I l l  1 1  I 1 1 1  1 ' '  
..... ....... 

20 40 60 00 120 140 160 180 200 
A 

NAUPLII PER LITER ... . ..r-r.. 
1 1 -  1 7 - 7 7  

0 20 40 60 80 100 120 140 160 180 200 

C 

D 

NAUPLII PER LITER . . . . . . . . . . . . . . . . . . .  
1 , , 1 1 1 t t # 1 I  V I  1 1  

30 35 40 45 50 55 60 65 70 

. i .  . i i . NAUPLII PER LITER 
1 , I I - i  

30 40 50 60 70 

NEW SAMPLES 

. . .  NAUPLII PER SAMPLE 
1 , 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ' ~ ~ ~ ~  

..... 0 -0 ....... 
0 50 100 I50 200 

E 

n 

F NAUPLII PER LITER nniln. 
i o  40 io  60 i o  

Figure 3.1. An example of sample data summaries. A) A graphic presenta- 
tion of a number system from 0 to 200 with a dot at the position of each 
2-liter sample count of nauplii. The 2-liter sample counts are rep- 
resented as nauplii per liter. C) A segment of the scale has been ex- 
panded to the range of sample data expressed as nauplii per liter. D) 
The same sample array grouped in 10 nauplii per liter intervals, 30 
(25-351, 40 (35-45), etc. E )  New samples from the same population in 
nauplii per 2-liter sample. F) 
per liter intervals. 

B) 

The sample array grouped in 10 nauplii 
The length of each bar is proportional to the - nuder of sample values within each interval. 
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These exponents can also be subdivided like fractions in the system of logarithms: 

101.0 = 10 101*6 = 39.8 

10l.l - 12.6 101a7 = 50.1 

= 63.1 = 15.6 

= 79.4 

102.0 = 100.0 

= 20.0 

1 0 ~ . ~  = 25.1 

lo1*' = 31.6 102. 7 = 501 103s7 = 5012 

Approximations of logarithms of numbers and the number approximated by a loga- 
rithm may be found in books  of mathematical tables. The precision of the approxi- 
mation is controlled by the number of decimal places in the mantissa (the portion 
of the exponent following the decimal point). For example, the text table above may 
be used as one place table of anti-logarithms. The following is a two place table 
of logarithms, showinq only the mantissae : 

- X Loglox 

1 00 

2 30 

3 48 

4 60 

5 70 

- X Loglox 

6 76 

7 85 

8 90 

9 95 

The characteristic, or order of naqnitude must be determined separately, as above. 
(loo = 1, lo1 = 1 0 ,  lo2 = 100). The characteristic is the power of ten, and the 
mantissa is zero for all integer powers of ten. The mantissa is used for decimal 
fract'on powers of ten. For example = 5.012, 101-70 = 10 x 5.012 = 50.12, 

X = 0 has no logarithm. Table 3.5 (below) is an abbreviated table of the mantissae. 
Tables of 4 ,  5 or 6 place logarithm and anti-logarithms are often available in books, 
and electronic calculators often have the capacity to generate 8 or 10 place equi- 
valent s . 
3.1.1.1. Eoa1 Distribution 

= lo2 x 5.012 = 501.2, and 105.70 = l o 3  x 5.012 = 5012. Note that the value 

Another form of number system is related to the distribution being sampled. For 
example, assume there is a well stirred brood tank of nauplii being reared to feed 
fish. 
(listed in descending order) of nauplii counted in each of the 20 samples are: 137, 
128, 122, 118, 114, 111, 108, 105, 102, 100, 99, 97, 94, 91, 89, 8 6 ,  8 3 ,  80, 76, 
69 (see also Fig. 3 . 1 ,  line A ) .  The ordered counts of nauplii per liter would be 
half the original numbers. On the fractional number scale they would be represented 
as in Fig. 3.1, line B. Only a portion o f  the fractional number system is necessary 
f o r  this set of samples. Or .  line C (Fig. 3.1), the samples are designated on a number 
scale which extends only from 30 to 70 nauplii per liter. Then all values are related 
to the nearest whole ten, 30, 40, 50, 60, 70, in line D (Fig. 3.1). Counts f rom 60 new 
samples of nauplii from the same tank are first represented by dots on the whole 
number scale (Fig. 3 . 1 ,  line E )  and then classified to "tens" in nauplii per liter 
(Fig. 3 .1 ,  line F). 

Twenty successive two-liter samples are taken at random from the tank. Numbers 



46 

There is a strong resemblance between the 20 samples and the 60 samples with 
regard to the central tendency of both distributions at 50 nauplii per liter and the 
absence of samples at 20 or less and 80 or more nauplii per liter. If the brood 
tank of nauplii had been completely separated into two liter units, there is reason 
to believe, on the basis of these two sets of samples, the general form of the dis- 
tribution sample sizes in terms of nauplii per sample or nauplii per liter would be 
the same as the two sample sets illustrated. The only way to determine exactly how 
many nauplii were in the brood chamber would be to empty the chamber and count each 
nauplius: i.e., take a census. For many purposes the sample information was ade- 
quate and the census would contain little additional information. In many cases, 
like this, a census would be too expensive, unnecessary, or impossible. (For ex- 
ample, the census might kill the nauplii and render them unfit for fish food.) A l s o ,  
during fast growth, the number of nauplii might change during a complete census but 
be stable for most purposes during a short sampling interval. 

The example we have just examined was drawn from a "Normal" distribution. It 
was described by a set of samples which estimated two parameters; one for the posi- 
tion of the center on the number scale and one for the variation of the samples from 
this center. The central position is called the "arithmetic mean" or the "average" 
and the variation of the samples is called the "standard deviation." For the 20- 
sample series, the arithmetic mean (m) is determined by the equation: 

x1 + x 2 + x 3 + .  . . + x20 
20 in= 

which reads, the.arithmetic mean equals the sum of the first number plus the second 
number plus the third number plus all the numbers up to and including the 20th 
nimi>er wh ich  t h e n  is d i v i d e d  by  20. I t  i s  ~ i s u a l l y  a b b r e v i a t e d  u s i n g  t h e  Greek 
l e t t c r  "X" (S igma)  f o r  t h e  "sum o f "  and  t h e  s i n a l l e r  l e t t e r  "i" t o  d e n o t e  t h c  s u l , s c r i p t  
number for each "x" in the following manner: 

which for this set of data is: 
1 
20 m = - (2009) 

= 50.2 nauplii per 
It is conventional to call this 
mean it is intended to estimate 
4000 liters, then 2000, 2-liter 
ulation mean would be: 

2000 

liter 
the sample mean I'm'' and to denote the population 
by the Greek 1otter"u" ( N u ) .  I f  t h e  b r o o d  t a n k  h e l d  
samples could be taken and the equation for the pop- 

= 50 nauplii per liter 

The second parameter which describes the "Normal" population is called the s t a n -  
d a r d  d e v i a t i o n  "sX". I t  r e t ' c r s  t o  e a c h  mcclsurcmcnt (si) t o  t h e  p o p u l a t i o n  mean ( u ) .  
The sum of the differences between each measure and the sample mean will be zero; 
thus the standard deviation is calculated from the square of the values of the 
deviations of individual measurements, or in conventional shorthand: 

i = l  
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i s  where sx i s  t h e  sample estimate of s t a n d a r d  d e v i a t i o n  of t n e  v a r i a b l e  "x", "n" 
t h e  sample  s i z e ,  and "ml' i s  t h e  sample  estimate o f  t h e  p o p u l a t i o n  mean as above.  

d a r d  d e v i a t i o n  t e n d s  t o  u n d e r e s t i m a t e  t h e  p o p u l a t i o n  s t a n d a r d  d e v i a t i o n .  
t e n d e n c y  i s  c o r r e c t e d  by t h e  u s e  o f  'In-1" o r  " d e g r e e s  o f  f reedom" a s  t h e  d i v i s o r  
r a t h e r  t h a n  "n", t h e  number o f  o b s e r v a t i o n s .  
estimate o f  t h e  v a r i a n c e  o f  "x". 

i s  i n f i n i t e  i n  t h e o r y ,  and sample estimates of  t h e  r a n g e  can  o n l y  i n c r e a s e  w i t h  i n -  
c r e a s i n g  sample  s i z e s .  
v a l u e s  which  encompass a s t a t e d  p r o p o r t i o n  ( s a y  95%) of  t h e  p o p u l a t i o n .  The sample  
s t a n d a r d  d e v i a t i o n  d e f i n e d  above  may b e  u s e d  t o  e s t i m a t e  p a i r s  o f  v a l u e s  which  w i l l  
encompass any p r o p o r t i o n  of t h e  p o p u l a t i o n  o r  sample  d i s t r i b u t i o n .  T a b l e s  f o r  t h i s  

The v a l u e  "n-1" i s  used  as a d i v i s o r ,  b e c a u s e  i f  "n" i s  u s e d ,  t h e  sample  s t a n -  
T h i s  

The v a l u e  Sx2 i s  c a l l e d  t h e  sample  

( lowest  number t o  t h e  h i g h e s t  number) I n  t h e  " N o r m a l "  p o p u l a t i o n ,  t h e  " r a n g e "  

F o r  t h i s  r e a s o n ,  it i s  u s u a l  t o  s e e k  i n s t e a d  a p a i r  of 

T a b l e  3.1. N o r m a l  d e v i a t e s  ( 2 )  and s e l e c t e d  p r o b a b i l i t i e s .  

.o  .1 .2 .3 .4' .5 .6 .7 .8 .9 

0. .500 .460 .421 -382 .345 .309 .274 .242 .212 ..184 
1. .159 .136 .155 .097 .081 .067 .OS5 .045 .036 -029 
2. .023 .018 .014 .011 . 008  .006 .005  .004 .003 .002 
3. .001 

T a b l e  3.2 Areas u n d e r  t h e  normal  c u r v e .  

.o .1 .2 .3 .4 . 5  .6 .7 .E .9 

0. .OOO .040 -079 .118 .155 .192 .226 .258 .288 .316 
1. .341 .364 .385 .403 .419 .433 .445 .455 .464 .471 
2. .477 .482 .486 .489 .492 .494 .495 .497 .497 .498 
3. .499 

p u r p o s e  a re  p r e p a r e d  f o r  any S i t u a t i o n s  which  r e q u i r e  g r e a t  p r e c i s i o n .  A b b r e v i a t e d  
t a b l e s  f o r  l e a r n i n g  p u r p o s e s  a re  g i v e n  i n  T a b l e s  3.1 and 3.2 and t h e s e  may s u f f i c e  
f o r  all b u t  t h e  m o s t  demanding t es t s .  

c u r v e .  The b a s i c  u n i t  of t h e  "normal"  d i s t r i b u t i o n  i s  t h e  d i f f e r e n c e  be tween t h e  
o b s e r v a t i o n  and t h e  p o p u l a t i o n  mean o f  a l l  o b s e r v a t i o n s  d i v i d e d  by t h e  s t a n d a r d  
d e v i a t i o n .  .The u n i t  i s  c o n v e n t i o n a l l y  known by t h e  l e t t e r  " z "  and c a l c u l a t e d  by t h e  
e q u a t i o n :  

These t a b l e s  (3.1 and 3.2) are  complementary t a b u l a t i o n s  r e g a r d i n g  t h e  "normal"  

b 

x.  - ll 
2 .  = ___ 1 

1 

The l e t t e r  " x i "  r e p r e s e n t s  t h e  v a r i a b l e  under  c o n s i d e r a t i o n ,  t h e  Greek le t ter  "p" 

r e p r e s e n t s  t h e  p o p u l a t i o n  mean as a b o v e ,  t h e  Greek 1 e t t e r " o "  (Sigma) i s  t h e  p o p u l a -  
t i o n  s t a n d a r d  d e v i a t i o n ,  and  t h e  1e t t e r "Z i "  i s  t h e  number o f  s t a n d a r d  d e v i a t i o n u n i t s  
" x i "  i s  from t h e  $ o p u l a t i o n  mean. I n  T a b l e  3 . 1 ,  t h e  " Z "  v a l u e  o f  0 . 0  r e p r e s e n t s  t h e  
a r i t h m e t i c  mean o t h e  d i s t r i b u t i o n .  The v a l u e  a t  t h e  i n t e r c e p t  of  t h e  0 .  row and 
t h e  . O  column i s  . S O 0  which i s  i n t e r p r e t e d  a s  meaning t h a t  h a l f  t h e  sample v a l u e s  
a r e  above and h a l f  t h e  sample v a l u e s  a r e  below t h e  a r i t h m e t i c  mean. The i n t e r c e p t  
o f  t h e  1. row and t h e  . 3  column is  . 0 9 7 .  T h i s  i s  r e a d  a s  9 . 7 %  o f  a l l  sample  v a l u e s  

(Mu) 
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are above t h e  a r i t h m e t i c  mean p l u s  1 . 3  s t a n d a r d  d e v i a t i o n s  and 9.7% o f  a l l  sample  
v a l u e s  are below t h e  a r i t h m e t i c  mean minus 1 . 3  s t a n d a r d  d e v i a t i o n s .  I n  t h e  comple- 
mentary  t a b l e  3 . 2 ,  t h e  i n t e r c e p t  o f  t h e  1. r o w  and  t h e  . 3  column i s  .403.  T h i s  i s  
r e a d  t h a t  40.3% o f  a l l  sample  v a l u e s  are between t h e  a r i t h m e t i c  mean and t h e  a r i t h -  
m e t i c  mean p l u s  1 . 3  s t a n d a r d  d e v i a t i o n s  and 40.3 % o f  a l l  sample  v a l u e s  a re  between 
t h e  a r i t h m e t i c  mean and  t h e  a r i t h m e t i c  mean minus 1 . 3  s t a n d a r d  d e v i a t i o n s .  Note  
t h a t  t h e  v a l u e s  o f  t h e  i n t e r c e p t  o f  1. r o w  and  t h e  . 3  column are  .097 i n  T a b l e  3 . 1  
and  .403 i n  t a b l e  3.2 and  t h e s e  v a l u e s  add t o  . 5 0 0 .  A l l  s i m i l a r  i n t e r c e p t s  i n  t h e  
t w o  t a b l e s  are complementary t h u s  e i t h e r  t a b l e  a l o n e  would s u f f i c e  f o r  b o t h  t y p e s  
o f  e x p r e s s i o n .  L a s t l y ,  asymmetr ic  s t a t e m e n t s  of p r o b a b i l i t y  may a l s o  b e  made from 
t h e s e  t a b l e s .  F o r  example,  t h e  v a l u e  a t  t h e  i n t e r c e p t  of  row 1. and column .6  i n  
t a b l e  3.2 i s  .* and t h i s  may b e  s t a t e d :  44.5% o f  a l l  sample  v a l u e s  l i e  be tween 
t h e  a r i t h m e t i c  mean and  t h e  a r i t h n e t i c  mean p l u s  1 . 6  s t a n d a r d  d e v i a t i o n s .  S i n c e  w e  
know t h a t  50% o f  a l l  s a m p l e  v a l u e s  l i e  below t h e  sample  mean, t h i s  means 9 4 . 5 %  o f  
a l l  sample  v a l u e s  l i e  below t h e  a r i t h m e t i c  mean p l u s  1 . 6  s t a n d a r d  d e v i a t i o n s .  

From t h e  n a u p l i i  example ( T a b l e  3 . 3 ) ,  t h e  mean number o f  n a u p l i i  p e r  l i t e r  i s  
50.225,  t h e  s t a n d a r d  d e v i a t i o n  i s  8 . 9 1 ,  t h e  r a n g e ,  34.5 t o  68 .5  n a u p l i i  p e r  l i t e r ,  
and  r a n g e  o f  d e v i a t i o n s  e x t e n d s  from 15 .725  n a u p l i i  p e r  l i t e r  below t h e  mean t o  
18.275 n a u p l i i  p e r  l i t e r  above t h e  mean. E x p r e s s e d  i n  s t a n d a r d  d e v i a t i o n  u n i t s  t h e  
lowes t  v a l u e  i s  1 . 7 6  s t a n d a r d  d e v i a t i o n s  below t h e  mean and t h e  h i g h e s t  v a l u e  i s  
2 , 0 5  s t a n d a r d  d e v i a t i o n s  above  t h e  mean. T h i s  i s  n o t  a n  u n r e a s o n a b l e  asymmetry f o r  
s u c h  a small  sample .  One i s  j u s t i f i e d  f o r  s u s p e c t i n g  t h a t  t h e s e  20 samples  have n o t  
e x p l o r e d  t h e  e n t i r e  r a n g e  of  t h e  2000 samples  p o s s i b l e  f rom t h i s  t a n k .  One sample  
s t a n d a r d  d e v i a t i o n  below t h e  mean i s  50.225 - 8.91  or 41.315. Sample v a l u e s  x 1 ,  
x2 and x3 a re  lower t h a n  t h i s  v a l u e .  One sample  s t a n d a r d  d e v i a t i o n  above  t h e  mean - 
i s  50 .255  + 8 . 9 1  or 59.135.  S i m i l a r l y ,  sample  v a l u e s  x x19, and x2 l i e  above 
t h i s  v a l u e .  Thus,  3/20 o r  15% o f  t h e  v a l u e s  l i e  more t h a n  o n e  s tandar!  d e v i a t i o n  
below t h e  mean and 3/20 o r  15% of  t h e  v a l u e s  l i e  more t h a n  one s t a n d a r d  d e v i a t i o n  
a b o v e  t h e  mean. T h i s  means t h a t  70% of a l l  samples  l i e  between t h e  one  s t a n d a r d  
d e v i a t i o n  l i m i t s  a b o u t  t h e  mean. 

T a b l e  3.1 a t  1 . 0  z ,  g i v e s  t h e  p o p u l a t i o n  v a l u e  f o r  t h i s  as  . I 5 9  o r  15 .9% o f  
s a m p l e  v a l u e s  a re  more t h a n  one  s t a n d a r d  d e v i a t i o n  above  t h e  mean and  15 .9% are  more 
t h a n  one s t a n d a r d  d e v i a t i o n  below t h e  mean. T h i s  means t h a t  1 0 0 %  - 1 5 . 9 %  o r  6 8 . 2 % a r e  
w i t h i n  f one  s t a n d a r d  d e v i a t i o n  u n i t  o f  t h e  mean. A s  s t a t e d  a b o v e ,  T a b l e s  3 . 1  and 
3.2 a re  complementary i n  t h e  s e n s e  t h a t  one g i v e s  t h e  p r o p o r t i o n  o f  v a l u e s  l i k e l y  
t o  b e  o u t s i d e  se t  s t a n d a r d  d e v i a t i o n  u n i t s ,  w h i l e  t h e  o t h e r  g i v e s  t h e  p r o p o r t i o n  
o f  v a l u e s  l i k e l y  t o  b e  w i t h i n  g i v e n  s t a n d a r d  d e v i a t i o n  u n i t  b o u n d a r i e s .  One s h o u l d  
become c o m p l e t e l y  f a m i l i a r  w i t h  b o t h  methods o f  p r e s e n t - a t i o n .  P a r t i c u l a r  a t t e n t i o n  
s h o u l d  b e  p a i d  t h e  v a l u e  1.96 s t a n d a r d  d e v i a t i o n s  above and  below t h e  mean, b e c a u s e  
t h i s  means t h a t  2 . 5 %  o f  a l l  sample  v a l u e s  l i e  o u t s i d e  t h e  u p p e r  and  lower bounds or 
9 5 %  of  t h e  v a l u e s  l i e  w i t h i n  t h e s e  bounds.  T h i s  s h o u l d  b e  commit ted  t o  memory f o r  
s t a t i s t i c a l  work s i n c e  e s t i m a t i o n  o f  t h e  chance  of b e i n g  wrong o n l y  once  i n  2 0  t i m e s  
( 9 5 % )  i s  a common s t a t i s t i c a l  p r a c t i c e .  

Thus,  o f  t h e  number s y s t e m s  ment ioned  s o  f a r ,  t h e  whole number s y s t e m ,  t h e  
f r a c t i o n a l  number s y s t e m ,  t h e  l o g a r i t h m i c  s y s t e m ,  and t h e  normal  s y s t e m ,  t h e  l a t t e r  
i s  t h e  o n l y  s y s t e m  which i s  d e f i n e d  by a p o p u l a t i o n  o f  c o u n t s  o r  measurements  w i t h  
t h e  c e n t r a l  p o s i t i o n  d e t e r m i n e d  by t h e  a r i t h m e t i c  mean and a number i n  " z "  u n i t s  o f  
s t a n d a r d  d e v i a t i o n s  above  and below t h e  a r i t h m e t i c  mean. One p r o p e r t y  o f  t h e  normal 
sys tem s h o u l d  be  n o t e d :  t h e  sample s t a n d a r d  d e v i a t i o n  i s  i n d e p e n d e n t  o f  t h e  sample  
mean and t h u s  t h e  two p a r a m e t e r s  a r e  i n d e p e n d e n t  measures  o f  t h e  p o p u l a t i o n .  I t  i s  
i m p o r t a n t  t o  r e a l i z e  t h a t  t h e s e  c o n s t r a i n t s  a r e  n o t  o f t e n  s a t i s f i e d  i n  t h e  n a t u r a l  
d i s t r i b u t i o n  o f  an imal  p o p u l a t i o n s  i n  t h e  s e a  o r  e l s e w h e r e ,  a l t h o u g h  on o c c a s i o n  
p a r t s  o f  t h e  s e a  may a p p r o a c h  a s t a t e  o f  b e i n g  mixed somewhat l i k e  t h e  t a n k  of  n a u p l i i  
i n  t h e  example.  

Another  example o f  t h e  normal  d i s t r i b u t i o n  and a s i m p l e  g r a p h i c  method f o r  tes t -  
i n g  i t s  u t i l i t y ,  may b e  s e e n  f rom t h e  d a t a  of F r a s e r  (1969)  r e g a r d i n g  t h e  d e g r e e  
of p e n e t r a t i o n  o f  o c e a n i c  p l a n k t o n  i n t o  t h e  N o r t h  Sea  ( T a b l e 3 . 4 ;  F ig .  3 . 2 . ) .  For 
t h i s  example t h e  N o r t h  S e a  e x t r e m e  p o s i t i o n  o f  t h e  o c e a n i c  p l a n k t o n  w a s  r e c o r d e d  f o r  
32 o f  t h e  45 y e a r s  be tween 1920 and 1965. These  p o s i t i o n s  were grouped  i n t o  
30-mile  c a t e g o r i e s  i n  T a b l e  3 .4 .  A t  t h e  r i g h t  margin o f  t h e  t a b l e  t h e  i n d i v i d u a l  
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Table 3.3. Ordered set of data from a normal distribution of 
samples of nauplii (an example). 

SAMPLE 
NAUPLII 
PER LITER 

DEVIATION 
FROM MEAN 

x1 

2 X 

x3 

x4 

5 

x6 

X 

x7 

x8 

9 X 

x1 0 

x1 1 

x12 

x1 3 

x14 

"15 

x16 

x17 

x1 8 

x19 

20 X 

34.5 

38 

40 

41.5 

43 

44.5 

45.5 

47 

48.5 

49.5 

50 

51 

52.5 

54 

55.5 

57 

59 

61 

64 

68.5 

-15.725 

-12.225 

-10.225 

-8.725 

-7.225 

-5.725 

-4.725 

-3.225 

-1.725 

-0.725 

-0.225 

+0.775 

+2.275 

+3.775 

+5.275 

+6.775 

+8.775 

+10.775 

+13.775 

+18.275 

Z X ~  = 1004.05 C(xi-m) = 0 . 0  

m = 50.225 md = 0.0 

= 1509.2375 

s = 8.91 
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g r o u p  p e r c e n t a g e s  and t h e  c u m u l a t i v e  

graph  p a p e r ,  c a l l e d  p r o b a b i l i t y  p a p e r ,  
which h a s  t h e  c u m u l a t i v e  p e r c e n t a g e  
a x i s  a d j u s t e d  s o  t h a t  a "normal" 
d i s t r i b u t i o n  would be r e p r e s e n t e d  a s  
a s t r a i g h t  l i n e ,  was t h e n  u s e d .  The 
a x i s  is nunlbered from 0 . 0 1 ;  t o  9 3 . 3 9 %  
The cu inula t ive  p e r c e n t a g e s  from 1 7 .  1% 
t o  9 7 .  1% from T a b l e  3 . 4  wcre p l o t t e d  

, 
group p e r c e n t a g e s  a r e  l i s t e d .  S p e c i a l  

i n  p o s i t i o n  ( F i g .  3 . 2 ) .  The f a c t  t h a t  
t h e s e  ~ o i n t s  a r e  sui tab1.y c l o s e  t o  a 

I I 1  I 1 1 1 1 1 1 ' J  
I 5 10 50 90 95 99 999 9999 

s t r a i g h t  l i n e  1 5  c o n s i s t e n t  w i t h  a 

p l a n k t o n  t o  p e n e t r a t e  t h e  North Sea 1s 
h y p o t h e s i s  t h a t  t h e  tendency  of  o c e a n i c  o 

a "norina1lv"- d i s t r i b u t e d  v a r i a b l e .  PROBABILITY 

'llle u t i l i t j .  o f  t h i s  g r a p h i c  method i s  
t h a t  d a t a  s e t s  c a n  be s i i n u l t a n e o u s l y  
compared w i t h  r c s p e c t  t o  t h e  
" n o r m a l i t y "  o f  t h e  d i s t r i b u t i o n s ,  t h e  
s i m i l a r i t y  of- t h e  iiieans, and t h e  
s t a n d a r d  d e v i a t i o n s .  

3 .l. 1.2 . I.ognolm;t 1 I l i  s t r i h u  t i on 

F i g u r e  3 . 2 .  P e n e t r a t i o n  o f  o c e a n i c  p l a n k t o n  
i n t o  t h e  Nor th  Sea .  The d a t a  i n  T a b l e  3 . 4  
h a v e % b e e n  p l o t t e d  on normal  p r o b a b i l i t y  
p a p e r  by u s e  of t h e  c u m u l a t i v e  p e r c e n t  f r e -  
quency of T a b l e  3 . 4  as  t h e  a b s c i s s a  and t h e  
n a u t i c a l  m i l e s  o f  p e n e t r a t i o n  r e c o r d e d  by 
p l a n k t o l o g i s t s  as  t h e  o r d i n a t e .  ( A f t e r  
F r a s e r ,  1 9 6 9 )  

I n  t h e  lognormdl  sys tem ( A i t c h i s o n  and Brown, 1 9 5 7 ) ,  t h e  sample v a l u e s  v a r y  by 
a se r ies  o f  p r o p o r t i o n s  o f  t h e  c e n t r a l  v a l u e  r a t h e r  t h a n  by a c o n s t a n t  amount from 
t n e  mean a s  i n  t h e  Normal d i s t r i b u t i o n .  The u s e s  o f  t h e  c e n t r a l  measure and t h e  
s t a n d a r d  d e v i a t i o n  a r e  t h e  same: t h e  d i f f e r e n c e  i s  t h a t  t h e  e q u a t i o n s  a r e  

log x1 + log x + log x3 + . . . + log xn log g = 2 
n 

e-., a s  b e f o r e  

n 

log g = 1 c log xi n 
i=l  

w i t h  t h e  d i f f e r e n c e  t h a t  t h e  v a l u e  "q" i s  t h e  qeome r i c  mean o f  t h e  se of  numbers 
r a t h e r  t h a n  t h e  a r i t h m e t i c  mean ( m )  i n  t h e  c a s e s  above.  The sample s t a n d a r d  d e v i a -  
t i o n  is s i m i l a r l y  d e t e r m i n e d  a s  above b u t  now r e f e r s  t o  a p r o p o r t i o n  t o  be  m u l t i p l i e d  
o r  d i v i d e d  by t h e  g e o m e t r i c  mean t o  d e t e r m i n e  t h e  d i s t r i b u t i o n  of v a l u e s .  

TO \ n \ c x  tile t r o u h l c  o f  c , ~ l c u l a t i i ~ g  t h e  jiconicti I L  
mean and t h e  r a t i o s  of  a l l  v a l u e s  and t h e  d e v i a t i o n s  of  t h e  r a t i o s  f rom u n i t y ,  i t  is  
c o n v e n t i o n a l  t o  c o n v e r t  a l l  v a l u e s  t o  logs  (any  b a s e )  and p r o c e e d  a s  i n  t h e  normal 
d i s t r i b u t i o n .  T a b l e  3 . 5  p r o v i d e s  a handy method f o r  c o n v e r t i n g  measurements  o r  
c o u n t s  t o  logs. A s  s t a t e d  aboit:, i f  t h e  numbers t o  be  so t r a n s f o r m e d  a r e  between 1 
and 1 0 ,  t h e  v a l u e  i n  t h e  tG1hl .  I ,  u \ c L l  i n  'I bc i . c .  1 0  l o g  t r . ~ i i ~ f o r i i i , ~ t i o r i .  I T  t h e  
numbers a r e  between 1 0  and 100 ,  t h e  number i n  t h e  t d b l e  i s  p r e c e d e d  by t h e  v a l u e  
"l.", and so on f o r  o t h e r  o r d e r s  o f  magni tude .  The c o n v e n t i o n a l  n o t a t i o n  may a l so  
be used  f o r  t h e  sample  s t a n d a r d  d e v i a t i o n ' o f  t h e  log o f  t h e  g e o m e t r i c  mean: 

I t  i s  i m p o r t a n t  t o  n o t e  two l i m i t a t i o n s  on t h e  u s e  of t h e  lognormal  d i s t r i b u t i o n :  it 
must be d e m o n s t r a t e d  i n  e a c h  c a s e  ( a s  i n  t h e  normal d i s t r i b u t i o n )  t h a t  t h e  v a r i a n c e  
i s  i n d e p e n d e n t  o f  t h e  mean; and ,  "Lognormal t h e o r y  c a n n o t  be a p p l i e d  d i r e c t l y  t o  any  
sample  which c o n t a i n s  a z e r o  v a l u e . "  ( A i t c h i s o n  and Brown, 1969,  p. 9 4 ) .  For  ex-  
ample,  i n  t h e  e q u a t i o n  f o r  t h e  mean t h e r e  i s  no l o g a r i t h m i c  e q u i v a l e n t  f o r  x i  = ' 0 ' :  
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T a b l e  3 .5 .  T h r e e  place m a n t i s s a e  fo r  base t e n  l o g a r i t h m s .  

0 1 2 3 4 5 6 7 8 9 

1 0 0 0  0 4 1  079 1 1 4  146  1 7 6  204 230 2 5 5  279 
2 3 0 1  322 342 352 380 398  415 4 3 1  447 462 
3 477 4 9 1  505  519 532 544 556 568  580 5 9 1  
4 602 6 1 3  6 2 3  634 644 6 5 3  6 6 3  672  6 8 1  6 9 0  
5 699 708 716 724 732 740 748 756 763  7 7 1  
6 778 7 8 5  792 799 806 813 820 826 833  839 
7 8 4 5  8 5 1  857  863  869 875  8 8 1  887 892  898  
8 9 0 3  909 914 919 924 929 9 3 5  940 9 4 5  949 
9 954 959 964 969 973 978  982 987 9 9 1  996 

s i m i l a r l y  i n  the e q u a t i o n  f o r  t h e  s t a n d a r d  d e v i a t i o n ,  t h e  e x p r e s s i o n  ( l o g  g - l o g  
x i )  i s  e q u i v a l e n t  t o  d i v i s i o n  by ' 0 '  when x i  = ' 0 ' .  

Users o f  t h i s  manua l  m u s t  a s s u r e  t h e m s e l v e s  t h a t  i n  e a c h  case w h e r e  l o g n o r m a l  
a n a l y s e s  a re  u s e d ,  s u f f i c i e n t  care  is  t a k e n  t h a t  t h e  a s s u m p t i o n s  c r i t i c a l  t o  t h e s e  
a n a l y s e s  a r e  e x a m i n e d .  B a g e n a l  ( 1 9 5 5 )  l i s t s  s e v e r a l  m i s u s e s  o f  t h e  l o g n o r m a l  d i s t r i -  
b u t i o n  i n  m a r i n e  p l a n k t o n  s a m p l i n g  a n d  a l s o  d e s c r i b e s  t h e  p r o p e r  u s e  o f  t h e  me thod .  
I n  p a r t i c u l a r ,  t h e  u s e  o f  l o g a r i t h m i c  t r a n s f o r m a t i o n s  w i t h  t h e  n a t u r a l  b a s e  "e" is 
recommended f o r  s a m p l e  s t a t i s t i c s  i n s t e a d  of  t h e  b a s e  ' 1 0 '  l o g a r i t h m  b e c a u s e  o f  t h e  
ease w i t h  w h i c h  u n b i a s e d  a r i t h m e t i c  means may b e  d e r i v e d  f r o m  t h e  mean and  v a r i a n c e  
o f  I n  x i .  The e q u a t i o n  f o r  t h e  mean a n d  v a r i a n c e  a re  a s  a b o v e  w i t h  t h e  t r a n s f o r m e d  
v a r i a t e .  

3 .1 .1 .3 .  Negative B i n o i n  i a  1 I ) i  5 t  r i  1)ut i on - - ~ ____  ~ 

I n  t h e  Normal a n d  l o g n o r m a l  d i s t r i b u t i o n s  t h e  v a r i a n c e  i s  i n d e p e n d e n t  o f  
t h e  mean. I n  t h e  n e g a t i v e  b i n o m i a l  d l s t r i b u t i o n ,  t h e  v a r i a n c e  i s  r e l a t e d  t o  t h e  
mean i n  t h e  f o l l o w i n g  manner :  

2 
s 2 = m t  !K- k 

A t h e o r e t i c a l  d i s c u s s i o n  o f  t h e  p r o p e r t i e s  ot t h e  n e g a t i v e  b i n o m i a l  is beyond  t h e  
s c o p e  o f  t h e  m a n u a l  ( S e e  Anscombe, 1949 ;  F i s h e r ,  1 9 4 1 ) .  I t  h a s  b e e n  f o u n d  t o  b e  
u s e f u l  i n  t h e  s t u d y  o f  t r a w l  c a t c h e s  o f  f i s h  ( T a y l o r ,  1953).  

One g o a l  of s t a t i s t i c a l  a n a l y s i s ,  i s  t o  m i n i m i z e  t h e  money a n d  e f f o r t  e x p e n d e d  
t o  o b t a i n  and'  i n t e r p r e t  d a t a .  F o r  t h e  p u r p o s e  s t a t e d  f o r  t h i s  m a n u a l ,  i . e . ,  t o  
m o n i t o r  i m p o r t a n t  c h a n g e s  i n  t h e  s p a w n i n g  b i o m a s s  of f i s h  t h r o u g h  i c h t h y o p l a n k t o n  
s u r v e y s ,  o n e  c a n  i d e n t i f y  t h e  l e v e l  o f  s a m p l i n g  e f f o r t  n e c e s s a r y  t o  a c h i e v e  s u i t a b l e  
s e p a r a t i o n  of i m p o r t a n t  d i f f e r e n c e s .  F o r  e x a m p l e ,  i f  o n e  w i s h e s  t o  d i s t i n g u i s h  
b e t w e e n  y e a r s  d i f f e r i n g  by  2 5 % ,  a n d  i f  o n e  a s s u m e s  t h a t  t h e  n e g a t i v e  b i n o m i a l  i s  
t h e  most a p p r o p r i a t e  d i s t r i b u t i o n  model  f o r  i c h t h y o p l a n k t o n , t h e  f o l l o w i n g  e q u a t i o n  
(Sou thwood ,  1 9 6 6 ,  p .  20) w i l l  a l l o w  a f i r s t  a p p r o x i m a t i o n  o f  t h e  number o f  s a m p l e s  

nccdcd  t o  a c h i e v e  t h e  m o n i t o r i n g  g o a l  precision j Z S % ) :  
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* t N "  i s  t h e  number o f  s a m p l e s  r e q u i r e d ,  "m" i s  t h e  sample  mean o f  t h e  number o f  e g g s  
o r  l a r v a e  p e r  u n i t  a rea ,  " k "  i s  t h e  d i s p e r s i o n  F a r a m e t e r  o f  t h e  n e g a t i v e  b i n o m i a l  
d i s t r i b u t i o n ,  and  "D"  is t h e  p e r c e n t a g e  l e v e l  of d i f f e r e n c e  r e q u i r e d  t o  d i s c r i m i n a t e  
between i m p o r t a n t  and u n i m p o r t a n t  c h a n g e s .  F o r  example,  i f  w e  u s e  t h e  v a l u e  f o r  
s a r d i n e  e g g s  w i t h i n  one d a y  o f  spawning ( S m i t h ,  1973)  o f  a b o u t  1 0 0  e g g s  p e r  1 0  m'for 

, U m "  

r e q u i r e d  is:  , 1 
, and a "k"  o f  0 .014,  and a "D" o f  0.25  ( 2 5 %  d i f f e r e n c e )  t h e  number o f  s a m p l e s  

%'0.014- 71.43 
( * 2 5 1 2  0.0625- 1143 N =  
. - - - ,  

The v a l u e  of " D "  i s  s e l e c t e d  a r b i t r a r i l y  by t h e  r e s e a r c h e r  t o  m e e t  t h e  g o a l s  o f  t h e  
program w i t h  r e s p e c t  t o  d e t e c t i o n  of  i m p o r t a n t  d i f f e r e n c e s .  The v a l u e  of  " k "  may be 
e s t i m a t e d  i n  v a r i o u s  w a v s  (Southwood, 1966)  b u t  t h e  s i m p l e s t  e s t i m a t o r  i s :  

n 

1 0 , 0 0 0  
4 , 3 8 6 - 1 0 0  k =  k = -  mL 

2 - m 
AS a b o v e ,  " m "  i s  t h e  a r i t h m e t i c  mean, and " s 2 "  is t h z ' v a r i a n c e  o r  t h e  squa re  o f  ;he 
s t a n d a r d  d e v i a t i o n  " s " .  These sample  v a l u e s  i n c l u d e  t h e  "0" s a m p l e s ,  i f  a n y ,  i n  
t h e  p r e l i m i n a r y  s a m p l e s .  

T a b l e  3 . 6 .  E s t i m a t i o n s  o f  t h e  number o f  s a m p l e s  n e c e s s a r y  t o  
o b t a i n  certair, l e v e l s  of p r e c i s i o n  ( D )  f o r  v a r y i n g  
d e g r e e s  o f  p a t c h i n e s s  (k). 

D 
k 

. os  .10 . 2 5  - 5 0  

0 . 0 1  40004 1 0 0 0 1  1 6 0 0  400 
0.02  20004 5 0 0 1  800 2 0 0  

0 . 0 5  8004 2 0 0 1  320 80 

0.10 4004 1001 1 6 0  40 
0.20 2004 5 0 1  80 20 

0 .50  804 20 1 3 3  8 

1 . 0 0  404 1 0 1  1 6  4 
2.00  204 5 1  8 2 .  

T a b l e  3 . 6  r e p r e s e n t s  a c a l c u l a t i o n  o f  t h e  number of samples  r e q u i r e d  t o  d i s -  
c r i m i n a t e  between samples  a t  l e v e l s  o f  d i f f e r e n c e  from 5 %  ( 0 . 0 5 )  t o  5 0 %  ( 0 . 5 0 )  
when t h e  v a l u e  of  "k" v a r i e s  f rom 0 . 0 1  t o  2 .  The mean number of e g g s  o r  l a r v a e  
p e r  sample  i s  a r b i t r a r i l y  f i x e d  a t  1 0 0  f o r  t h i s  t a b l e .  

3 .1 .2 .  Data Comparisons 

I n  a d d i t i o n  t o  t h e  p r e p a r a t i o n  o f  d a t a  summaries  (see S e c t i o n  2 . 3 . )  f o r  p r a c t i -  
c a l  e v a l u a t i o n  o f  spawning b iomass  e s t ima tes ,  it is o f t e n  n e c e s s a r y  t o  examine 
c e r t a i n  s t a t i s t i c a l  p r o p e r t i e s  o f  t h e  d a t a  set .  F o r  example ,  t h e  i n c i d e n c e  o f  a 
s i n g l e  l a r g e  sample ,  d u r i n g  a n y  s i n g l e  y e a r  o f  a 10-year  s a m p l i n g  program,  may 
l e a d  one  t o  b e l i e v e  q u i t e  f a l s e l y  t h a t  t h e  y e a r  h a s  been u n u s u a l .  I t  h a s  been  
emphas ized  t h a t  t h e  arithmetic mean i s  less  and l e s s  e f f i c i e n t  as  t h e  d i s t r i b u t i o n  
o f  sample  s i z e s  g e t s  skewed. C e r t a i n  c o n s e q u e n c e s  o f  t h i s  f a c t  may be  l e s s e n e d  
by u n d e r s t a n d i n g  t h e  d i s t r i b u t i o n  o f  spawning p r o d u c t s  ( S e e  S e c t i o n  3.4. be low)  and 
p r e s e n t i n g  d a t a  i n  s u c h  a way a s  t o  expose  rare l a r g e  samples .  

I n  T a b l e  3.7 a re  t h r e e  c h a r a c t e r i s t i c  number d i s t r i b u t i o n s  i l l u s t r a t i n g  o n e  
"normal"  d i s t r i b u t i o n  and t w o  " l o g n o r m a l "  d i s t r i b u t i o n s  w i t h  d i f f e r e n t  d e g r e e s  o f  
s t a n d a r d  d e v i a t i o n  o f  t h e  l o g s .  All t h r e e  d i s t r i b u t i o n s  a r e  c e n t e r e d  a t  a b o u t  1 0 0 ,  
i . e . ,  a b o u t  an  e q u a l  number o f  o b s e r v a t i o n s  e x c e e d  1 0 0  a s  a re  lower t h a n  100 .  W e  
w i l l  b r i e f l y  examine some o f  t h e  s t a t i s t i c a l  p r o p e r t i e s  o f  t h e s e  t h r e e  number sets. 
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T a b l e  3.'7. T h r e e  c h a r a c t e r i s t i c  number d i s t r i b u t i o n s .  

Log Noma1 "A" Log N o r m a l  "B" N o r m a l  

1 4 9  99 4 7 9  9 6  1 7 7 8 5  1 0 0  
1 4 3  9 8  3 8 0  9 3  9 8 1 3  8 9  
1 3 7  9 7  3 3 9  9 1  5 0 1 2  7 9  
1 3 3  9 7  3 0 2  8 9  39 8 1  7 1  
1 3 0  9 6  269 8 5  2 8 1 5  6 6  
1 2  8 9 5  263 8 3  2 2 3 9  6 3  
1 2  6 9 4  2 4 6  8 1  1 7 7 8  5 6  
1 2 3  9 3  229 7 9  1 4 1 3  5 0  
1 2 2  9 2  214 7 6  1 1 2 2  4 5  
1 2 1  8 1  1 9 5  74 1 0 9 7  4 0  
1 1 9  9 0  1 9 1  7 2  8 9 1  3 5  
1 1 8  89 1 7 8  69  7 0 8  3 2  
1 1 7  89 1 6 6  6 3  6 3 1  2 8  
1 1 5  8 8  1 6 2  6 2  5 6 2  2 5  
1 1 4  8 7  1 5 9  5 8  5 0 1  2 2  
1 1 3  8 6  1 4 8  5 6  4 4 7  20  
1 1 2  85  1 4 5  55  3 9 8  1 8  
111 8 4  1 4 1  5 2  3 5 5  1 4  
1 1 0  8 3  1 3 8  5 1  3 1 6  1 3  
1 0 9  8 2  135  5 0  2 8 2  11 
1 0 8  8 1  1 3 2  4 7  2 6 9  1 0  
1 0 7  8 0  1 2 9  4 5  2 5 1  9 
1 0 6  7 8  1 2 3  4 3 .  224 8 
105 7 7  1 2 0  4 1  2 0 0  6 
1 0 4  7 6  1 1 8  3 9  1 7 8  4 
1 0 3  7 3  115 3 7  1 5 9  4 
10  2 7 1  1 1 0  3 2  1 4 8  3 
1 0 1  69 1 0 7  2 8  1 4 1  2 
1 0 1  67 1 0 5  20 1.26 1 
100  5 9  1 0 2  1 5  1 1 2  0.7 

Normal Log norma 1 A" L o g  normal 'I E" 

899.70  m ( a r i t h m e t i c  mean) 1 0 0 . 5 5  123.70  

s ( s t a n d a r d  d e v i a t i o n )  1 9 . 5 8  92.39 2 6 4 2 . 7 1  

C o e f f i c i e n t  o f  v a r i a t i o n  1 9 %  7 5 %  2 9 4 %  

I n  9 1.99  1 . 9 9  2 . 0 1  

g ( g e o m e t r i c  mean) 98.67 96 .70  1 0 2 . 2 1  
s 9  ( s t a n d a r d  d e v i a t i o n )  0.09  0 . 3 1  9.98  

I n  T a b l e  3.8 w e  have  d i v i d e d  t h e  o r i g i n a l  normal number s e t  i n t o  c l a s s e s .  I n  
column "A",  t h e  c lass  b o u n d a r i e s  a r e  57.5 t o  62.5,  62.5 t o  67 .5 ,  and  so o n ,  f o r  1 9  
c l a s s e s .  The r e p r e s e n t a t i v e  v a l u e  f o r  e a c h  class,  or  " p o i n t "  is 6 0 ,  65 ,  70, . . . 
1 4 5 .  I n  Column "B" t h e  c l a s s  b o u n d a r i e s  a re  55 t o  65,  6 5  t o  75,  and so on,  f o r  10 
classes,  and  t h e  c l a s s  poi r . t s  are  6 0 ,  70, 80 ,  . . ., 1 5 0 .  I n  Column "C" t h e  c l a s s  
b o u n d a r i e s  a r e  5 0  t o  70,  7 0  t o  90,  and so o n  f o r  5 c l a s s e s .  The p o i n t  v a l u e s  are 
6 0 ,  80, . . ., 1 4 0 .  I n  Column "D" t h e  c l a s s  b o u n d a r i e s  a r e  40 t o  60, 6 0  t o  80,  and 
so on  f o r  6 classes.  W e  f i n d  t h a t  t h e  p a r a m e t e r  es t imates  from t h e s e  c l a s s i f i e d  
d a t a  sets d i f f e r  v e r y  l i t t l e  from t h e  p o p u l a t i o n  mean, 100.55 ,  and t h e  p o p u l a t i o n  
s t a n d a r d  d e v i a t i o n , l 9 . 5 8 .  I n  e a c h  case, t h e  " p o i n t "  o f  t h e  c lass  w a s  m u l t i p l i e d  
by t h e  f r e q u e n c y  v a l u e  f o r  t h e  c lass ,  t h e  r e s u l t s  were summed and d i v i d e d  by t h e  
summed f r e q u e n c y .  I t  is l i k e l y ,  t h e  "C"  or "D" c l a s s i f i c a t i o n s  would b e  more e a s i l y  
u n d e r s t o o d  as  a normal  f r e q u e n c y  d i s t r i b u t i o n ,  by i n s p e c t i o n ,  t h a n  any  o f  t h e  
o t h e r  c l a s s i f i e d  d i s t r i b u t i o n s  o r  t h e  c o m p l e t e  d a t a  set  i t s e l f  ( T a b l e  3 . 7 ) .  
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Table 3.8. Sample frequency distributions with varying class 
boundaries and points for the normal distribution 
in Table 3.7. 

POINT POINT POINT POINT 
+ 2.5 -+ 10 UNGROUPED - + 10 - + 5  - - POINT 

~~ 

50 

5 5  1 

60 1 1 3 

6 5  1 
7 0  2 4 8 

7 5  3 

80 4 8 

8 5  5 

9 0  6 1 2  

1 7  

2 2  

9 5  6 

1 0  0 6 1 2  

1 0 5  5 

110  5 1 0  

1 1 5  4 

1 2 0  4 6 

1 2 5  2 

1 3 0  2 4 

1 3 5  2 

1 4 0  0 2 4 

1 4 5  1 

1 5 0  1 1 2 

m 100.58  1 0 0 . 5 0  9 9 . 6 7  100.33  1 0 0 . 5 5  

S 1 9 . 7 9  1 9 . 4 3  20.00 20 .99  1 9 . 5 8  

2 2  

1 9  

1 4  

8 

In a similar manner, the logarithmic distributions may be summarized to in- 
spect the frequency distribution. In Table 3.9 one may see the two lognormal 
number sets summarized by classes. The classes increase by multiples of four 
(any multiple may be used) and the class boundaries are 0.25  to 1, 1 to 4 ,  4 to 
16, and so on for nine classes, and the class points are the geometric means of 
the class boundaries, 0.5, 2, 8, 32, 1 2 8 ,  . . . , 3276. One must note that the 
arithmetic means are not particularly precise estimates of the population mean, 
but they are likely no more imprecise than sample estimates of 10 or 20 from 
distributions of this kind. Still the general lognormal appearance of the data is 
emphasized and the lognormal and arithmetic parameters of the mean and standard 
deviations are unbiased. 

It is important to become familiar with the distributions for each planktonic 
stage for etich species of fish. In this way, errors in judgment may be avoided or 
minimized. 

Some examples from the CalCOFI program may serve to illustrate some kinds of 
statistical distributions of ichthyoplankton. For example, the fundamental sample 
distribution of sardine eggs has not changed markedly, even though the population 
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T a b l e  3.9. Sample f r e q u e n c y  d i s t r i b u t i o n s  w i t h  even  l o g a r i t h m i c  
class b o u n d a r i e s  and log-normal. f r e q u e n c i e s  ( T a b l e .  3.7) 

CLASS BOUNDARY LOG LOG-NORMAL LOG-NORMAL 

LOW3R UPPER MID-POINT MID-POINT A B 

. 2 5  1 0 . 5  -0.30 1 

1 4 2 0 .30  3 

4 1 6  8 0.90 1 9 

1 6  6 4  3 2  1 . 5 1  1 7  1 2  

6 4  2 5 6  1 2 8  2 . 1 1  36 1 4  

2 5 6  1 0 2 4  5 1 2  2 . 7 1  6 11 

1 0 2 4  4 0 9 6  2 0 4 8  3 . 3 1  7 

4 0 9 6  1 6 3 8 4  8 1 9 2  3 . 9 1  2 

1 6 3 8 4  6 5 5 3 6  3 2 7 6 8  4 .52  1 

m 1 3 7 . 2 0  11A9.57 

S 1 3 2 . 3 3  4425.54  

h a s  d e c r e a s e d  2 0 - f o l d  ( T a b l e  3 . 1 0 ) .  The scale  o f  sample  h a s  been d i f f e r e n t  w i t h  
e a c h  d e c a d e ,  b u t  t h e  b a s i c  d i s t r i b u t i o n  o f  t h e  a l l - i m p o r t a n t  l a r g e  s a m p l e s  r e m a i n s  
p r o p o r t i o n a t e .  The lower end  o f  t h e  d i s t r i b u t i o n  i s  a sampl ing  t h r e s h o l d  and i t  
a p p e a r s  t o  b e  e s s e n t i a l l y  lognormal  a s  i n  1 9 3 1 - 3 2  b u t  t h e  " u n i t "  sample ( o n e  egg  
p e r  s a m p l e )  a p p e a r s  t o  be  a p o o l  o f  a l l  areas  less t h a n  t h e  upper  boundary o f  t h e  
s m a l l e s t  sample  s i z e  c lass .  Thus t h e  h igh-speed  s a m p l e r  o f  1 9 5 0  w i t h  a s m a l l  
mouth o p e n i n g ,  c o u l d  o n l y  r e p r e s e n t  u n i t  s a m p l e s  f o r  a l l  a r e a s  w i t h  a n  a v e r a g e  o f  
less t h a n  2 5 6  e g g s  p e r  10  m 2 .  
s t a n d a r d  d e v i a t i o n  and  t h e  n e g a t i v e  b i n o m i a l  "k" . One may also n o t e  t h e  r e m a r k a b l e  s t a b i l i t y  of t h e  

The s e n s i t i v i t y  o f  t h e  sample  f r e q u e n c y  d i s t r i b u t i o n  i s  i l l u s t r a t e d  by t h e  
spawning c y c l e  o f  t h e  hake  ( T a b l e  3 . 1 1 )  and t h e  r e s p e c t i v e  samples  o f  e g g s  and 
l a r v a e  from a t y p i c a l  hake season,  December 1 9 5 4  t h r o u g h  A p r i l ,  1 9 5 5 .  T h i s  i s  
p r o b a b l y  t h e  most i n t e n s e  p a t t e r n  e x h i b i t e d  by i c h t h y o p l a n k t o n  i n  t h e  C a l i f o r n i a  
C u r r e n t .  T h i s  w i l l  l i k e l y  be e x p l a i n e d  by t h e  f e c u n d i t y  o f  t h e  i n d i v i d u a l  f e m a l e s ,  
t h e  h a b i t  o f  spawning below t h e  mixed l a y e r  of t h e  o c e a n ,  and t h e  l o n g  p e r s i s t e n c e  
o f  e g g s  and  l a r v a e  i n  t h e  c o l d e r  w a t e r s .  

One i s  o f t e n  c o n f r o n t e d  w i t h  q u e s t i o n s  1, ike " A r e  s a m p l e s  o f  t y p e  " A "  comparable  
w i t h  s a m p l e s  o f  t y p e  "B"?"  Of t h e  s t a t i s t i c a l  t es t s ,  few are a s  w i d e l y  u s e f u l  i n  
i c h t h y o p l a n k t o n  sampl ing  a s  t h e  Kolmogorov-Smirnoy.7 T e s t  ( T a t e  and C l e l l a n d ,  1957,  
p.  6 2 ) .  Two examples  a r e  p r o v i d e d  h e r e ;  one  i n  which t h e  samples  a r e  drawn from 
d i f f e r e n t  d i s t r i b u t i o n s  and one  i n  which t h e  samples  a r e  drawn from t h e  same 
d i s t r i b u t i o n .  

The f i r s t  example i s  drawn from a t es t  which a s k s  t h e  q u e s t i o n  " A r e  anchovy 
e g g s  t h e  same d i a m e t e r  i n  August  o f  1 9 7 2  a s  t l iey w e r e  i n  F e b r u a r y  o f  1 9 7 2 ? "  I n  
T a b l e  3.12, t h e  m i d p o i n t s  o f  t h e  f r e q u e n c y  c l a s s e s  o f  t h e  d i a m e t e r s  of t h e  e g g s  a r e  
l i s t e d  a s  f r a c t i o n s  of a mill imeter from 0 . 5 6 4 3  t o  0 .8550  and t h e  number of e g g s  mea- 
s u r e d  a t  e a c h  s i z e  i s  i n  t h e . s e c o n d  column. The n e x t  column l i s t s  t h e  p e r c e n t  e a c h  
c a t e g o r y  i s  o f  t h e  t o t a l  and t h e  l a s t  column i s  t h e  cumula t ive  sum o f  t h e  p e r c e n t s  
f o r  t h e  month o f  F e b r u a r y .  
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Table 3 .12 .  Worksheet for Kolmogorov-Smirnov test demonstrating the 
difference between anchovy egg diameters in February and 
August 1 9 7 2 .  

A U G U S T  F E B R U A R Y  
DIAMETER CUMULATIVE CUMULATIVE DIFF. 

(m) FREQUENCY FREQUENCY FREQUENCY FREQUENCY FREQUENCY FREQUENCY ( % )  

. 5 6 4 3  

.5814  

. 5 9 8 5  

- 6 1 5 6  

. 6 3 2 7  

. 6 4 9 8  

. 6 6 6 9  

.6840  

. 7 0 1 1  

. 7 1 8 2  

. 7 3 5 3  

- 7 5 2 4  

. 7 6 9 5  

. 7 8 6 6  

.EO37 

.E208 

,8379 

. 8 5 5 0  

3 

1 2  

3 0  

7 5  

8 7  

9 6  

9 0  
72  

. 5  

2 . 0  

5 .0  

1 2 . 5  

1 4 . 5  

1 6 . 0  

1 5 . 0  
1 2 . 0  

. 5  

2 . 5  

7 . 5  

20 .5  

3 4 . 5  

5 0 . 5  6 

6 5 . 5  1 8  

1 7 . 5  84 

51 8 . 5  8 6 . 0  7 5  

5 1  8 . 5  9 4 . 5  1 3 5  

1 2  2 . 0  9 6 . 5  9 6  

6 1 . 0  9 7 . 5  69  

9 1 . 5  99 .0  48 

6 1 . 0  1 0 0 . 0  30 

24 

6 

3 

. 5  

2 . 5  

7 . 5  

20 .0  

3 4 . 5  

1 . 0  1 . 0  49 .5  

3 .0  4 .0  6 1 . 5  

1 4 . 1  1 8 . 2  5 9 . 3  

1 2 . 6  3 0 . 8  

2 2 . 7  5 3 . 5  

1 6 . 2  69 .7  

1 1 . 6  8 1 . 3  

8 . 1  89 .4  

5 . 1  9 4 . 4  

4.0 98 .5  
1 . 0  9 9 . 5  

0 . 5  1 0 0 . 0  

55 .2  

41 .0  

2 6 . 8  

1 6 . 2  

9 .6  

5 . 6  

1.5 

0 . 5  

0 . 5  

0 . 0  

N 6 0 0  594  

m . 6614  - 7 2 8 5  

s . 0 4 2 2  . 0 3 6 8  

D.05  5 . 6 %  

, 
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T a b l e  3.13. C u m u l a t i v e  f r e q u e n c y  t ab l e  fo r  t he  Kolmogorov-Smi rnov  
t es t  d e m o n s t r a t i n g  t h e  s i m i l a r i t y  between m e a s u r e m e n t s  
of a g r o u p  of a n c h o v y  larvae b y  t w o  p e o p l e .  

CUMULATIVE CUMULATIVE 
LENGTH FREQUENCY FREQUENCY DIFFERENCE 

(mm) ( % I  ( % I  ( % I  

2.0 0 . 5  

2 . 5  

3.0 1 . 6  

3 . 5  2.7 

4 .0  1 4 . 4  

4 . 5  1 9 . 8  

5.0 28 .9  

5 . 5  36.9 

6 . 0  

6 . 5  

7 . 0  

7 .5  
8 . 0  

8 . 5  

9 . 0  

9 . 5  

1 0 . 0  

1 0 . 5  

46 .0  

51 .9  

55 .9  

67 .4  

7 3 . 8  

78 .6  

8 7 . 7  

9 1 . 4  

9 4 . 1  

9 6 . 8  

0 . 5  

1 . 6  

5.9 

1 6 . 2  

20 .0  

3 5 . 7  

42 .2  

49 .2  

53 .0  

61 .6  

7 0 . 8  

7 6 . 2  

7 9 . 5  

8 8 . 1  

9 0 . 8  

9 5 . 1  

9 6 . 2  

0.0 

0 . 0  

3 . 2  

1 . 8  

0 . 2  

6 . 8  

5 . 3  

3 . 2  

1.1 

1 .7  

3 .4  

2 .4  

0 .9  

0 . 4  

0 .6  

1 . 0  

0 . 6  

1 1 . 0  9 8 . 4  9 7 . 8  0 .6  

11.5 98 .4  0 . 0  

1 2 . 0  98 .9  98 .9  0 . 0  

1 2 . 5  9 9 . 5  9 5 . 5  0 .0  
1 3 . 0  

1 3 . 5  

1 4 . 0  

1 4 . 5  
1 5 . 0  

1 5 . 5  1 0 0 . 0  0 .5  

1 6 . 0  1 0 0 . 0 0  0.0 

D .05  7 . 2  
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DIAMETER i m m l  

F i g u r e  3 . 3 .  I l l u s t r a t i o n  o f  t h e  K o l m -  
ogorov-Smirnov c o m p a r i s o n  o f  sample  
f r e q u e n c y  d i s t r i b u t i o n s  o f  anchovy 
egg  d i a m e t e r s  f rom s a m p l e s  c o l l e c t e d  
F e b r u a r y  and  August  o f  1972.  The 
d i f f e r e n c e  (D), t h a t  i s  s i g n i f i c a n t  
f o r  t h e  5% l e v e l  and  594 s a m p l e s ,  
i s  shown a s  a v e r t i c a l  l i n e  n e a r  t h e  
r i g h t  margin .  

'2 4 6 8 10 12 14 16 

LbRV4 LENGTH fmml 

F i g u r e  3.4.  I l l u s t r a t i o n  o f  t h e  
Kolmogorov-Smirnov c o m p a r i s o n  o f  
sample  f r e q u e n c y  d i s t r i b u t i o n s  
o f  t h e  l e n g t h s  o f  anchovy l a r v a e  
a s  measured  by t w o  p e o p l e .  The 
d i f f e r e n c e  (D) t h a t  i s  s i g n i f i c a n t  
f o r  t h e  5 %  l e v e l  a n d  356 s a m p l e s  
i s  shown a s  a v e r t i c a l  l i n e  n e a r  
t h e  r i g h t  margin .  

The same columns a r e  l i s t e d  f o r  t h e  August  s a m p l e s .  The f i n a l  column is a d i f -  
f e r e n c e  column.  For a 5% l e v e l  o f  s i g n i f i c a n c e ,  t h e  maximum d i f f e r e n c e  i s  compared 
t o :  

D=-- 136 

A- 

- -  - 136 = 5.6% 
J594 

where "D" i s  t h e  s i g n i f i c a n t  d i f f e r e n c e  l e v e l a n d  N i s  t h e  number o f  sample  measure-  
ments  (594 i n  t h i s  i n s t a n c e ) .  The f a c t  t h a t  t h e  t w o  c u r v e s  d i f f e r  by more t h a n  
5 . 6 %  i s  t a k e n  as  c o n c l u s i v e  t h a t  t h e  d i f f e r e n c e  is s i g n i f i c a n t  and t h a t  anchovy 
e g g s  w e r e  smaller i n  August  o f  1972 t h a n  i n  F e b r u a r y  o f  t h e  same y e a r .  The t w o  
c u m u l a t i v e  p e r c e n t  c u r v e s  a r e  p l o t t e d  i n  F i g u r e  3 . 3 .  

I n  example 2 ,  t h e  q u e s t i o n  i s  "do two p l a n k t o n  sor te rs  d e r i v e  t h e  same l e n g t h -  
f r e q u e n c y  c u r v e  from a sample  o f  356 anchovy l a r v a e ? "  I n  T a b l e  3 . 1 3 ,  o n l y  t h e  
c a t e g o r y  v a l u e s  and  t h e  c u m 6 l a t i v e  f r e q u e n c i e s  and  d i f f e r e n c e s  a r e  l i s t e d .  I n  t h i s  
i n s t a n c e ,  s i g n i f i c a n c e  a t  t h e  5 %  l e v e l  i s  i n d i c a t e d  by d i f f e r e n c e  i n  c u m u l a t i v e  p e r -  
c e n t a g e s  g r e a t e r  t h a n  7 . 2 %  ( D  = 136/-). S i n c e  no d i f f e r e n c e  e x c e e d i n g  t h a t  
v a l u e  o c c u r s ,  t h i s  may be i n t e r p r e t e d  a s  s u p p o r t i n g  t h e  i d e a  t h a t  t h e  same 356 
l a r v a e  w e r e  measured  e s s e n t i a l l y  t h e  same by t w o  i n d e p e n d e n t  p l a n k t o n  sorters.  F i g -  
u r e  3 . 4  i l l u s t r a t e s  t h e  t w o  c u m u l a t i v e  p e r c e n t a g e  c u r v e s  f o r  t h i s  example.  The v a l u e  
"136" i n  t h i s  example i s  f o r  a l a r g e  number o f  s a m p l e s  ( > l o o )  t o  t e s t  a d i f f e r e n c e  
a t  t h e  5 %  l e v e l .  
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3.1.3. Advice on Data Transformations and Comparisons 

It is the recommendation of the senior author that no transformation of data 
be done without the documented advice of a professional statistician. The widely 
used log transformation has no explicit or useful method for treating "0" observa- 
tions. The "0" observations are necessary for determininq the edge of the spawning 
area and are frequent within the spawnina area. It is easy to misuse analyses based 
on log transformations (Bagenal, 1955) and analysis of variance and kindred tests 
can sense a significant difference in geometric nean when the arithmetic means are 
identical and detect no difference in geometric means when the arithmetic means are 
different. In some cases, the logtransformation qenerates a set of values in which 
the variance is still a function of the mean, thus stabilization of variance is not 
A guarantee of transformation. 

This manual is aime.1 at standardized conduct and reporting of fish ego and 
larvalsurveys, not analysis. In brief, we recommend a generalized distribution which 
1) accommodates contagian or patchiness, 2 )  has explicit zero terms, 3) approximates 
a Poisson at low mean values, and 4 )  does not assume independence of mean and variance. 
The negative binomial is our provisional recommendation for data analysis for data of 
the type collected in the CalCOFI surveys. 
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3 . 2 .  V o l u m e t r i c  Sampl ing  

The ear l ies t  o b j e c t i v e  of  q u a n t i t a t i v e  p l a n k t o n  s a m p l i n g  w a s  t o  t a k e  samples  
f rom t h e  bot tom t o  t h e  s u r f a c e  u n d e r  a d e f i n e d  u n i t  o f  sea s u r f a c e  area.  The ear- 
l i e s t  n e t s  d i d  n o t  a c c e p t  a l l  t h e  water  e n c o u n t e r e d  i n  t h e  column, and f a c t o r s  f o r  
t h e  c o r r e c t i o n  o f  t h i s  b i a s  w e r e  c a l c u l a t e d  by Hensen (1895)  and B i r g e  ( 1 8 9 5 ) .  
R e i g h a r d  (1897)  s u g g e s t e d  t h e  u s e  o f  a f lowmeter  t o  r e c o r d  volume f i l t e r e d .  Koroid  
(1897)  p o i n t e d  o u t  t h a t  many smaller o r g a n i s m s  w e r e  e x t r u d e d  t h r o u g h  t h e  meshes.  
P l a n k t o n i c  o r g a n i s m s  w e r e  o b s e r v e d  t o  a v o i d  t h e  n e t  (Mackin tosh ,  1 9 3 4 ) .  The s u r v e y  
p r o c e d u r e s  recommended i n  t h i s  manual ( S e c t i o n  2 )  do n o t  e l i m i n a t e  t h e s e  b i a s e s ,  
b u t  w i t h  care i n  equipment  d e s i g n  and u s e ,  t h e s e  b i a s e s  and some of t h e  t e c h n i c a l  
s o u r c e s  o f  v a r i a b i l i t y  c a n  b e  e v a l u a t e d  or  minimized .  

3 . 2 . 1 .  volume and D i s t r i b u t i o n  of Water  F i l t e r e d  

The e s t i m a t i o n  o f  spawning b iomass  r e q u i r e s  q u a n t i t a t i v e  samples  o f  t h e  p l a n k -  
t o n i c  spawning p r o d u c t s  e x p r e s s e d  a s  numbers under  a u n i t  area o f  sea s u r f a c e .  T h i s  
e s t i m a t i o n  c a n  b e s t  b e  o b t a i n e d  from a t o w  d e s i g n e d  t o  f i l t e r  a t  a c o n s t a n t  r a t e  p e r  
u n i t  d e p t h  from below t h e  d e e p e s t  o c c u r r i n g  egg  or l a r v a  t o  t h e  s u r f a c e .  On t h e  
c o n t i n e n t a l  s h e l f ,  and i n  b a y s  and l a k e s  where q u a n t i t a t i v e  s a m p l i n g  began ,  t h e  
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F i g u r e  3.5.  An example o f  t h e  p a t h  o f  a Hensen n e t  when f i s h e d  
v e r t i c a l l y  w i t h  t h e  s h i p  a d r i f t .  (From A . C .  Simpson, 1 9 5 9 ) .  

v e r t i c a l  t o w  w a s  t h e  method of  c h o i c e .  T h i s  manual recommends a n  o b l i q u e  t o w  i n -  
s t e a d  b e c a u s e  t h e  v e r t i c a l  t o w  c a n n o t  b e  c o n d u c t e d  w i t h  p r e c i s i o n  on t h e  h i g h  seas. 

A.C. Simpson (1959)  drew a t t e n t i o n  t o  t h e  f a c t  t h a t  " v e r t i c a l "  h a u l s  f rom a 
d r i f t i n g  s h i p  ( F i g u r e  3.5)  f i l t e r e d  m o r e  w a t e r  t h a n  p l a n n e d ,  and he  a c c o r d i n g l y  
f u r n i s h e d  c o r r e c t i o n  f a c t o r s  f o r  d i f f e r e n t  ra tes  o f  d r i f t i n g .  U n f o r t u n a t e l y ,  a 
second b i a s  o c c u r s  i n  s t r a t i f i e d  wa te r s  which  c a n n o t  be e a s i l y  c o r r e c t e d .  I n  a v e r -  
t i c a l  t o w  t h e  a s s u m p t i o n  i s  t h a t  a n  e v e n l y  i n t e g r a t e d  t o w  h a s  been t a k e n  from t h e  
maximum d e p t h  t o  t h e  s u r f a c e .  I t  i s  q u i t e  c lear  t h a t  t h i s  a s s u m p t i o n  i s  s y s t e m a t i c -  
a l l y  v i o l a t e d  i n  v e r t i c a l  t o w s  f rom d r i f t i n g  s h i p s  or from s t a t i c  s h i p s  w i t h  under -  
l y i n g  c u r r e n t  s t r a t i f i c a t i o n .  The e f f e c t  i s  t h a t  t h e  r a t e  o f  a s c e n t  i s  r a p i d  i n  
t h e  d e e p  p o r t i o n  o f  t h e  t o w ,  and more and more water i s  f i l t e r e d  from e a c h  u n i t  
d e p t h  as t h e  s u r f a c e  i s  approached  ( S m i t h ,  Counts  and C l u t t e r ,  1968)  l e a d i n g  t o  a n  un- 
r e p r e s e n t a t i v e  sample o f  t h e  w a t e r  column b i a s e d  i n  f a v o r  o f  t h e  s u p e r f i c i a l  wa te r s .  
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F i g u r e  3 . 6 .  A sample o f  t h e  w i r e  a n g l e s ,  w i r e  
o u t  t o  r e a c h  200 m e t e r s  d e p t h ,  and t h e  volume 
of  w a t e r  f i l t e r e d  d u r i n g  e a c h  tow u s i n g  t h e  
I n d i a n  Ocean S t a n d a r d  n e t .  ( A f t e r  Motoda, 
Konno, Kawamura and Osawa, 1 9 6 3 ) .  

T h i s  e f f e c t  w i l l  n o t  b e  s e r i o u s  i n  
w e l l  mixed waters. 

S w e l l s  and t h e  r o l l i n g  o f  t h e  
s h i p  a l so  c a u s e  t h e  v e r t i c a l  t o w  n e t  
t o  pump p o r t i o n s  o f  i t s  sample  back  
i n t o  t h e  s e a .  The same m o t i o n s  o f  
t h e  s h i p  c a u s e  t h e  v e r t i c a l  sample  
t o  b e  a c c e l e r a t e d  so t h a t  p o r t i o n s  
o f  t h e  sample  l y i n g  on  t h e  mesh are 
l i k e l y  t o  be  e x t r u d e d  t h r o u g h  t h e  
a p e r t u r e s  . 

Some examples  o f  t h e  p o o r  q u a l -  
i t y  c o n t r o l  o f  v e r t i c a l  t o w s  are 
a v a i l a b l e  f rom r e c e n t  e x p e d i t i o n s .  
F o r  example ,  d u r i n g  t h e  I n d i a n  Ocean 
E x p e d i t i o n  (Motoda, Konno, Kawamura, 
and O s a w a ,  19631,  a 1 .13  m d i a m e t e r  
( l m 2  i n  cross s e c t i o n )  n e t  was towed 
" v e r t i c a l l y " .  F i g u r e  3.6 i l l u s t r a t e s  
t h e  v a r i a b i l i t y  i n  t h e  w i r e  a n q l e ,  
t h e  amount o f  wire r e q u i r e d  t o - r e a c h  

200 meters, and t h e  volume o f  wa te r  f i l t e r e d  f o r  t h e s e  t o w s .  T a b l e  3.14 l i s t s  some 
o f  t h e  v a r i a t i o n s  i n  t h e  w i r e  a n g l e  o f  v e r t i c a l  t o w s  made d u r i n g  t h e  C o o p e r a t i v e  
S t u d y  o f  t h e  Kuroshio  ( C S K ) .  Here, too, i n s t e a d  of  t h e  i n t e n d e d  v e r t i c a l  t o w ,  t h e  
a v e r a g e  t o w  had a 25O w i r e  a n g l e ,  t h e  s t a n d a r d  d e v i a t i o n ( +  2 s.d.) o f  t h e  a v e r a g e  
t a n g e n t  w a s  0 .31,  and t h e  a c t u a l  r a n g e  o f  a n g l e s  w a s  f rom 9' t o  65'. A l s o ,  t h e  PX- 
t e n d e d  f o r w a r d  d i s t u r b a n c e s  c a u s e d  by t h e  t o w  w i r e  augment t h e  u s u a l  a v o i d a n c e  
problem ( C l u t t e r  and Anraku,  1 9 6 8 ) .  

Two major f a u l t s  o f  t h e  Hensen n e t  are t h e  towing  b r i d l e  and towing  c a b l e  a h e a d  
o f  t h e  n e t  (see S e c t i o n  3.3.2.  be low)  and t h e  i n a b i l i t y  t o  l o c a t e  a s t a b l e  f l o w  
area i n  which t o  p l a c e  a f l o w m e t e r  ( F i g u r e  3 . 7 ) .  The r e d u c t i o n  cone  c a u s e s  accel- 
e r a t i o n  o f  t h e  w a t e r  n e a r  t h e  F e r i p h e r y  of  t h e  mouth b e c a u s e  of  t h e  r e d u c e d  p r e s s u r e  

T a b l e  3.14. Recorded a n g l e s  o f  t o w  f o r  "ver t ica l"  t o w s  i n  t h e  
C o o p e r a t i v e  S t u d y  of t h e  K u r o s h i o  (CSK). 
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Figure  3.7. A comparison of t h e  a c c e l e r a -  
t i o n s  of water i n  t h e  mouth and s e v e r a l  
t r a n s e c t s  ahead o f  t h e  Hensen n e t .  The 
numbers r e p r e s e n t  t h e  d i f f e r e n c e  between 
t h e  channel  f low w i t h  a n d ' w i t h o u t  t h e  n e t  
p r e s e n t  i n  cm/sec. The i n s e t  i l l u s -  
t ra tes  t h e  e n t i r e  towing arrangement i n  
t h e  test channel .  

behind  t h e  cone. Th i s  e f f e c t  d i -  
min ishes  toward the c e n t e r  of t h e  
n e t  behind t h e  b r i d l e  apex. I f  t h e  
towing speed could  be made s u i t a b l y  
c o n s t a n t ,  t h e  f low could  be  c a l c u l a t e d ,  
b u t  t h e  degree  of a c c e l e r a t i o n  i s  
q u i t e  s e n s i t i v e  and dependent on tow 
speed ,  t h e r e f o r e  t h e  v a r i a t i o n s  expe r i -  
enced i n  h igh-seas  towing would pre-  
c l u d e  t h e  c o l l e c t i o n  of p r e c i s e  and 
a c c u r a t e  f i l t r a t i o n  performance d a t a .  

3.2.1.1. The Obl ique  Tow 

The p rogres s  of t h e  o b l i q u e  tow i s  
a c t i v e l y  r e g u l a t e d  by t h e  s h i p  when it 
i s  underway. I n  areas where c u r r e n t s  
a r e  r e l a t i v e l y  s low,  such as t h e  
C a l i f o r n i a  Cur ren t  r eg ion ,  i t  has  been 
found p o s s i b l e  to f i s h  p l ank ton  n e t s  
from t h e  s t a n d a r d  210m depth  wi th  rea- 
sonab le  c o n s i s t e n c y  [e.g. ,  206m 5 16m 
( 2  s . d . ) l .  I n  a r e a s  wi th  s t r o n g  under- 
c u r r e n t s ,  such as t h e  E a s t e r n  t r o p i c a l  
P a c i f i c  (Ahlstrom, 1971, 1 9 7 2 )  less 
cons i s t ency  i s  achieved  ( e .g . ,  203m t 
37m) a l though  t h e  v a r i a t i o n  i s  s t i l l  
w i t h i n  a c c e p t a b l e  l i m i t s .  One i m -  
p o r t a n t  f a c t o r  t o  c o n s i d e r  when com- 
Dar ina  o b l i a u e  tows wi th  v e r t i c a l  t o w s  

i s  t h a t  t h e  g r e a t e s t  e r r o r s  i n  t h e  o b l i q u e  tows occ& a t  i e p t h  and t h e  e r r o r  dimin- 
i s h e s  toward t h e  s u r f a c e  ( F f g u r e  3 . 8 ) .  The v e r t i c a l  t o w  pa th  e r r o r  i s  cumula t ive  
toward t h e  s u r f a c e .  V a r i a t i o n  i n  t h e  volume f i l t e r e d  i n  a series of o b l i q u e  tows 
i s  u s u a l l y  much less (e -g . ,  volume f i l t e r e d  = 649m3 + 86m3 f o r  165 tows of t h e  Cal- 
COFI n e t )  t h a n  i t  i s  i n  v e r t i c a l  t o w s  ( e . g . ,  t h e  Ind ran  Ocean Standard  n e t ,  F ig .  
3 .6 ) .  

The tow-by-tow v a r i a t i o n  i n  t h e s e  p r o p e r t i e s  can be measured adequa te ly  from 
t h e  s u r f a c e  by moni tor ing  t h e  w i r e  ang le  c l o s e l y .  F ig .  3.9 demonst ra tes  t h i s  by 
showing t h e  s i m i l a r i t y  of tow p a t h s  f o r  an  i d e a l  tow as de termined  from w i r e  a n g l e  
r ead ings  and a bathykymograph. About t h e  b e s t  t h a t  can a c t u a l l y  be accomplished i n  
ma in ta in ing  a s t r a i g h t  o b l i q u e  tow pa th  on a n e t  tow under i d e a l  c o n d i t i o n s  i s  i l l u s -  
t r a t e d  i n  F igu re  3.10. P a r t  "a" of t h a t  f i g u r e  shows t h e  i d e a l  tow p a t h ,  t h e  tow 
pa th  e s t ima ted  by a bathykymograph ( p a r t  " b " ) ,  and t h e  t i m e  cou r se  of t h e  ra te  of 
a s c e n t .  I n  t h e  i d e a l  s t a n d a r d  tow, 20 me te r s  o f , w i r e  a r e  r e t r i e v e d  pe r  minute wi th  
a w i r e  ang le  o f  45'. The i d e a l  r a t e  of a s c e n t  i s  1 4  me te r s  pe r  minute.  I n  t h e  t o w  
i n  q u e s t i o n  (F ig .  3.10), t h e  r a t e  of a s c e n t  v a r i e d  + 30% from t h e  i d e a l  r a t e .  An 
example of t h e  maximum a c c e p t a b l e  v a r i a t i o n  from t h e  i d e a l  tow p a t h ,  f o r  t h e  purposes  
of s t a n d a r d i z a t i o n ,  i s  i l l u s t r a t e d  i n  F igu re  3-11. I n  t h i s  example t h e  r a t e  of 
a s c e n t  v a r i e d  + 84% from t h e  i d e a l .  Where t h e  r a t e  of a s c e n t  i s  h ighe r  t h a n  aver- 
age ,  less water i s  f i l t e r e d  pe r  u n i t  depth .  The v a r i a t i o n  i n  tow pa th  can be  eva l -  
ua t ed  by conve r t ing  t h e  w i r e  ang le  r e a d i n g s ,  which a r e  made a t  30 second i n t e r v a l s  
du r ing  t h e  tow, t o  t a n g e n t s  and c a l c u l a t i n g  t h e  average  t angen t  and s t a n d a r d  devia-  
t i o n  f o r  t h e  t o w  (Table  3 . 1 5 ) .  Standa rds  can  be e s t a b l i s h e d  ahead of t i m e  f o r  ac- 
c e p t i n g  o r  r e p e a t i n g  tow_s. I f  t h e  s t anda rd  d e v i a t i o n  of t h e  average  t a n g e n t  i s  
t o o  g r e a t  (e .g . ,  2 s .d.  > 0 . 1 )  t h e  tow should  probably  be  r epea ted .  One way t o  
a s s u r e  a good tow i s  t o  ma in ta in  t h e  w i r e  between 4 2 '  and 48O (45" + 3 " ) .  The 
cons tancy  t h a t  i s  p o s s i b l e  i s  exempl i f i ed  by a s e r i e s  of 2 0 4  h igh-seas  tows made i n  
a tempera te  a r e a .  The average  t a n g e n t  w a s  1.077(+ 2 s .d.  = 0.084) wi th  95% f idu -  
c i a l  l i m i t s  o f  0 .91  - 1 . 2 4 .  

The importance of t h e  v a r i a t i o n  i n  t h e  r a t e  of a s c e n t  is underscored  by t h e  
s t r a t i f i e d  n a t u r e  of t h e  ocean ic  environment.  One of t h e  e a r l i e r  e x p l a n a t i o n s  f o r  
"pa tch iness"  was t h e  a l l e g a t i o n  of uneven a s c e n t  of t h e  n e t  th rough s t r a t i f i e d  
l a y e r s  o f  s a r d i n e  eggs ( S e t t e  and Ahlstxom, 1948) .  This  f e a t u r e  w a s  a l s o  used t o  
e x p l a i n  t h e  f a c t  t h a t  t h e  u s e  of volume f i l t r a t i o n ' d a t a  was no t  s i g n i f i c a n t  i n  t h e  
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__ 
TIME (minutes) a n a l y s i s  o f  v a r i a n c e  o f  egg c o u n t s .  

The uneven p a s s a g e  o f  t h e  n e t  t h r o u g h  
t h e  w a t e r  column s h o u l d  b e  c a r e f u l l y  
avoided .  F u r t h e r  e f f e c t s  o f  t h i s  un- 
even  r a t e  o f  a s c e n t  i n c l u d e  t h e  i n -  
c r e a s e d  e x t r u s i o n  o f  f l e x i b l e  o r g a n i s m s  
d u r i n g  t h e  f a s t e r  p a r t  o f  t h i s  re t r ie-  7 ~ 

v a l ,  and t h e  p o s s i b i l i t y  of t h e  f low- z 100- 
meter s t o p p i n g  d u r i n g  t h e  s l o w e r  p a r t  1 - 
o f  t h e  f l u c t u a t i o n  i n  r a t e  of  a s c e n t .  I ~ 

a -  
3.2.1.2. Clogging  n -  

2oo- 

I- 

w 

A t  t i m e s ,  m a t e r i a l  i n  t h e  s e a w a t e r  
may c l o g  t h e  mesh o f  t h e  n e t  t h u s  lower-  
i n g  t h e  f i l t e r i n g  c a p a c i t y  o f  t h e  n e t -  
t i n g .  A s  l o n g  as  t h e  f lowmeter  con-  
t i n u e s  t o  f u n c t i o n ,  t h i s  d e f i c i t  i n  
water f i l t e r e d  w i l l  be  m o n i t o r e d .  A s  F i g u r e  3.8.  The i d e a l  t o w  p a t h  i n  t h e  
c a n  be  s e e n  from F i g .  3.13 however ,  t h e  
sample t a k e n  g e t s  p r o g r e s s i v e l y  less 
r e p r e s e n t a t i v e  w i t h  t i m e .  The t e n d e n c y  
i s  t o  undersample  t h e  s u r f a c e  l a y e r  i f  
c l o g g i n g  p r o c e e d s  t h r o u g h o u t  t h e  tow. 
I n  F i g u r e  3.12 t h e  t r a i l  o f  dye s t r e a k s  t h r o u o h  t h e  n e t t i n g  i n d i c a t e s  t h a t  c l o g g i n g  
o c c u r s  e v e n l y  o v e r  t h e  e n t i r e  n e t  s u r f a c e ,  n o t  j u s t  n e a r  t h e  cod  end.  The r a p i d i t y  
w i t h  which c l o g q i n g  c a n  occur i s  i l l u s t r a t e d  i n  F i g .  3.13. I f  c l o g g i n g  is r o u t i n e l y  
e n c o u n t e r e d ,  t h e  o n l y  s o l u t i o n  is t o  i n c r e a s e  t h e  f i l t e r i n g  a r e a  ( S m i t h ,  C o u n t s  and 
C l u t t e r ,  1968;  T r a n t e r  and Smi th ,  1968)  by adding  e x t r a  p a n e l s  o f  mesh i n  t h e  
c y l i n d r i c a l  p a r t  o f  t h e  n e t .  

3 . 2 . 2 .  Avoidance 

CalCOFI o b l i q u e  t o w  t o  2 1 0  meters ( s o l i d  
l i n e )  and  t h e  a v e r a g e  d e p t h  a t  e a c h  1 0  
meters r e c o v e r e d  + 2 s t a n d a r d  d e v i a t i o n s  
in a test series of l4 tows- 

The u s e  o f  i c h t h y o p l a n k t o n  s u r v e y s  t o  moni tor  spawning b iomass  r e q u i r e s  con- 
s t a n c y  o f  l a r v a l  s i z e  d i s t r i b u t i o n  i n  t h e  samples  o b t a i n e d .  The s i z e  d i s t r i b u t i o n  
o f  l a r v a e  c a p t u r e d  i n  p l a n k t o n  n e t s  i s  a f f e c t e d  by t w o  f a c t o r s .  I n  p a r t i c u l a r ,  as  
l a r v a e  grow t h e y  a p p e a r  t o  undergo  heavy m o r t a l i t y  w h i l e  a t  t h e  same t i m e  t h e y  
improve t h e i r  a b i l i t y  t o  e v a d e  p l a n k t o n  n e t s .  U n d e r s t a n d i n g  t h e  r e l a t i v e  impor t -  
a n c e  o f  m o r t a l i t y  and a v o i d a n c e  i n  t h e  d e c l i n i n g  c a t c h  o f  f i s h  l a r v a e  w i t h  i n c r e a s e  
i n  s i z e  s h o u l d  a i d  i n  t h e  i n t e r p r e t a t i o n  and u n d e r s t a n d i n g  o f  t h e  role  of  l a r v a e  
m o r t a l i t y  and  r e c r u i t m e n t  o f  f u t u r e  s t o c k s .  

Research  on a v o i d a n c e  w a s  e x t e n s i v e l y  rev iewed bv C l u t t e r  and Anraku ( 1 9 6 8 ) .  

TIME (minules) 

F i g u r e  3.9. The i d e a l  t o w  p a t h  o f  t h e  
CalCOFI n e t  ( s o l i d  l i n e ) ,  t h e  d e p t h  mea- 
s u r e d  by bathykymograph ( s o l i d  d o t s )  
and t h e  d e p t h  e s t i m a t e d  by  t h e  a n g l e  o f  
s t r a y  and t h e  w i r e  o u t  (open c i r c l e s ) .  

~~ 

F u r t h e r  Lark on a n  " u l t i m a t e "  ' s a m p i e r  
by  Murphy and C l u t t e r  (1972)  p o i n t s  o u t  
t h e  e x t r e m e  n a t u r e  o f  l a r v a l  a v o i d a n c e  
( F i g u r e  3 .14)  and f u r t h e r  e x p l a i n s  why 
t h e  s e a r c h  f o r  a n  " i d e a l "  sampler  h a s  
n o t  been v e r y  p r o d u c t i v e .  I t  a p p e a r s  
l i k e l y  t h a t  t h e  d a y - n i g h t  d i f f e r e n c e  i n  
a v o i d a n c e  is o n l y  a s m a l l  p a r t  o f  t h e  
t o t a l  a v o i d a n c e  problem,  t h e  bulk o f  
t h e  a v o i d a n c e  b e i n g  per formed a s  w e l l  
i n  t h e  d a r k  a s  i n  t h e  l i g h t .  B a r k l e y  
(1964: 1972)  d e s c r i b e d  t h e  r e l a t i v e  
c a p a c i t i e s  of l a r v a e  t o  a v o i d  when 
g i v e n  advance  warning  of t h e  a p p r o a c h  
of  t h e  s a m p l e r .  H e  i n d i c a t e d  t h a t  
t h e  r e s p o n s e  s t a r t s  t h r e e  t o  f o u r  mouth 
d i a m e t e r s  ahead  of  t h e  n e t .  L a r g e r  and 
f a s t e r  tow n e t s  may a l t e r  t h e  a b i l i t y  
o f  l a r v a e  t o  a v o i d  v e r y  l i t t l e  b e c a u s e  
t h e y  i n t e n s i f y  t h e  d i s t u r b a n c e  and 
p r o j e c t  it f u r t h e r  a h e a d o f  t h e  n e t .  



G7 

F i g u r e  3.10. An i d e a l  t o w .  a )  I n  t h e  
u p p e r  f i g u r e  t h e  i d e a l  t o w  p a t h  is ill- 
u s t r a t e d  ( s o l i d  l i n e )  and t h e  a t t a i n e d  
d e p t h s ,  d e t e r m i n e d  by a bathykymograph,  
a re  s o l i d  d o t s .  The f i r s t  d i f f e r e n c e  
i n  t h e  meter's d e p t h  e a c h  m i n u t e  i s  il- 
l u s t r a t e d  i n  t h e  lower p o r t i o n  of t h e  
drawing .  T h i s  i s  t h e  c r i t i c a l  measure 
o f  t h e  volume o f  water f i l t e r e d  f o r  e a c h  
u n i t  d e p t h .  
t h e  same t o w .  

b )  A bathykymograph trace of 

*TIME (minutes) TIME (minutes) 

r 

I! I I I I 
I 1 I 

I I I I 

F i g u r e  3. 1 

tr 

1. An e x t r e m e l y  v a r i a b l e  t o w .  
I n  t h e  upper  f i g u r e  t h e  i d e a l  t o w  p a t h  i s  il- 
l u s t r a t e d  ( s o l i d  l i n e )  and t h e  a t t a i n e d  d e p t h s ,  
d e t e r m i n e d  by a bathykymograpn,  a r e  s o l i d  
d o t s .  The f i r s t  d i f f e r e n c e  i n  t h e  m e t e r ' s  
d e p t h  e a c h  m i n u t e  i s  i l l u s t r a t e d  i n  t h e  lower 
p o r t i o n  of t h e  drawing .  T h i s  is t h e  c r i t i c a l  
measure o f  t h e  volume of w a t e r  f i l t e r e d  f o r  
e a c h  u n i t  d e p t h .  b )  A bathykymograph t r ace  
of t h e  same t o w .  
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T a b l e  3.15. An e s t i m a t i o n  o f  t h e  v a r i a t i o n  i n  towing  p a t h  
d e r i v e d  from t h e  average t a n g e n t  and s t a n d a r d  
d e v i a t i o n  o f  t h e  t a n g e n t s .  

e t a n  8 f 

50 O 1.1918 1 

49 1.1504 2 

48 1.1106 8 

47 1.0724 8 

46 1.0355 .7 

45 1 . 0 0 0 0  4 

- 
T 1.0735 (=47') 

S, 0.0486 

95% F i d u c i a l  L i m i t s  .9782 - 1.1688 (= 44"-49") 

Some m e c h a n i c a l  c u e t  f o r  a v o i d a n c e  are  a v a i l a b l e  b o t h  day and n i g h t .  Smi th  and  
C l u t t e r  ( I i 6 5 ) ,  Yahnken and Jossi  ( 1 9 6 7 ) ,  and T r a n t e r  and Smith ( 1 9 6 8 )  d e s c r i b e d  
t h e  a c c e l e r a t i o n s  of w a t e r  i n  f r o n t  o f  t h e  p l a n k t o n  n e t  c a u s e d  by t h e  l e g s  o f  t h e  
towing  b - i d l e ,  t h e  t o w i n g  b r i d l e  a p e x ,  and t h e  t o w i n g  c a b l e .  A s i m u l a t i o n  o f  a 
t h o r o u g h l y  c l o g g e d  n e t  ( F i g .  3 . 1 5 )  i l l u s t r a t e s  t h e  f a c t  t h a t  t h e  advanced warning  
due t o  a "bow-wave'' e f f e c t  i s  p r o b a b l y  l i m i t e d  t o  t h e  r e g i o n  o f  a p p r o x i m a t e l y  o n e  
mouth d i a m e t e r  a h e a d  o f  t h e  n e t .  The b r i d l e s  w i t h o u t  a n e t  p r o p a g a t e  m e a s u r a b l e  
d i s t u r b a n c e s  ( F i g .  3 .16)  a l o n g  t h e  towing  l i n e  a s  f a r  a s  i t  p r o c e e d s  ahead  o f  
t h e  n e t ,  and  p a r t i c u l a r l y  s t r o n g  d i s t u r b a n c e s  o c c u r  a t  t h e  b r i d l e  apex .  T h i s  i s  a n  
i m p o r t a n t  c o n s i d e r a t i o n  i n  v e r t i c a l l y  towed n e t s .  The a b s e n c e  o f  t h e s e  d i s t u r b a n c e s  
i s  one  of t h e  m o s t  i m p o r t a n t  f e a t u r e s  o f  t h e  recommended Bongo n e t s .  

The main r e a s o n  f p r  u n d e r s t a n d i n g  d a y - n i g h t  d i f f e r e n c e s  i s  t o  b e  a b l e  to correct 
sample  d a t a  f o r  s i z e  and t ime-of -day  i n  o r d e r  t o  make a l l  t h e  d a t a  o b t a i n e d  compar- 

a b l e  f o r  u s e  i n  e s t i m a t i n q  sDawnina 

F i g u r e  3.12. A c o m p o s i t e .  d rawing  made from 
p h o t o g r a p h s  of dye  p a s s i n g  t h r o u g h  a n  e x p e r i -  
m e n t a l  n e t  i n  a towing  chamber. 
t a b s  p e r p e n d i c u l a r  t o  t h e  f i l t e r i n g  s u r f a c e  
are a s e p a r a t e  i n d i c a t o r  of f l o w .  

The y a r n  

biomass.  Lenarz (1973)  founh t h a t -  
t h e  d e c r e a s e d  c a t c h  p e r  u n i t  l a r v a l  
l e n g t h  f o r  a set  o f  CalCOFI t o w s  i n -  
Greased  i n  t h e  o r d e r  s a r d i n e ,  ancho-  
v y ,  hake and j a c k  m a c k e r e l .  To  t r a n s -  
form t h e  d a t a  t o  a comparable  b a s i s  
r e g a r d l e s s  o f  day  o r  n i g h t ,  o r  l a r v a l  
s i z e ,  he  f i t t e d  t h e  e q u a t i o n :  

I n  (Nsd/NSOd) = I n  A - B ( s  - so) + 

C d ( S  - S o )  f I n  (Esd) 

" " i s  t h e  number o f  l a r v a e  o f  
sY82 " s "  c a u g h t  d u r i n g  t i m e  p e r i o d  
" d " ,  and " s "  t a k e s  v a l u e s  so s , 
s2.. . s  where " s  " i s  t h e  modal s i z e  
g r o u p  Snd " s  " 18 t h e  l a r g e s t  s i z e  
l a r v a e  w i t h  g i g n i f  i c a n t  c a t c h ;  "d" i s  
t h e  t i m e  o f  d a y ,  i . e . ,  day  (-l), or 
n i g h t  ( O ) * ,  A i s  a c o n s t a n t ,  B i s  

* T h i s  v a r i a b l e  was i n c o r r e c t l y  
i d e n t i f i e d  a s  day  ( O ) ,  n i g h t  (1) 
by Lenarz  ( 1 9 7 3 ) .  
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F i g u r e  3.13. The c l o g g i n g  o f  a 
WP-2 (working  p a r t y  2 )  0.202 mm mesh 
c o n i c a l  n e t  (UNESCO, 1 9 6 8 )  u n d e r  t o w  
i n  S o u t h e r n  C a l i f o r n i a  n e a r s h o r e  
water. 

----- t o w i n g  s p e e d  i n d i c a t e d  by a 
t e l e m e t e r i n g  f l o w m e t e r  o u t -  
s i d e  t h e  n e t .  

t \ \  

\ 
BRIDLED \ 

DAY CATCH \I\\ \ \SIMULATED NIGHT CATCH 

\ 

1x102 4 6 8 IO 12 14 16 18 20 22 
LENGTH (mm) 

ra te  o f  f l o w  t h r o u g h  t h e  F i g u r e  3.14. An example of  t h e  . 
mouth of t h e  n e t  i n d i c a t e d  d e g r e e  of a v o i d a n c e  of larvae ( i n  

i n s i d e  t h e  mouth of t h e  n e t .  u r p u r e u s )  by  d a y  f rom a b r i d l e d  
. b-{ a t e l e m e t e r i n g  f l o w m e t e r  t h i s  case l a r v a l  nehu ,  S t o l e p h o r u s  

:ing n e t ' a s  compared t o  a p l a n k t b n  . . r a t i o  o f  t h e  i n s i d e  and o u t s i d e  p u r s e  s e i n e .  (From Murphy and - 
r e a d i n g s  t i m e s  1 0 0  ( %  e f f i c i e n -  C l u t t e r ,  1 9 7 2 )  
cy) 

t h e  i n s t a n t a n e o u s  r a t e  o f  d e c l i n e  i n  c a t c h  w i t h  s i z e ,  "C" i s  t h e  i n s t a n t a n e o u s  r a t e  
o f  i n c r e a s e  o f  t h e  n i g h t  t o  day r a t i o  w i t h  s i z e ,  and "ESd" i s  t h e  e r r o r  t e r m  assumed 
t o  be i n d e p e n d e n t  o f  " s "  and "d" and t o  have a l o g  normal  d i s t r i b u t i o n .  

The s o l u t i o n s  t o  t h i s  e q u a t i o n  w e r e :  

C - R S p e c i e s  - 

S a r d i n e  0.22 0.20 
Anchovy 0.42 0 . 1 6  
Hake 0.48 0 . 2 1  
J a c k  Mackere l  1 .18  -0 .11  

I f  t h e  n e g a t i v e  valcle o f  "C ' "  f o r  j a c k  m a c k e r e l  w e r e  s i g n i f i c a n t  i t  would mean 
t h a t  t h e r e  i s  a n  i n c r e a s e d  t e n d e n c y  t o  b e  cauqht .  a t  a h i g h e r  r a t e  d u r i n g  d a y l i g h t  
t h a n  d u r i n g  n i g h t .  The s m a l l n e s s  o f  t h e  c o e f f i c i e n t  p r o b a b l y  d o e s  n o t  w a r r a n t  s u c h  
a c o n c l u s i o n  and a n  a l t e r n a t e  e x p l a n a t i o n  i s  t h a t  j a c k  mackere l  of  a l l  s i z e s  a v o i d  
t h e  n e t  as  w e l l  a t  n i g h t  a s  d u r i n g  t h e  d a y .  

3 .2 .3 .  Mesh R e t e n t i o n  

The r e t e n t i o n  o f  small l a r v d e  i s  a s  i m p o r t a n t  t o  t h c  e f f e c t i v e  c a l c u l a t i o n  o f  
spawning b iomass  a s  t h e  c a p t u r e  o f  l a r g e r  l a r v a e  and j u v e n i l e s  i s  t o  p r e d i c t i o n  o f  
r e c r u i t m e n t .  P r o b a b l y  more t h a n  h a l f  t h e  anchovy l a r v a e  i n  t h e  o c e a n ,  f o r  example ,  
are  less t h a n  4.25 mm l o n q  and e x t r e m e l y  v u l n e r a b l e  t o  c h a n g e s  i n  f i l t r a t i o n  
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F i g u r e  3.15.  A one meter d i a -  
meter s o l i d  c o n e  s u s p e n d e d  i n  a 
towing  c h a n n e l .  The t r a n s e c t s  o f  
f i g u r e s  r e p r e s e n t  t h e  d i f f e r e n c e  
i n  c h a n n e l  v e l o c i t y  a t  t h o s e  
l o c a t i o n s  w i t h  and w i t h o u t  t h e  
n e t  and a re  e x p r e s s e d  i n  cm/sec. 
(From T r a n t e r  and S m i t h ,  1 9 6 8 ) .  

0 

0 

0 

0 o... 0 

0 0 -._ 0 

0 0  - a  

p r e s s u r e  and escapement  and  e x t r u s i o n  
t h r o u g h  t h e  meshes.  Lenarz ( 1 9 7 2 )  es t i -  
mated t h e  r e t e n t i o n  r a t i o  o f  anchovy and 
s a r d i n e  i n  n e t s  towed a t  c o n s t a n t  s p e e d  
and  foiind t h e  r e l a t i o n s h i p s :  

s = a + b L  

Where 5 i s  t h e  mesh r e t e n t i o n  r a t i o  o f  
l a r v a e  of s i z e  "L" ( less t h a n  5 . 7 5  mm S L ) ,  
L i s  t h e  l e n g t h  o f  l a r v a e , i i a "  i s  t h e  uhual  
i n t e r c c p t  o f  a l i n e a r  r e g r e s s i o n ,  and "11" 
i s  t h e  s l o p e .  

F o r  t h e  s i l k  CalCOFI n e t ,  t h e  re la-  
t i o n s h i p s  were: 

a b 
S ' i rd ine  - . 2 3 8 2  0 . 2 1 0 7  
Anchovy -. 1 9 4 2  0 . 1 9 4 5  

and t h e  r e t e n t i o n  r a t i o  by l e n g t h  w a s :  

Length  (mm S L )  Anchovy S a r d i n e  

2 . 5 0  
3 . 7 5  
4 . 7 5  
5 . 7 5  

0 . 2 9 2  0 . 2 8 9  
0 . 5 3 5  0 . 5 5 2  
0 . 7 3 0  0 . 7 6 3  
0 . 9 2 4  0 . 9 7 3  

The s t a t i c  and  dynamic r e l a t i o n s h i p s  
of mesh r e t e n t i o n  c a n  be  d i s c u s s e d .  I n  
F i g .  3 . 1 7  t h e  w i d t h  and d i a g o n a l  measure- 
ments  of  f o u r  d i f f e r e n t  mesh s i z e s  a r e  
compared f o r  t h e i r  r e t e n t i o n  c a p a b i l i t i e s  
of anchovy and hake l a r v a e .  I t  c a n  be 
s e e n  t h a t  l a r v a e  a r e  c a p t u r e d  b e c a u s e  of 
t h e i r  l e n g t h  b u t  t h e y  a r e  r e t a i n e d  b e c a u s e  
o f  t h e i r  body d e p t h  which becomes a c r i t i -  
ca l  d i m e n s i o n .  Another  f a c t o r  t o  c o n s i d e r  
i s  t h e  v a r i a b i l i t y  i n  mesh s i z e  w i t h i n  
t h e  n e t t i n g .  F o r  example t h i s  v a r i a b i l i t y  
i s  g r e a t e r  i n  s i l k  mesh n e t s  t h a n  i n  t h o s e  
made o f  n y l o n  ( F i g .  3 . 1 8 ) .  Mesh v a r i -  
a b i l i t y  i s  rev iewed by Heron ( 1 9 6 8 ) .  A 
good r e v i e w  of f a c t o r s  i n v o l v e d  w i t h  mesh 
s e l e c t i o n  i s  g i v e n  by Vannucci  ( 1 9 6 8 ) .  

' I n  n e t s  w i t h  h i g h  f i l t e r i n g  r a t e s ,  
t h e  c o m p l e x i t i e s  of e x t r u s i o n  and l a r v a l  
damage are  e n c o u n t e r e d .  These r a t e s  a r e  
f u n c t i o n s  o f  t h e  s q u a r e  o f  t h e  v e l o c i t y  
and t h e  r a t i o  o f  mesh s u r f a c e  a r e a  t o  

- - _ _ _ _  _ - - mouth d i a m e t e r  ( T r a n t e r  and Smi th ,  1 9 6 8 ) .  
As y e t ,  no g e n e r a l i z a t i o n s  c a n  b e  made o n  
t h e  r e l a t i o n s h i p  between l a r v a l  s i z e ,  mesh 
s i z e ,  towing  s p e e d  and v a r i a n c e  i n  towing  
s p e e d .  U n t i l  t h i s  a n a l y s i s  i s  c o m p l e t e d ,  
l o w  c o n s t a n t  towing  s p e e d s  (1 .5 -2 .0  k n o t s )  
s h o u l d  b e  m a i n t a i n e d .  T h i s  i s  t h e  p r i -  

t ion Of the "slOw" 'Ongo nets- 

I 

1 13: 
I _ _ _ _ _ _ _ _ _  J 

Figure 3.1.6. 
e r a t ions  a h e a d  o f  t h e  towing  a p p a r a t u s  of 
a n e t  when no n e t  i s  p r e s e n t .  
(From T r a n , t e r  and Smi th ,  1 9 7 2 ) .  

An illustration of the accel-mary c o n s i d e r a t i o n  b e h i n d  t h e  recommenda- 

An example o f  t h e  s e v e r i t y  o f  e x t r u -  

s e e n  i n  t h e s e  p r e l i m i n a r y  d a t a  on p e r c e n t  
- s i o n  w i t h  i n c r e a s e d  towing  s p e e d  c a n  be  
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MESH WIDTH (mm) 
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I I 

I I I I 

I 475 875 

1 1 1 1  
1 1 1 1 1  

I pJygYI I 
I 
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I 
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1 ;  I 
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1175 1375 1575 
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I I I 

I 
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I 

I 
I 

I 
I I 

I 210 I 315 I I 515 I 715 I g15 , 
I I  HAKE 

(mmSL) 
I 275 475 I 675 875 1075 

I I  
I I 
I I I 
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I I I I 
I I  1 I 1  I 1 I 1  1 1  I I 1  I 1  I I I 1 1 ,  I I , I ,  

I 

1 1 1  
0 0 5  10 15 20 25 

@ODY DEPTH AT PECTORALS (mm.) 

Figure  3.17. An example of r e t e n t i o n  c h a r a c t e r i s t i c s  of v a r i o u s  mesh s i z e s ,  
The mesh wid th  ( l e f t  bar on upper  l i n e )  and d i a g o n a l  ( r i g h t  b a r  on upper  
l i n e )  are compared wi th  s t a n d a r d  l e n g t h  and co r re spond ing  body depth  of an- 
chovy and hake. The dashed l i n e  co r re sponds  t o  t h e  l e v e l  of  a b s o l u t e  r e t e n -  
t i o n .  (Modified from Smith,  1972*) 

*Smith, P.E. 1972. Ex t rus ion .  MARMAP, Techn ica l  Memorandum 116, June 7 ,  
1972. Unpublished manuscr ip t .  
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F i g u r e  3 . 1 8 .  Above, 0.505 mm m o n o f i l a m e n t  mesh ( . S O 5  N i t e x * ) .  B e l o w ,  0 .55  
mm mesh silk mesh [30xxx ( e x t r a  heavy) GG ( g r i t . g a u z e ) ] .  
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of anchovy larvae retained from Smith ( 1 9 7 2 ) "  [based on ideas set forth by Saville 
(1959) and Heron ( 1 9 6 8 ) l :  

Anchovy Standard 
Length ( m m )  Towing Speed (Knots) -- 

1.5 * *  2.00 3 . 1 5  4 . 1 4  --- 
2 . 5 0  
3 . 7 5  
4 . 7 5  

5 . 7 5  
6 . 7 5  

7 . 7 5  

3.2.4. Uneven Tow Trajectories 

. 2 9 2  . 4 7 8  . 1 5 4  . 0 6 3  

. s35  . 5 6 5  . 4 7 4  . 1 3 7  

. 7 3 0  . 7 7 7  . 8 0 7  . 2 8 5  

. 9 2 4  1 . a 0 2  . 3 2 9  
1 1 . 7 5 2  . 4 2 3  

1 1 1 , 8 2 6  

Current towing methods do not permit an analysis of the assumption that equal 
volumes of water are filtered at each depth. While these differences can be measured, 
and the effect on a given vertical distribution estimated, each tow in a survey must 
either be accepted or rejected, for no "standardization" or "adjustment" is tractable. 
Until directed research is completed on this problem, one can only say that a poten- 
tialproblemexists and that its maqnitude is less than the variance associated with 
the normal level of patchiness encountered. 

I 

, 

* Smith, P.E. 1972, Extrusion, MARMAP Technical Memorandum #3, May 22, 1972. 

Smith, P.E. 19.72, Extrusion, MARMAP Technica,l Memorandum #6, June 7, 1972. 
Unpublished Manuscript. 

Unpublished Manuscript. 

**CalCOFI silk/0.55 mm mesh (Lenarz, 1972); all others Bongo Nitex/0.505 nun mesh. 



7 4  

. 
3.3. Sampling to Determine Spawning Area and Time 

The geographic, vertical, and seasonal boundaries of spawning must be well 
defined for the analysis of spawning biomass. Since the primary costs of ichthyo- 
plankton surveys are related to distance traveled by ship, understanding these 
boundaries may permit substantial reduction of sampling effort between the explora- 
tory phase and the monitoring phase of the survey program. A l s o ,  the spawning pro- 
ducts diffuse with time and are transported off the spawning grounds, and migrations 
of adults may occur during spawning. Both of these factors may affect the seasonal 
placement o'f boundaries. 

3 . 3 . 1 .  Geographic Distribution 

The pelagic habitat appears to permit spawning over vast areas. For example, 
the northern anchovy of the California Current regularly spawns over an area of 50 
to 100 thousand square miles. The Pacific saury spawns so widely, beyond the usual 
boundaries of the CalCOFI survey grid, that a satisfactory westerly boundary has 
never been usefully defined (Figure 3.19) and it is possible that the distribution 
is trans-Pacific. In this figure, the incidence of saury occurrence has been plotted 
at stations sporadically occupied around the periphery of the usual CalCOFI area. 
Were it to become necessary, these peripheral stations could be used to design a 
survey to surround the spawning area of this species. The basic ability to define 
the geographic boundaries of spawning is one criterion for deciding whether the 
ichthyoplankton survey technique is feasible for a particular fish species. 

Figure 3.20 shows the spawning of jack mackerel (Trachurus symmetricus) was 
undoubtedly occurring to an important extent outside the usually surveyed area bot 
the north-south and the seasonal distribu- 
tions appeared to be adequately enclosed. 
In some instances such as these, a conserva- 
tive estimate of spawning biomass may be made r----.+- .,,. ~ ~ ~ --- ~~ ~ . "L- /j ;;I (Ahlstrom, 1968; Gulland, 1970) and plans may ! . . . . . ." .,.. ". 
be modified to enclose the spawning in sub- . " . ~.... 
sequent surveys. In this way the monitoring 
surveys for sardine and anchovy may be used 
as the exploratory surveys of other species 
with only small technical costs added to the 
major goal of the survey. 

e Colebrook (1973) has examined alterna- 
tive strategies in sampling simulated sea- 
sonal and geographic patterns. His model 
demonstrated that under the conditions simu- .. 
lated there is little difference among ran- 

sects over a region at several degrees of 
pattern intensity. However, the grid was 
clearly more expensive than the others in 
terms of the travel distance to occupy sta- 
tions. Colebrook (1973) also emphasized that 
the evenly spaced grid in time and space has ~ , ,,.,,mDy,ll,,O'LY-ID 

many oceanographic techniques require a sta- 'I ' "  

tion transect normal to the coast, arid great 
economies are available for combined fish- 
eries, biological and oceanographic surveys, 
since ship-time is the greatest unit cost of 
each type of survey. 

. . . .  ~ .... 
. ~ . r ... 
. "  .......... 

-dom, stratified random, grid, and route tran- 

, I  

. 
advantages for mutifactorial t.reatment of ~ Lllc"..'Xrl 

data. It should also be kept in mind that S . "  

~--..,+ ~ ~ 

Figure 3.19. A composite draw- 
precision resulting from che change from an ing showing the incidence of . 

saury eggs in the usual Cal- even grid to a grid which concentrates sta- 
tions along lines and separates the lines by COFI survey area and around 
an equivalent proportion. For example, the the periphery. (From Smith, 
error level from a square grid increases only Ahlstrom, and Casey, 1970) 
10% when a 2:l rectangular grid is used and 

Switzer (1967) has examined the loss of 
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F i g u r e  3 . 2 0 .  Average spawning p o s i t i o n  f o r  t h e  j a c k  m a c k e r e l ,  
T r a c h u r u s  s y m m e t r i c u s ,  over a d e c a d e .  
1 9 7 0 )  

( A f t e r  K r a m e r  and Smi th ,  

t h e  d i s t a n c e  t r a v e l e d  i s  r e d u c e d  3 0 % .  I t  i s  recommended t h a t  a p i l o t - s t u d y  
s u r v e y  w i t h  s q u a r e  g r i d  be  o c c u p i e d  and t h e  a l t e r n a t i v e  r e s u l t s  f rom i n c r e a s i n g  rec- 
t a n g u l a r i t y  b e  a n a l y z e d  f o r  t h e  optimum g r i d  p a t t e r n .  

3.3.2. V e r t i c a l  D i s t r i b u t i o n  

The d e t e r m i n a t i o n  o f  t h e  e x t e n t  o f  v e r t i c a l  d i s t r i b u t i o n  o f  a p a r t i c u l a r  
s p e c i e s  i s  s i m p l i f i e d  by t h e  o b s e r v a t i o n  t h a t  m o s t  p e l a g i c  spawning by f i s h  o c c u r s  
i n  t h e  u p p e r  few hundred meters (Ahls t rom,  1 9 5 9 ) .  P r o p e r  s u r v e y  d e s i g n  i s  n e c e s -  
s a r y  t o  a s s u r e  t h a t  t h e  v e r t i c a l  d i s t r i b u t i o n  o f  spawning p r o d u c t s  and t h e  s u b s e -  
q u e n t  movements of t h e  e g g s  and l a r v a e  i n  t h e  v e r t i c a l  p l a n e  w i l l  be  d e l i m i t e d  o r  
d e s c r i b e d .  

T h e r e  a re  e c o l o g i c a l  and p h y s i o l o g i c a l  a s p e c t s  o f  v e r t i c a l  d i s t r i b u t i o n .  The 
e c o l o g i c a l  f e a t u r e s ,  which i n v o l v e  t h e  v e r t i c a l  c o i n c i d e n c e  o f  t h e  f i s h  l a r v a e  and 
t h e i r  common f o o d ,  c o m p e t i t o r s ,  and p r e d a t o r s ,  a re  o u t s i d e  t h e  scope  of t h i s  manual .  
A p h y s i o l o g i c a l  f e a t u r e  t h a t  is i m p o r t a n t  i n  e s t i m a t i n g  spawning b iomass  i s  t h e  t e m -  
p e r a t u r e  a t  which developmen: i s  t a k i n g  p l a c e .  T h i s  i n f o r m a t i o n  i s  n e c e s s a r y  t o  
c a l c u l a t e  t h e  r e s i d e n c e  t i m e  and abundance  o f  t h e  l a r v a e .  Thus,  i n  i c h t h y o p l a n k t o n  
s u r v e y s  f o r  spawning b iomass  e s t i m a t e s ,  t h e  sample  i s  t a k e n  from below t h e  d e e p e s t  
l a r v a  (or  a t  l e a s t  t h r o u g h  a c o n s i s t e n t  f r a c t i o n  o f  t h e  l a r v a e ) ,  and t h e  l a r v a l  
abundance  i s  r e p o r t e d  a s  t h e  number u n d e r  a u n i t  s e a  s u r f a c e  a r e a  ( e . g . ,  10 s q u a r e  
meters) .  T h i s  c o n t r a s t s  w i t h  e c o l o g i c a l  s t u d i e s  which  r e p o r t  l a r v a  abundance a s  num- 
b e r s  p e r  u n i t  volume a t  g i v e n  d e p t h s  and which a l so  r e q u i r e  more p r e c i s e  tempera-  
t u r e  c o r r e c t i o n s  f o r  r e s i d e n c e  t i m e .  

A method f o r  d e t e r m i n i n g  t h e  p r o p o r t i o n s  o f  l a r v a e  o f  a g i v e n  s p e c i e s  i s  i l l u s -  
t r a t e d  i n  T a b l e  3 .16  and F i g u r e  3 .21  f o r  anchovy and hake l a r v a e  c o l l e c t e d  i n  h o r i -  
z o n t a l l y  towed o p e n i n g  and c l o s i n g  L e a v i t t  n e t s  , (Ahls t rom,  1 9 5 9 ) .  B a s i c a l l y ,  t h e  
d e p t h  r a n g e  i s  d i v i d e d  among t h e  h o r i z o n t a l  h a u l s  by assuming t h a t  t h e  mid-depth 
o f  e a c h  t o w  i s  r e p r e s e n t a t i v e  f o r  h a l f  t h e  d i s t a n c e  t o  t h e  a d j a c e n t  mid-depth above  
and below. A t  t h e  s u r f a c e ,  t h e  upper  t o w  r e p r e s e n t s  d e p t h s  a l l  t h e  way t o  t h e  
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F i g u r e  3 . 2 1 .  

a t  t h e  i n d i c a t e d  d e p t h s  are t h e  p e r c e n t  values  of i n c i d e n c e .  
d i c a t e  t h e  h o r i z o n t a l  s a m p l i n g  l e v e l s .  (From A h l s t r o m ,  1 9 5 9 )  

The d e p t h  d i s t r i b u t i o n s  o f  anchovy l a r v a e  and hake l a r v a e .  
The s o l i d  l i n e  i s  t h e  c u m u l a t i v e  p e r c e n t  c u r v e  and  t h e  i n d i v i d u a l  b a r s  

The arrows i n -  

s u r f a c e  . The l o w e s t  tow i s  assumed t o  r p r e s e n t  a s  much d e p t h  below t h e  mid-depth 
a s  above .  
number o f  l a r v a e  p e r  10m2 sea s u r f a c e  a r e a  be tween t h e  l i m i t s  r e p r e s e n t e d  by t h e  
t o w  by t h e  f o l l o w i n g  e q u a t i o n :  

The number o f  l a r v a e  p e r  1000m' a t  e a c h  d e p t h  i s  t r a n s f o r m e d  t o  t h e  

SR c = c  ( T )  v 
Where C i s  t h e  number p e r  u n i t  sea s r f a c e  a rea ;  C i s  t h e  number p e r  u n i t  of 

e x a m p l e ) ;  R i s  t h e  r a n g e  o f  d e p t h  f o r  t h e  sample  ( 5  m i n  t h i s  e x a m p l e ) ;  V i s  t h e  
u n i t  volume ( 1 0 0 0  m3 i n  t h i s  e x a m p l e ) .  Thus anchovy bet.ween t h e  s u r f a c e  and 5 m: 

volume ( 2 3 4  anchovy l a r v a e  p e r  l O O O m  4 ) ;  S is  t h e  u h t  s e a  s u r f a c e ( 1 0  m2 i n  t h i s  

1 0  x 5 C = 2 3 4  ( 1000 ) = 1 1 . 7 0  

anchovy l a r v a e  p e r  1 0  m 2  from 0 - 5 meters d e p t h .  I n  t h i s  i n s t a n c e ,  t h e  d e p t h  
i n t e r v a l s  a re  uneven. F o r  some p u r p o s e s ,  it i s  more c o n v e n i e n t  t o  use  e v e n l y  
s p a c e d  i n t e r v a l s .  I t  now seems l i k e l y  t h a t  s t r a t i f l c a t i o n  i s  more pronounced  t h a n  
e a r l i e r  t h o u g h t  (Longhurs t ,  1 9 6 7 )  , which i m p l i e s  t h a t  much f i n e r  d e p t h  i n t e r v a l s  
t h a n  t h e  above  example w i l l  be n e c e s s a r y  t o  i n c r e a s e  t h e  p r e c i s i o n  of d e p t h  d i s t r i -  
b u t i o n  a n a l y s i s .  I t  i s  l i k e l y  t h a t  t h e  above  t y p e  o f  a n a l y s i s  w i l l  s u f f i c e  fpr 
d e t e r m i n i n g  t h e  maximum d e p t h  o f  t o w  f o r  s p e c i e s  i n  t h e  upper  300 meters. 

3 . 3 . 3 .  S e a s o n a l  D i s t r i b u t i o n  

S e a s o n a l  d i s t r i b u t i o n  of sampl ing  w i l l  depend on t h e  c h a r a c t e r i s t i c s  o f  t h e  
spawning s e a s o n  by s p e c i e s  a n a  t h e  r e s i d e n c e  t i m e  o f  t h e  spawning p r o d u c t s  i n  t h e  
s e a .  F o r  exampl.e, s a m p l i n g  i n  p o l a r  areas  c a n  be e x p e c t e d  t o  c e n t e r  a r o u n d  a br ie f  
spawning p e r i o d  w i t h  a n  e x t e n d e d  r e s i d e n c e  t i m e  o f  p l a n k t o n i c  s t a g e s .  I n  t r o p i c a l  
areas  t h e  s h a r p  s e a s o n a l  c y c l e  may be a b s e n t  and t h e  r e s i d e n c e  t i m e  o f  t h e  spawning 
p r o d u c t s  may be  q u i t e  s h o r t .  I n  t e m p e r a t e  areas t h e s e  c h a r a c t e r i s t i c s  a re ,  of 
c o u r s e ,  i n t e r m e d i a t e ,  w i t h  t h e  added c o m p l e x i t y  t h a t  p o l a r  o r  t r o p i c a l  waters may 
a c t u a l l y  b e  t r a n s p o r t e d  i n t o  t h e  t e m p e r a t e  areas t o  v a r y i n g  d e g r e e s .  I f  a f i s h e r y  
on t h e  t a r g e t  s p e c i e s  e x i s t s  i n  a n  a r e a ,  gonad s a m p l e s  o f  t h e  c a t c h  may be  t h e  b e s t  
i n d e x  of when i c h t h y o p l a n k t o n  s u r v e y s  s h o u l d  b e  c o n d u c t e d .  I n  t h e  CalCOFI area,  
t h e  f o u r  months J a n u a r y ,  A p r i l ,  J u l y  and O c t o b e r  have  been most r o u t i n e l y  o c c u p i e d  
w i t h  s u p p l e m e n t a l  c r u i s e s  made d u r i n g  t h e  h e i g h t  ( F e b r u a r y ,  March, May and  June)  of  
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Figure  3 . 2 2 .  The spawning c y c l e  of t h e  
n o r t h e r n  anchovy, E n g r a u l i s  mordax, 
i n  t h e  C a l i f o r n  i a  Cur ren t  r eg ion .  
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Figure  3 . 2 3 .  The spawning c y c l e  of t h e  
hake, Mer lucc ius  p roduc tus ,  i n  t h e  
C a l i f o r n i a  Cur ren t  r z g i o n .  
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Figure  3 . 2 4 .  The cumula t ive  pe rcen tage  c a t c h  
c y c l e s  of t h e  l a r v a e  o f  hake and anchovy i n  
t h e  C a l i f o r n i a  Curren t  r eg ion .  



79 

t h e  spawning s e a s o n  o f  most species. 

A s  i n  t h e  c a s e  o f  g e o g r a p h i c  d i s t r i b u t i o n ,  t h e  p u r p o s e  o f  m o n i t o r i n g  i s  n o t  t o  
d e s c r i b e  i n  d e t a i l  t h e  s e a s o n a l  d i s t r i b u t i o n  o f  spawning b u t  t o  g e t  a r e p r e s e n t a t i v e  
sample  o f  t h e  spawning.  F o r  example,  a month ly  l a r v a l  i n d e x  f o r  anchovy v a r i e s  f rom 
a v a l u e  o f  5 t o  1 1 2  w i t h  a n  a v e r a g e  o f  4 4 .  The l a r v a l  i n d e x  f o r  f o u r  q u a r t e r l y  
c r u i s e s  i s  48 f o r  J a n u a r y ,  A p r i l ,  J u l y  and O c t o b e r ,  4 2  f o r  F e b r u a r y ,  May, August  
and November, and  40 f o r  March, June,  September  and December. The r a n g e  o f  estimates 
i s  o n l y  20% o f  t h e  mean v a l u e  f o r  f o u r  c r u i s e s .  For  a l t e r n a t e  monthly c r u i s e s ,  t h e  
l a r v a l  i n d e x  i s  4 4  f o r  t h e  se t  of s i x  c r u i s e s  b e g i n n i n g  i n  J a n u a r y  and 43 f o r  t h e  
s i x  c r u i s e s  b e g i n n i n g  i n  F e b r u a r y .  The a v e r a g e  anchovy spawning c y c l e  i s  i l l u s t r a t e d  
i n  F i g u r e  3.22. Thus,  f o u r  c r u i s e s  c o n d u c t e d  three-month  i n t e r v a l s  would prob-  
a b l y  b e  a d e q u a t e  t o  sample  anchovy,  o r  s i m i l a r l y  spawning s p e c i e s  which have  e x t e n d e d  
p e r i o d s ,  f o r  spawning b iomass  estimates. However, s i x  c r u i s e s ,  t w o  e a c h  q u a r t e r  i n  
t h e  spawning s e a s o n  and one  e a c h  q u a r t e r  o u t  of t h e  normal  spawning s e a s o n ,  would 
a s s u r e  a more p r e c i s e  es t imate  o f  spawning biomass.  

The same month ly  l a r v a l  i n d e x  f o r  hake  a v e r a g e s  28 and t h e  t h r e e  q u a r t e r l y  
c r u i s e  p o s s i b i l i t i e s  are  20,  4 2 ,  and 33. The two a l t e r n a t e  month c r u i s e  series 
y i e l d  l a r v a l  i n d i c e s  of 2 4  and 33. Thus,  t o  a d e q u a t e l y  sample  hake ,  o r  s i m i l a r l y  
spawaning s p e c i e s  which have  one  or  more b r i e f  spawning p e r i o d s ,  r e q u i r e s  more 
f r e q u e n t  and c o n c e n t r a t e d  c r u i s e s .  The hake spawning c y c l e  o f f  C a l i f o r n i a  i s  i l l u s -  
t r a t e d  i n  F i g c r e  3.23 and  t h e  c u m u l a t i v e  p e r c e n t  f r e q u e n c y  c u r v e  f o r  anchovy and 
hake  ( b e g i n n i n g  i n  O c t o b e r ,  t h e  s e a s o n a l  minimum f o r  spawning)  i s  shown i n  F i g u r e  
3.24. 

For  some s p e c i e s ,  t h e  s e a s o n a l  and g e o g r a p h i c  d i s t r i b u t i o n s  o f  spawning i n t e r -  
a c t  and  c a u s e  some s a m p l i n g  c o m p l e x i t y .  These  cases a r e  t y p i f i e d  by t h e  spawning t h a t  
b e g i n s  a t  o n e  end  o f  t h e  r a n g e  o f  t h e  a d u l t  and s p r e a d s  across t h e  e n t i r e  r a n g e  by 
t h e  end of t h e  spawning s e a s o n .  The s t a t i s t i c a l  d i f f i c u l t y  i n  t h i s  case i s  t h a t  
t h e  s u r v e y  c r u i s e  p a t t e r n  may a t  t i m e s  b e  c o n d u c t e d  i n  t h e  same d i r e c t i o n  t h a t  t h e  
spawning i s  s p r e a d i n g ,  t h u s  a p p a r e n t l y  e x t e n d i n g  t h e  spawning s e a s o n  by r e g i o n .  
C o n v e r s e l y ,  t h e  c r u i s e  may be  c o n d u c t e d  so t h a t  t h e  s t a t i  IS a r e  t a k e n  a c r o s s  t h e  

PACIFIC MACKEREL LARVAE 

\ 
- bREb OCCUPIED 
D < 5 X OCCURRENCE 
9 5 % OCCURRENCE 

SHADED I R E *  
3 10% OCCURRENCE 

, 

F i g u r e  3.25. The spawning r e g i o n s  and  s e a s o n s  of Pa- 
c i f i c  m a c k a r e l ,  Scbmber 
p l e t e l y  sampled months 
K r a m e r  and S m i t h ,  1 9 7 0 ~ ) :  
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area a g a i n s t  t h e  t r e n d  of spawning a p p e a r i n g  t o  g i v e  a s h o r t e n e d  s e a s o n  by r e g i o n .  

case 
c a n t  
t h a t  

An example o f  i n c o m p l e t e  s e a s o n a l  c o v e r a g e  i s  shown i n  F i g u r e  3 . 2 5 .  I n  t h i s  
, t h e  P a c i f i c  m a c k e r e l  (Scomber a p o n i c u s )  i s  shown t o  b e  spawning i n  s i g n i f i -  
amounts  i n  t h e  r e q i o n  t o  t h e  s o h e  s u r v e y  a r e a .  
spawning w a s  also o c c u r r i n g  i n  t h e  m i s s i n g  months of Augus t ,  September ,  Novem- 

b e r  and December. I t  i s  p o s s i b l e  t h a t  t h e  months of August  o r  September  c o u l d  con- 
t a i n  t h e  peak  spawning .  Here, a s  i n  t h e  j a c k  m a c k e r e l  example ( F i g u r e  3 . 2 0 )  t h e  
c a l c u l a t e d  spawning  b iomass  i s  assumed t o  be  minimal .  These  d a t a  have  been  co l l ec t -  
e d  i n c i d e n t a l  t o  i c h t h y o p l a n k t o n  s u r v e y s  d e s i g n e d  f o r  t h e  P a c i f i c  s a r d i n e  and may 
b e  used  t o  modify f u t u r e  s u r v e y s  t o  e n c l o s e  t h e  P a c i f i c  m a c k e r e l  spawning a r e a s  
and  t i m e s  . 

I t  would be  assumed 

3 . 3 . 4 .  O c e a n i c  T r a n s p o r t  and D i f f u s i o n  

M o n i t o r i n g  spawning b iomass  by i c h t h y o p l a n k t o n  s u r v e y s  w i l l  n o r m a l l y  i n c l u d e  
t h e  s a m p l i n g  o f  s e v e r a l  d a y s '  spawning p r o d u c t s  ( S e c t i o n s  3 . 4 ,  3 . 5 ) .  These  d a t a  
may b e  p o o l e d  t o  o b t a i n  a n  egg  o r  l a r v a  r e g i o n a l  c e n s u s  es t imate  ( S e c t i o n  2 . 4 ) .  I t  
may a l s o  b e  i m p o r t a n t  t o  es t imate  t h e  t r a n s p o r t  of e g g s  o r  l a r v a e  i n t o  and o u t  o f  
t h e  r e g i o n .  F o r  example ,  r e g i o n s  t h a t  a re  t r a n s p o r t e d  from w i l l  e x h i b i t  a n  u n n a t u r -  
a l l y  h i g h  a p p a r e n t  m o r t a l i t y  r a t e  b e c a u s e  o l d e r  l a r v a e  have  more c h a n c e  of b e i n g  
t r a n s p o r t e d  away. T h i s  c a u s e s  o v e r - s a m p l i n g  i n  t h e  " r e c e i v i n g "  area. F i g u r e  
3 . 2 6  shows t h e  c h a r a c t e r i s t i c  l o w e r i n g  o f  t h e  i n c i d e n c e  of  young l a r v a e  and  e l e v a -  
t i o n  o f  t h e  r e l a t i v e  abundance  of o l d e r  l a r v a e  due t o  i n c r e a s e d  c h a n c e s  o f  b e i n g  
t r a n s p o r t e d  o f f s h o r e .  

The g e n e r a l  .p roblem o f  d i f f u s i o n  w a s  t r e a t e d  by Hirano  and Fuj i rnoto  ( 1 9 6 8 )  and 
s o m e  p r e l i m i n a r y  c a l c u l a t i o n s  of t h e  e f f e c t  of d i f f u s i o n  on  t h e  s t a t i s t i c a l  d i s t r i -  
b u t i o n  of s a r d i n e  e g g  s a m p l e s  have  been  made (Smi th ,  1 9 7 3 ) .  Smith c o n c l u d e d  t h a t  
s a r d i n e  e g g s  a re  spawned i n  a m o s a i c  p a t t e r n  o f  f i s h  s c h o o l  d i m e n s i o n s ,  and  t h e  
e g g s  a t  t h e  p e r i m e t e r  s u b s e q u e n t l y  d i s p e r s e  t o  a c o n d i t i o n  of randomness a t  t h e  
scale  o f  t h e  p l a n k t o n  sample.  While  a n  " a v e r a g e "  c o n d i t i o n  l e a d s  t o  t h e  d i s p e r s a l  o f  
egg  a n d l a r v a  p a t c h e s  w i t h  t i m e ,  t h e r e  i s  l i t t l e  i n f o r m a t i o n  y e t  o n  t h e  v a r i a b i l i t y  

'1 20 
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$ 2  , _I Y d  * 

F i g u r e  3 . 2 6 .  An example o f  a lar- 
v a  c a t c h  c u r v e  which  has been  
i n f l u e n c e d  by t r a n s p o r t  of larvae 
away f r o m  the coast. (From S m i t h ,  
1972)  

04 c a t c h  c u r v e  o f  anchovy 
larvae n e a r  t h e  coast .--- 0 c a t c h  c u r v e  o f  a n c h o v y '  
l a r v a e  EO m i l e s  o f f  t h e  
coast 

l a r v a e  1 6 0  m i l e s  o f f  t h e  
c o a s t  

A - . - A  c a t c h  Curve of anchovy 
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o f  t h i s  ra te .  S l i g h t  v a r i a t i o n s  i n  t h i s  ra te  c o u l d  m e a s u r a b l y  a l t e r  t h e  c h a n c e s  of  
g e t t i n g  o r  m i s s i n g  t h e  o c c a s i o n a l  l a r g e  samples  which c h a r a c t e r i z e  t h e  sampl ing  o f  
p e l a g i c  spawning p r o d u c t s .  U n t i l  t h i s  p r o p e r t y  is u n d e r s t o o d ,  it would be  u s e f u l  
t o  measure  a n  i n d e x  o f  c o n t a g i o n .  T h e r e  are  s e v e r a l ,  b u t  p e r h a p s  one o f  t h e  more 
u s e f u l  o n e s  i s  t h e  "k" o f  t h e  n e g a t i v e  b i n o m i a l  series. 

3.4. Sampling t o  Overcome Problems o f  M i c r o d i s t r i b u t i o n  

Some u n d e r s t a n d i n g  o f  " m i c r o d i s t r i b u t i o n "  is u s e f u l  f o r  i n t e r p r e t i n g  t h e  sample  
d a t a  f rom i c h t h y o p l a n k t o n  s u r v e y s .  " M i c r o d i s t r i b u t i o n "  is d e f i n e d  f o r  t h i s  manual 
a s  t h e  d i s t r i b u t i o n a l  c h a r a c t e r i s t i c s  o f  o r g a n i s m s  n e a r  t h e  scale  o f  t h e i r  body 
s i z e  o r  r a n g e  o f  movement i n  a s h o r t  p e r i o d .  T h i s  i s  d i s t i n g u i s h e d  from "hydro-  
g r a p h i c  d i s t r i b u t i o n "  which i s  t h e  d i s t r i b u t i o n  a s s o c i a t e d  w i t h  p a r t i c u l a r  o c e a n  
f e a t u r e s  s u c h  a s  e d d i e s ,  u p w e l l i n g  a r e a s ,  o r  i s l a n d s .  Both are  d i s t i n g u i s h e d  from 
" p h y s i o l o g i c a l  d i s t r i b u t i o n "  which i s  t h e  e n t i r e  g e o g r a p h i c  and b a t h y m e t r i c  a r e a  i n  
which t h e  o r g a n i s m  c a n  s u r v i v e .  These t h r e e  l e v e l s  o f  d i s t r i b u t i o n  might  b e  e q u a t e d  
w i t h  t h e  terms " a g g r e g a t i o n ,  " e n v i r o n m e n t a l  p r e f e r e n c e ,  " and " t o l e r a n c e .  " 

I c h t h y o p l a n k t o n  s u r v e y  p r e c i s i o n  i s  d e t e r m i n e d  by t h e  sca le  and i n t e n s i t y  of  
m i c r o d i s t r i b u t i o n  o f  t h e  f i s h  e g g s  and l a r v a e  b e i n q  sampled.  These t w o  f a c t o r s  
are  o f  p r i m a r y  i m p o r t a n c e  i n  e s t i m a t i n g  t h e  number o f  samples  r e q u i r e d  f o r  a u n i t  
p r e c i s i o n  o f  spawning b iomass  e s t i m a t e .  

F i s h  e g g s  and l a r v a e ,  a s  Cass i e  (1968)  n o t e d ,  " . . . are among t h e  more 
v a r i a b l e  i n  t h e i r  s p a t i a l  d i s t r i b u t i o n ,  p r o b a b l y  because  t h e y  are  r e l a t i v e l y  s h o r t -  
l i v e d  members o f  t h e  p l a n k t o n ,  and are  i n i t i a l l y  r e l e a s e d  i n  a h i g h  o v e r - d i s p e r s e d  
( p a t c h y )  p a t t e r n . "  I n  a d d i t i o n ,  t h e r e  a p p e a r s  t o  be a g r e a t  d i f f e r e n c e  between 
t h e  d i s p e r s a l  o f  t h e  spawning p r o d u c t s  o f  a d e m e r s a l  f i s h ,  t h e  p l a i c e  (J.W. T a l b o t ,  
L o w e s t o f t ,  U . K . ,  p e r s o n a l  communica t ion)  and a p e l a g i c  s c h o o l i n g  f i s h ,  t h e  s a r d i n e  
(Smi th ,  P.E., 1 9 7 3 ) .  I t  may be t h a t  t h e  p l a i c e ,  i n  a r e l a t i v e l y  f i x e d  p o s i t i o n ,  
d i s c h a r g e s  i t s  e g g s  i n t o  moving w a t e r ,  w h i l e  t h e  s a r d i n e  d r i f t s  a l o n g  w i t h  t h e  
water and spawns i n t o  a r a t h e r  p e r s i s t e n t  p a t c h .  

Presumably  p a t c h  s i z e s  w i l l  r a n g e  from t h e  a r e a  o f  spawning o f  a s i n g l e  f e m a l e ,  

F i g u r e  3 . 2 1 .  An example o f  a p a t t e r n - f o r m i n g  
f e a t u r e  of t h e  s u r f a c e  l a y e r  of t h e  o c e a n  which 
may i n t e r a c t  w i t h  o r g a n i s m  b e h a v i o r  t o  y i e l d  1 

s t r a n d  l i n e s "  a t  c o n v e r g e n c e s  and  areas  o f  
e w  o r g a n i s m s  a t  d i v e r g e n c e s  (Owen, 1 9 6 6 ) .  

t h r o u g h  t h e  e n t i r e  a r e a  o f  spawn- 
i n g  a c t i v i t y  a s s o c i a t e d  w i t h  l a r g e  
s c a l e  h y d r o g r a p h i c  f e a t u r e s .  Thus, 
t h e  spawning a c t i v i t y  i s  t h e  o r i g i n  
o f  t h e  d i s t r i b u t i o n  p a t t e r n  o f  
e g g s ,  b u t  s u b s e q u e n t  e v e n t s  may 
modify t h a t  p a t t e r n .  The spawning 
p r o d u c t s  may b e  t r a n s p o r t e d  away 
from t h e  spawning a r e a  (Hirano  and 
F u j i m o t o ,  1 9 6 8 ) ,  t h e y  may d i s p e r s e  
f rom p a t c h  c e n t e r s  (Smi th ,  P . E . ,  
1 9 7 3 ) ,  and loca l  or  w i d e - s c a l e  
w a t e r  m o t i o n s  may c o n c e n t r a t e  
them ( F i g .  3 .27)  i n  c o n v e r g e n c e s  
(Langmuir ,  1938;  Owen, 1966)  o r  
g y r a l s .  D i s p e r s a l  may also r e s u l t  
i n  open s p a c e s  between e g g s  t h a t  
a re  l a r g e  enough f o r  s a m p l e r s  t o  
p a s s  t h r o u g h  even though t h e y  a re  
i n s i d e  a " p a t c h " .  S p a c e s  may a l s o ,  
be  c r e a t e d  by l o c a l i z e d  s o u r c e s  o f  
m o r t a l i t y  s u c h  a s  s t a r v a t i o n  or  
p r e d a t i o n .  

As y e t  t h e r e  i s  no r e l i a b l e  
way t o  measure t h e  scale and i n -  
t e n s i t y  o f  p a t t e r n  i n  t h e  p e l a g i c  
envi ronment .  P a t c h  s i z e  c a n  sel- 
dom b e  d e t e r m i n e d  d i r e c t l y  f rom 
t h e  spawning p r o d u c t s  b e c a u s e  t h e y  
are n o t  u s u a l l y  s u b j e c t  t o  d i r e c t  
o b s e r v a t i o n  or c o n t i n u o u s  measure-  
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ment.  Two i n d i r e c t  methods have  p r o v i d e d  a s e n s e  o f  scale  o f  p a t t e r n .  T h e ' f i r s t  
method,  i n v o l v i n g  d i s p e r s a l  r a t e ,  w a s  a p p l i e d  t o  s a r d i n e  e g g s  by P.E. Smith 
( 1 9 7 3 ) .  The second method,  i n v o l v i n g  sample  s i z e ,  h a s  been borrowed from b o t a n i c a l  
t e c h n i q u e s  (Gr ieg-Smi th ,  1952;  P i e l o u ,  1 9 6 9 ) .  P a t t e r n  h a s  been d e s c r i b e d  s t a t i s t i c -  
a l l y  by r e f e r e n c e  t o  t h e  r a t i o  o f  t h e  v a r i a n c e  t o  t h e  mean ( s 2 / m )  o r  some d e r i v a t i v e  
o f  it s u c h  as  t h e  commoniy used  c o e f f i c i e n t  o f  v a r i a t i o n  ( 1 0 0  s / m ) .  L l o y d ' s  (1967)  
i n d e x  o f  "mean crowding" a l so  d e s c r i b e s  p a t t e r n  and shows promise o f  d i s t i n g u i s h i n g  
between v a r i o u s  s o u r c e s  o f  m o r t a l i t y .  Colebrook (1969)  h a s  shown t h a t  v a r i a n c e  
due  t o  d e n s i t y  g r a d i e n t s  may be  c o n f u s e d  w i t h  p a t c h i n e s s .  

S t a t i s t i c a l l y ,  t h e  b e s t  way, a t  p r e s e n t ,  t o  d e a l  w i t h  t h e  problems o f  micro- 
d i s t r i b u t i o n  "is  t o  i n c r e a s e  t h e  number o f  samples  u s i n g  t h e  r e l a t i o n s h i p  S.E. = 
S/ f i  where 'S .E . '  i s  t h e  s t a n d a r d  e r ror  ( s t a n d a r d  error of  t h e  m e a n ) ,  and ' n '  is 
t h e  number o f  samples"  ( C a s s i e ,  1 9 6 8 ) .  An  example i s  p r o v i d e d  by t h e  two computer  
s i m u l a t e d  c e n t r i c  a g g r e g a t i o n s  shown i n  F i g u r e  3.28.  These t w o  d i s t r i b u t i o n  p a t -  
t e r n s  d i f f e r  i n  i n t e n s i t y  b u t  n o t  i n  s c a l e .  For  example,  t h e  above e q u a t i o n  recom- 
mends t h a t  4 1 1  samples  b e  t a k e n  i n  o r d e r  t o  g e t  1 0 %  a c c u r a c y  i n  t h e  mean c o n c e n t r a -  
t i o n  o f  t h e  p a t t e r n  i n  F i g u r e  3.28 a .  Only 193 samples  need t o  b e  t a k e n  f o r  t h e  
same p r e c i s i o n  i n  s a m p l i n g  t h e  p o p u l a t i o n  i n  F i g .  3.28b.. The a g g r e g a t i o n  i n  F i g .  
3.28 a h a s  a mean d e n s i t y  o f  4 .91,  t h e  sample  v a r i a n c e  i s  99 .23 ,  and t h e  a v e r a g e  
n e g a t i v e  b i n o m i a l  "k" is 0.256. The a g g r e g a t i o n  i n  F i g .  3.28 b h a s  a mean d e n s i t y  
o f  3.76, t h e  sdmple v a r i a n c e  i s  27.34 and "k" i s  0.600. 

3.5. Res idence  T i m e  ( E s t i m a t i n g  M o r t a l i t y )  

One o f  t h e  more d i f f i c u l t  b i a s e s  t o  measure i n  n a t u r a l  p o p u l a t i o n s  o f  e g g s  
and l a r v a e  i s  " r e s i d e n c e  t i m e ' '  o r  p e r i o d  and e x t e n t  o f  v u l n e r a b i l i t y  t o  sampl ing .  
T h e r e  a r e  two s i m p l e  t e c h n i q u e s  f o r  measur ing  m o r t a l i t y  which w e  w i l l  c a l l  t h e  
" c o h o r t  b i r t h "  method and t h e  " c o n s t a n t  b i r t h "  method. I n  t h e  " c o h o r t  b i r t h "  
method, t h e  spawning p r o d u c t s  a re  r e l e a s e d  d u r i n g  a p e r i o d  o f  t i m e  which i s  s h o r t  
r e l a t i v e  t o  t h e  p e r i o d  of  o b s e r v a t i o n .  The c o h o r t  (which r e f e r s  t o  t h e  g r o u p  of 
e g g s  t h a t  i s  r e l e a s e d  a t  one  t i m e  and whatever  becomes o f  i t )  i s  t h e n  sampled i n  
close s u c c e s s i v e  t i m e  p e r i o d s ,  and t h e  m o r t a l i t y  ra te  i s  e s t i m a t e d  between e a c h  
s u c c e s s i v e  measurement .  I n  t h e  " c o n s t a n t  b i r t h "  method, a s i n g l e  sample i s  a n a l y z e d  
f o r  t h e  abundance o f  a se r ies  o f  d e v e l o p m e n t a l  s t a g e s  o f  known a g e .  I t  i s  beyond 
t h e  s c o p e  o f  t h i s  manual t o  r e v i e w  a l l  t h e  n e c e s s a r y  f a c t o r s  t h a t  e f f e c t  t h e s e  
e s t i m a t e s  such  a s  d r i f t  o f  a c o h o r t  away from i t s  p o i n t  o f  o r i g i n  (Smi th ,  1 9 7 2 ) ,  
c h a n g e s  i n  t h e  p a t t e r n  and r a t e  o f  d i s p e r s a l  ( S m i t h ,  P.E. 1 9 7 3 ) ,  c h a n g e s  i n  t h e  
v u l n e r a b i l i t y  o f  t h e  l a r v a e  t o  sampl ing  by d a y ,  n i g h t  and s i z e  ( B a r k l e y ,  1972;  
L e n a r z ,  1 9 7 2 ,  1973;  Murphy and C l u t t e r ,  1 9 7 2 )  and t h e  c o n s t a n c y  of m o r t a l i t y  r a t e s  
among d e v e l o p m e n t a l  s t a g e s  ( F a g e r ,  1 9 7 3 ) .  W e  w i l l  c o n s i d e r  o n l y  t h e  t e m p e r a t u r e -  
d e p e n d e n t  h a t c h i n g  t i m e  IAhlstrorn,  1 9 3 3 ;  L a s k e r ,  1964), t h e  t cn lpera ture-c lcpendent  
l a r v a l  growth r a t e  ( L a s k e r ,  1 9 6 4 ) ,  and t h e  f o o d - d e p e n d e n t  l a r v a l  growth r a t e .  

3 .5 .1 .  Temperature-Dependent  Hatching  T i m e  

F o r  a n n u a l  e s t i m t e s  o f  spawning b iomass ,  it may be  n e c e s s a r y  t o  make  c o r r e c -  
t i o n s  f o r  t h e  t e m p e r a t u r e - s p e c i f i c  h a t c h i n g  t i m e  because  warm y e a r s  speed  t h e  r a t e  
o f  deve lopment ,  r e d u c e  t h e  r e s i d e n c e  t i m e s  o f  t h e  e g g s ,  and c a u s e  an u n d e r e s t i m a t e  
of t h e  spawning p o p u l a t i o n .  S i m i l a r l y ,  a c o l d e r - t h a n - a v e r a g e  y e a r  w i l l  c a u s e  t h e  
e g g s  t o  d e v e l o p  and h a t c h  more s l o w l y ,  t h u s  i n c r e a s i n g  t h e  l e n g t h  o f  t i m e  t h a t  e g q s  
a r e  v u l n e r a b l e  t o  s a m p l i n g  and c a u s i n g  a n  o v e r e s t i m a t e  o f  t h e  spawning b iomass .  
The h a t c h i n g  t i m e  a t  v a r i o u s  t e m p e r a t u r e s  c a n  be used  t o  a d j u s t  t h e  sample v a l u e s  
t o  a c e n t r a l  t e m p e r a t u r e  and t h e r e b y  c o r r e c t  t h e  b i a s .  The f o l l o w i n g  t a b l e  was 
d e v e l o p e d  from d a t a  p r o v i d e d  by L a s k e r  ( 1 9 6 4 )  f o r  P a c i f i c  s a r d i n e :  

130 
1 4  
1 5  
1 6  
1 7  ' 

18 
1 9  

1Iours t o  Hatch R e s i d e n t  T i m e  R a t g  
( t )  ( r )  
93.0 .65  
78.5 . 7 7  
6 8 . 1  .88 
6 0 . 2  1 .00  
53.7 1.12 
48.4 1 . 2 4  
4 2 . 2  1 . 3 9  
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I n  t h i s  i n s t a n c e ,  e a c h  sample  v a l u e  "x. . I '  was m u l t i p l i e d  by t h e  r e s i d e n c e  t i m e  
r a t i o  "r  " a p p r o p r i a t e  t o  e a c h  t e m p e r a $ a r e  " j "  a c c o r d i n g  t o  t h e  f o l l o w i n g  e q u a t i o n :  

j 
x .  = x . ,  r .  
1 1 3  3 

where x . .  = 
xi is  t h a  16OC - s p e c i f i c  e q u i v a l e n t  number o f  e g g s  p e r  1 0  mz, r .  i s  t h e  r a t i o  
t16, t /t j, t 

t h e  number o f  e g g s  p e r  1 0  m2 i n  t h e  " i " t h  sample  and i t s  t e m p e r a t u r e  " j " ,  

i s  t h e  d u r a t i o n  of t h e  e g g  s t a g e ,  f rom spawning t o  h a t c h i n g ,  a t  16OC, and  
i s  t h e ' a u r a t i o n  of  t h e  egg  s t a g e  a t  t e m p e r a t u r e  " j "  i n  t h e  same t i m e  u n i t s  a s  t16. 

j 
3 .5 .2 .  Tempera ture  Dependent  L a r v a l  Growth R a t e  

L a r v a l  growth  i s  d e p e n d e n t  on  t e m p e r a t u r e  a s  w e l l  a s  food .  I n  s a r d i n e ,  t h e  food  
used  i n  e a r l y  growth  comes from t h e  yolk, as  opposed t o  f e e d i n g  s u c c e s s .  Thus,  a 
t a b l e  showing t h e  e f f e c t  of t e m p e r a t u r e  on growth  from h a t c h i n g  t o  t h e  f o r m a t i o n  o f  
a f u n c t i o n a l  jaw c a n  b e  made b a s e d  on  work by L a s k e r  ( 1 9 6 4 ) :  

Tempera ture  

(1)  
1 3 0  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  

Hours t o  J a w  Format ion  

( t )  
1 2 1 . 0  
1 0 1 . 5  

8 1 . 9  
72 .8  
6 3 . 3  
5 5 . 6  
4 9 . 8  

R e s i d e n c e  Time R a t i o  

( r )  
0 . 6 0  
0 . 7 8  
9 . 8 9  
1 . 0 0  
1 . 1 5  
1 . 3 1  
1 . 4 6  

The e q u a t i o n  f o r  c a l c u l a t i n g  t h e  16O- e q u i v a l e n t  abundance  i s  t h e  same a s  f o r  h a t c h -  
i n g  t i m e  ( S e c t i o n  3 . 5 . 1 . ) .  A f t e r  f o r m a t i o n  of t h e  jaw,  t h e  growth  r a t e  w i l l  l i k e l y  

t 
6 75 mm 

t 
EGG LARVAE 

ILI~.LI-II. ~ _ i - l u l I - J  
IO I5 

DAY 

1 2 0 0 ~  EGG LARVAE 
4 75 5 7 5  675mm 

5. 5. .1 

DAY 

F i g u r e  3 . 2 9 .  Apparent  m o r t a l i t y  r a t e  of  s a r d i n e  e g g s  and l a r v a e  e x p r e s s e d  on a 
l o g a r i t h m i c  s c a l e  and a n  a r i t h m e t i c  s c a l e  ( d a t a  from Ahlstrorn,  
1 9 5 4 ) .  
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b e  d e p e n d e n t  on  f e e d i n g  s u c c e s s  a s  w e l l  a s  t e m p e r a t u r e ,  which makes i t  more d i f f i -  
c u l t  t o  measure  ( S e c t i o n  3 .5 .3 .  ) . 
3.5.3.  Food-Dependent Growth Rate 

A t  p r e s e n t ,  t h e r e  a r e  no a c c u r a t e  methods f o r  d e t e r m i n i n g  t h e  food-dependent  
growth  r a t e ,  n o r  f o r  d e t e r m i n i n g  f e e d i n g - s u c c e s s  i n  terms 01 abundance and composi- 
t i o n  o f  food  p a r t i c l e s  i n  t h e  f i e l d .  "Cohor t  b i r t h "  methods o f  d e t e r m i n i n g  t h i s  
v a l u e  w i l l  be  b i a s e d  b e c a u s e  o f  t h e  p r o b a b i l i t y  t h a t  s m a l l e r  members o f  t h e  c o h o r t ,  
a t  t h e  o n s e t  o f  f e e d i n g ,  w i l l  p r o b a b l y  be  m o r e  l i k e l y  t o  s t a r v e  t h a n  t h e  l a r g e r  l a r v a e  
b f  t h e  same c o h o r t  (Kramer a n d  i w e i f e l ,  1 9 7 0 ) .  A. lso ,  rile 111orc a c t i v c  and l a r g e r  l a r v a e  
o f  a g i v e n  c o h o r t  may a t t r a c t  more p r e d a t i o n  t h a n  tllc s m a l l e r  more p a s s i v e  l a r v a e .  

3 . 5 . 4 .  M o r t a l i t y  E s t i m a t e s  

v a l u e s  i l l u s t r a t e  one  method o f  d e t e r m i n i n g  m o r t a l i t y  , . a t e :  
One a t t e n l p t  a t  deriving c r u d e  i i i o r t a l i t y  r a t e s  was made by  Ahls t rom ( 1 9 5 1 ) .  These 

Eggs Larvae  
E a r l y  Middle  L a t e  3 . 0 0  4.75 5.75 6.75mm 
1044 734 385 395 234 5 6  2 2  2 

I nd i v i a ua 1 s /  1 Om 

Days a t  S t a g e  1 1 1 2 . 4  4.8 3.9 3.3 

I n d i v i d u a l s  p e r  d a y  1 0 4 4  734 385 1 6 5  49 1 4  7 

Age a t  m i d - p o i n t  . 5  1 . 5  2 . 5  4 . 2  7 .8  12.15 15.75 d a y s  

F i g u r e  3.29 i l l u s t r a t e s  t h i s  c r u d e  m o r t a l i t y  r a t e  on  t h e  l o g a r i t h m i c  scale  and t h e  
a r i t h m e t i c  scale .  The d a t a  a re  d e r i v e d  from T a b l e  3 .17 .  A t  i n t e r p r e t a t i o n  of  a n  
a v e r a g e  l i n e  o f  t h i s  k i n d  i s  t h a t  i t  r e p r e s e n t s  " a v e r a g e "  c o n d i t i o n s  r e l a t i v e  t o  food  
and t e m p e r a t u r e .  F u t u r e  w o r k  on  f e e d i n g  and growth  i n  t h e  f i e l d  may a l l o w  d i r e c t  
measurements  of t h e  food  d e n s i t y  and t h e  i n t e r p r e t a t i o n  o f  d e v i a t i o n s  from t h i s  
c r u d e  mor ta1 i t .y  c u r v e  a s  e x p l a i n e d  by t e m p e r a t u r e  and food d e n s i t y .  Another  b i a s  
w a s  p o i n t e d  o u t  by I s a a c s  ( 1 9 6 5 ) .  S i n c e  v u l n e r a b i l i t y  t o  c a p t u r e  g e n e r a l l y  de-  
creases r a p i d l y  i n  t h e  f e e d i n g - l a r v a  s t a g e s ,  a n  e x p l a n a t i o n  f o r  i n c r e a s e d  c a t c h e s  
o f  l a r g e  l a r v a e  may be t h a t  t h o s e  l a r v a e  which have  s t a r v e d  become more v u l n e r a b l e  
t o  c a p t u r e .  F u r t h e r  r e s e a r c h  i s  needed i n  t h e  a rec i  o f  f o o d - s p e c i f i c  r e s i d e n c e  t i m e ,  
b e c a u s e  growth  may b e  a r r e s t e d  d u r i n g  s t a r v a t i o n  which l e a d s  t o  a n o t h e r  u n e v a l u a t e d  
s o u r c e  o f  error. 

3.6.  Spawning B i o m a s s  E s t i m a t e s  

8 

The f u n d a m e n t a l  r e l a t i o n s h i p  between t h e  i c h t l i y o p l a n k t o n  s u r v e y  and t h e  spawn- 
i n g  b iomass  o f  a g i v e n  f i s h  s t o c k  i s :  

B = P  
C 
- 

"B" i s  t h e  spawning b iomass  o f  t h e  f i s h  s t o c k ,  " C "  i s  t h e  c e n s u s  e s t i m a t e  o f  t h e  egg 
p r o d u c t i o n ,  and  "P" i s  t h e  c a p a c i t y  f o r  p r o d u c t i o n  o f  e g g s  by a u n i t  w e i g h t  o f  f i s h  
s t o c k .  The p r o d u c t i o n  of e g g s  i s  d e t e r m i n e d  by t h e  f e c u n d i t y  of  m a t u r e  f e m a l e s  ex-  
p r e s s e d  a s  e g g s  produced  p e r  u n i t  t i m e  p e r  u n i t  w e i g h t  and t h e  p r o p o r t i o n ,  by 
w e i g h t ,  of t h e  m a t u r e  s t o c k  made IJP o f  spawning f e m a l e s  w i t h i n  e a c h  u n i t  t i m e .  The 
a p p r o p r i a t e  c e n s u s  es t imate  <.,f egy p r o d u c t i o n  i s  o b t a i n e d  by knowing t h e  mean abun- 
d a n c e  o f  e g g s  i n  t h e  spawnirig a r e a ,  t h e  mean r e s i d e n c e  t i m e  o f  t h e  e g g s  i n  t h e  w a t e r  
column,  and t h e  f r e q u e n c y  o f  t h e  eg4 c e n s u s  c r u i s e s .  

The f a c t o r s  on  which d i r e c t  e s t i m a t i o n s  o f  spawning b iomass  depend are  n o t  y e t  
w e l l  enough known f o r  m o s t  s t o c k s  t o  a l low es t imates  o f  spawning b iomass  from i c h t h y e  
p l a n k t o n  s u r v e y s .  The e s t a b l i s h m e n t  o f  c r u d e  t r i a l  v a l u e s  f o r  e a c h  p a r a m e t e r  o f  f e -  
c u n d i t y  and t h e  s u b s e q u e n t  r e f i n e m e n t  o f  t h e s e  va1.ues t o  u s e f u l  l e v e l s  o f  a c c u r a c y  
and known l e v e l s  o f  p r e c i s i o n  s h o u l d  be among t h e  p r i m a r y  g o a l s  o f  i c h t h y o p l a n k t o n  
r e s e a r c h .  Most of t h i s  m a n u a l - i s  d i r e c t e d  toward  o b t a i n i n g  f i e l d  e s t i m a t e s  of  egg  
p r o d u c t i o n  and a n a l o g o u s  l a r v a  d a t a  f rom i c h t h y o p l a n k t o n  s i i r v e y s .  The p r o c e d u r e s  
f o r  d e t e r m i n i n g  p o p u l a t i o n  f e c u n d i t y  a r e  n o t  a s  w e l l  known and i n c l u d e  t h e  q u e s t i o n s :  

1) How many e g g s  a r e  spawned by m a t u r e  f e m a l e s  p e r  u n i t  w e i g h t  p e r  u n i t  t i m e ?  

2 )  What p r o p o r t i o n  o f  t h e  m a t u r e  f e m a l e s  a r e  spawning a t  any g i v e n  t i m e ?  
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How f r e q u e n t l y  d o e s  t h e  a v e r a g e  f e m a l e  Spawn? 

Over what  p e r i o d  o f  t i m e  d o e s  e a c h  m a t u r e  f e m a l e  i n  t h e  p o p u l a t i o n  spawn 
o n c e ?  

What i s  t h e  s e a s o n a l  d i s t r i b u t i o n  o f  spawning? 

What i s  t h e  g e o g r a p h i c  d i s t r i b u t i o n  of spawninq by s e a s o n ?  

To what  d e g r e e  d o e s  spawninq r a t e  o r  a b s o l u t e  f e c u n d i t y  depend on  e n v i r o n -  
m e n t a l  c o n d i t i o n s  s u c h  as  amount and a v a i l a b i l i t y  o f  f o o d ?  

What i s  t h e  t y p e  and e x t e n t  o f  v a r i a n c e  f o r  t h e  above  f a c t o r s ?  

U n t i l  a n s w e r s  a r e  found t o  t h e  q u e s t i o n s  a b o v e ,  t h e r e  a r e  ways o f  o b t a i n i n g  
p r e l i m i n a r y  es t imates .  The s i m p l e s t  ( S m i t h ,  1972)  i s  t o  assume t h a t  t h e  l a r v a l  
i n d e x  i s  p r o p o r t i o n a l  t o  t h e  spawning b iomass  a l o n e .  The e q u a t i o n  o f  p r o p o r t i o n -  
a l i t y  i s  t h e n  e s t a b l i s h e d  u s i n g  a n  i n d e p e n d e n t  e s t i m a t e  o f  spawning b i o m a s s ,  such  a s  
o b t a i n e d  by an a n a l y s i s  o f  t h e  c a t c h  from e a c h  y e a r  c l a s s  o v e r  t h e  t i m e  it is i n  t h e  
f i s h e r y  (Murphy, 1 9 6 6 ) .  T h i s  s i m p l e  e q u a t i o n  i s  t h e n  used  t o  e x t e n d  t h e  spawning 
b iomass  es t imates  i n t o  p e r i o d s  when t h e  e n t i r e  y e a r  c l a s s  h a s  n o t  y e t  been  c a p t u r e d .  

Another  method f o r  e s t i m a t i n g  spawning b i o m a s s ,  i s  t o  d e t e r m i n e  t h e  f e c u n d i t y  o f  
m a t u r e  f e m a l e s  p e r  u n i t  w e i g h t  and t o  a r b i t r a r i l y  a s s i g n  a r e a s o n a b l e  number o f  
spawnings  p e r  y e a r  (Smi th ,  1 9 7 2 ) .  T h i s  h a s  been t h e  p r i m a r y  a p p r o a c h  o f  t h e  i c h t h y o -  
p l a n k t o n  s u r v e y s  f o r  t h e  P a c i f i c  s a r d i n e .  Analogous methods have been a t t e m p t e d  f o r  
t h e  n o r t h e r n  anchovy.  The i m p o r t a n t  a d v a n t a g e  of  t h e s e  p r e l i m i n a r y  a t t e m p t s  a t  t h e  
a s s e s s m e n t  o f  f i s h  s t o c k  s i z e  is t h a t  t h e y  may be done w i t h  a minimum o f  i n f o r m a t i o n .  
The b a s i c  e x p e n s e  of t h e s e  estimates i s  h i g h  f o r  t h e  p r i m a r y  s p e c i e s ,  b u t  t h e  a d d i -  
t i o n  o f  new s p e c i e s  t o  t h e  r e g i o n a l  c e n s u s  is r e l a t i v e l y  i n e x p e n s i v e .  I f  t h e  g e n e r a l  
r e l a t i o n s h i p  between t h e  l a r v a l  i n d e x ,  o r  egg  c e n s u s  and spawning b iomass  i s  s u f f i c i -  
e n t l y  r o b u s t ,  t h e  method w i l l  c o n t i n u e  t o  p r o v i d e  a s u i t a b l e  check  on  c a t c h  a n a l y s i s  
and l e n d  s u p p o r t i v e  d a t a  f o r  a c o u s t i c  and a e r i a l  s u r v e y s .  

3 .7 .  F e c u n d i t y  

The p r i m a r y  l i n k a g e  be tween q u a n t i t a t i v e  es t imates  o f  spawning i n t e n s i t y  and  
c o v e r a g e  and  estimates o f  t h e  s i z e  o f  t h e  spawning s t o c k  i s  f e c u n d i t y  ( S a v i l l e ,  1 9 6 4 ) .  
For  new spawning s u r v e y s  on  r e l a t i v e l y  u n f i s h e d  s t o c k s ,  it a p p e a r s  t o  b e  n e c e s s a r y  
t o  b e g i n  t h r e e  p h a s e s  o f  f e c u n d i t y  s t u d y .  B e f o r e  any  f e c u n d i t y  s t u d i e s  have been  
done ,  t h e  v a r i a t i o n s  i n  spawning i n t e n s i t y  are  i n t e r p r e t e d  a s  c h a n g e s  o f  spawning 
b iomass ,  f e c u n d i t y  and s a m p l i n g  e r r o r  w i t h  t h e  l a t t e r  t w o  assumed t o  be smal l  ' 

r e l a t i v e  t o  b iomass  c h a n g e s .  The f i r s t  p h a s e  o f  t h e  s t u d y  o f  f e c u n d i t y  f o r  t h e  
p u r p o s e  o f  s e t t i n g  r e a l i s t i c  l i m i t s  t o  spawning b iomass  e s t i m a t e s  i s  t o  d e t e r m i n e  
t h e  number o f  "advanced e g g s "  p e r  gram of spawning f e m a l e  (MacGregor, 1 9 6 8 ) .  The 
second p h a s e  i s  t o  d e t e r m i n e  t h e  p r o b a b i l i t y  o f  a f e m a l e  a t t a i n i n g  s p a w n i n g . c o n d i -  
t i o n  by month or  s e a s o n .  A t h i r d  p h a s e  might  b e  t o  u n d e r s t a n d  t h e  v a r i a t i o n s  i n  
f e c u n d i t y  f rom y e a r - t o - y e a r ,  p a r t i c u l a r l y  i n  t h e  number o f  b a t c h e s  spawned p e r  
y e a r  o r  a l t e r n a t i v e l y  t h e  mean t i m e  between a d j a c e n t  b a t c h e s  d u r i n g  t h e  spawning 
s e a s o n .  

An example o f  t h e  u s e  of a n  egg  or a l a r v a  c e n s u s  es t imate  w i t h  a n  i n d e p e n d e n t  
es t imate  o f  t h e  spawning b iomass  of a s p e c i e s  w a s  i l l u s t r a t e d  i n  S e c t i o n  2 .  The 
t i m e  series o f  egg  o r  l a r v a  c e n s u s  e s t i m a t e s  may a l s o  be  u s e d  a l o n e  t o  i n d i c a t e  t i m e  
series t r e n d s  i n  t h e  r e l a t i v e  spawning s t o c k  s i z e .  E s t i m a t e s  o f  a b s o l u t e  spawning 
s t o c k  b iomass  may be  o b t a i n e d  if d a t a  e x i s t  on  t h e  egg  p r o d u c t i o n  r a t e  o f  f e m a l e s  
o v e r  a w e l l - d e f i n e d  p e r i o d  ( f o r  example ,  a month or  a y e a r ) ,  t h e  p r o p o r t i o n  o f  
t o t a l  spawning b iomass  which i s  m a l e ,  t h e  m o r t a l i t y  r a t e  o f  t h e  e g g s  and l a r v a e ,  
and egg  o r  l a r v a  c e n s u s  estimates which e x t e n d  beyond t h e  spawning r e g i o n  t h r o u g h  
t h e  t i m e  o f  spawning.  

Much of t h e  f e c u n d i t y  i n f o r m a t i o n  may b e  o b t a i n e d  from t h e  c a t c h  t h r o u g h  m a r k e t  
s a m p l i n g ,  from t h e  i n c i d e n t a l  c a t c h  t h r o u g h  s a m p l i n g  " t r a s h  f i s h "  a t  sea, and s i m i -  
l a r l y  f rom e x p l o r a t o r y  s u r v e y s .  The number o f  e g g s  p e r  spawning p e r  gram o f  f e m a l e  
c a n  u s u a l l y  be  d e t e r m i n e d  s a t i s f a c t o r i l y  from a s m a l l  sample  (MacGregor, 1 9 6 8 ) .  The 
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biomass  s e x  r a t i o  c a n  s i m i l a r l y  b e  e s t i m a t e d  from marke t  o r  sea s u r v e y  s a m p l e s .  
MacGregor (1968)  found t h e  mean and s t a n d a r d  e r ror  f o r  1 9  f e m a l e  a n c h o v i e s  w a s  
574 + 1 0 %  ( 9 5 %  f i d u c i a l  l i m i t s )  e g g s  p e r  gram o f  spawning f e m a l e .  T h i s  would 
t r a n s l a t e  t o  5.74 x 108  e g g s  p e r  metric t o n  o f  f e m a l e  b iomass  p e r  spawning.  I f  
t h e  male b iomass  i s  75% of t h e  f e m a l e  b iomass ,  t h e  p o p u l a t i o n  f e c u n d i t y  r a t e  s h o u l d  
b e  t h e  same number o f  e g g s  p e r  1 . 7 5  metr ic  t o n  of a d u l t ,  o r  3.28 x lo8 e g g s  p e r  
metric t o n  o f  a d u l t  p e r  spawning.  I f  t h e  a d u l t s  may b e  e x p e c t e d  t o  spawn t w o  t o  
t h r e e  t i m e s  p e r  y e a r ,  t h e  e g g s  ( X = 2 4 )  would be  8.00 x 108 e g g s  p e r  metric t o n  o f  
a d u l t  p e r  y e a r .  

Smi th  (1972)  compared t h r e e  h y p o t h e t i c a l  models  o f  anchovy spawning t o  check  
t h e  s e n s i t i v i t y  o f  spawning b iomass  es t imates  t o  t h o s e  u n c e r t a i n t i e s  a b o u t  t h e  
v a r i a b i l i t y  i n  spawning b e h a v i o r  i n  t h e  c o n t e x t  of t h e  i n c r e a s e  i n  spawning b i o -  
m a s s  o f  t h e  n o r t h e r n  anchovy.  The f i r s t  model p o s t u l a t e d  a s t a b l e  r e l a t i o n s h i p  
be tween t h e  a n n u a l  l a rva l  c e n s u s  and t h e  spawning b iomass .  The second model p o s t u -  
l a t e d  t h e  s i n g l e  spawning o f  e a c h  f e m a l e  i n  t h e  w i n t e r  q u a r t e r  and d o e s  n o t  r e s p o n d  
t o  s u b s e q u e n t  v a r i a t i o n  i n  spawning i n  t h e  r e m a i n i n g  s e a s o n s .  The t h i r d  model 
p o s t u l a t e d  t h e  s i n g l e  spawning of e a c h  f e m a l e  i n  a maximum q u a r t e r  ( w i n t e r  o r  s p r i n g  
i n  t h i s  i n s t a n c e ) .  There  were no a p p a r e n t  d i f f e r e n c e s  i n  t h e  e s t i m a t i o n  of  spawning 
b iomass  b u t  t h e  a n n u a l  f i g u r e  w a s  s u b j e c t  t o  t h e  l e a s t  v a r i a t i o n  and t h e  "maximum" 
s e a s o n  w a s  s u b j e c t  t o  t h e  m o s t  v a r i a t i o n .  Thus,  t h e  a n n u a l  f i g u r e  w a s  c h o s e n  a s  t h e  
most r e p r e s e n t a t i v e  and s t a b l e .  

I n  a s i m i l a r  e v a l u a t i o n  o f  t h e  P a c i f i c  s a u r y  ( S m i t h ,  Ahls t rom and Casey ,  1 9 7 0 ) ,  
t h e  b i m o n t h l y  spawning maximum w a s  c h o s e n  b e c a u s e  o f  (1) c lea r  s h i f t s  i n  t h e  s e a s o n -  
a l i t y  o f  spawning;  ( 2 )  m i g r a t i o n  and spawning o u t s i d e  t h e  s u r v e y  area i n  some 
months: and ( 3 )  e v i d e n c e  from t h e  t r a n s p a c i f i c  s t o c k  of t h i s  s p e c i e s  t h a t  t h e  egg 
b a t c h e s  c a n  b e  matured  e a c h  t w o  months.  ( H a t a n a k a ,  1956)  

The P a c i f i c  hake spawn o n l y  i n  t h e  CalCOFI g r i d  a r e a  i n  a s h a r p  peak  a t  t h e  
same t i m e  e a c h  y e a r .  R e l a t i v e  spawning b iomass  h a s  been  c a l c u l a t e d  by i n t e g r a t i o n  
from December t o  A p r i l ,  c r u i s e s  i n  J a n u a r y - F e b r u a r y ,  and c r u i s e s  i n  J a n u a r y ,  Febru-  
a r y  a n d  March. R e l a t i v e  t o  t h e  n a t u r a l  f l u c t u a t i o n  i n  t h e  1951-60 p e r i o d ,  t h e  
e r r o r s  o f  es t imate  from t h e  less  c o m p l e t e  s u r v e y s  a p p e a r  t o  be  s a t i s f a c t o r y .  

Advanced r e s e a r c h  on  t h e  f e c u n d i t y - s p a w n i n g  s e a s o n  problem s h o u l d  be b a s e d  on  
t h e  spawning c h a r a c t e r i s t i c s  o f  t h e  i n d i v i d u a l  s p e c i e s  or d e t e r m i n e d  from i c h t h y o -  
p l a n k t o n  s u r v e y s  and i n s p e c t i o n  o f  a d u l t  gonads .  The p o p u l a t i o n  and i n d i v i d u a l  
f e c u n d i t y  c h a r a c t e r i s t i c s  t o  be  d e t e r m i n e d  c a n  b e  e x p e c t e d  t o  v a r y  by major f i s h  
g r o u p  and by l a t i t u d e .  For  example ,  more or  less c o n t i n u a l  spawning might  b e  
e x p e c t e d  i n  t h e  t r o p i c s  and h i q h l y  s e a s o n a l  spawning c o u l d  b e  e x p e c t e d  i n  b o r e a l  
zones .  I f  spawning is  e s s e n t i a l l y  c o n t i n u o u s ,  t h e  p r i m a r y  d a t a  t o  be  c o n s i d e r e d  
i s  t h e  egg  p r o d u c t i o n  p e r  gram o f  f e m a l e  p e r  u n i t  t i m e .  A s i n g l e  a n n u a l  spawning 
s u r v e y  would be  s u f f i c i e n t  f o r  t h i s  spawning b e h a v i o r .  I f  e a c h  spawning f e m a l e  
spawns a s i n g l e  b a t c h  o f  e g g s  i n  a w e l l - d e f i n e d  s e a s o n ,  t h e n  t h e  b iomass  estimate 
i s  d e r i v e d  from a few s u r v e y s  d u r i n g  t h e  spawning s e a s o n .  The m o s t  c o m p l e t e  s u r v e y s  
and d a t a  on  i n d i v i d u a l  f e c u n d i t y  and p o p u l a t i o n  spawning b e h a v i o r  are  r e q u i r e d  when 
t h e r e  i s  m u l t i p l e  spawning a t  v a r y i n g  t i m e s  d u r i n g  t h e  y e a r  a n d  between y e a r s .  The 
p r i m a r y  d a t a  r e q u i r e d  i s  t h e  egg  p r o d u c t i o n  p e r  gram o f  f e m a l e  p e r  b a t c h  o f  e g g s  
and t h e  minimum t i m e  between r e p e t i t i v e  spawnings .  

Fundamental  r e s e a r c h  on spawning i s  r e q u i r e d  f o r  t h e  d i r e c t  u s e  of egg  and 
l a r v a  s u r v e y s  i n  t h e  d i r e c t  a b s o l u t e  es t imate  o f  spawning b iomass  o f  any g i v e n  
s p e c i e s .  I n  many s p e c i e s ,  e v e n  i n d i r e c t  es t imates  o f  spawning b iomass  o b t a i n e d  
from spawning s u r v e y s  may be  t h e  b e s t  a v a i l a b l e  f o r  u n f i s h e d  o r  u n d e r u t i l i z e d  s p e c i e s .  

3.8.  A l t e r n a t i v e  Q u a n t i t a t i v e  I c h t h y o p l a n k t o n  Samplers  

The " s l o w "  Bongo n e t  s y s t e m  i s  r e c o g n i z e d  h e r e  a s  t h e  b e s t  t y p e  o f  s a m p l e r  f o r  
u s e  i n  q u a n t i t a t i v e  i c h t h y o p l a n k t o n  s u r v e y s .  However, o t h e r  s y s t e m s  may be  u s e d  
and  p r o d u c e  a c c e p t a b l e  r e s u l t s ,  p r o v i d e d  t h e y  are u s e d  i n  a r i g o r o u s l y  s p e c i f i e d  

( S e c t i o n  3 . 9 . ) .  
' r o u t i n e .  I n  many i n s t a n c e s ,  r e s u l t s  a re  comparable  t o  t h o s e  o b t a i n e d  by Bongos 

Some o f  t h e s e  a l t e r n a t i v e  s y s t e m s  have  been i n  u s e  f o r  many y e a r s .  Thus,  it 



might  b e  a d v i s a b l e  t o  c o n t i n u e  u s i n g  a n  a l t e r n a t i v e  sampl ing  s y s t e m ,  p a r t i c u l a r l y  i f  
s a m p l i n g  per formance  h a s  been  wel l -documented over a l o n q  t i m e  p e r i o d ,  u n t i l  t r a n s -  
f e r  t o  t h e  s t a n d a r d  equipment  seems c l e a r l y  a d v a n t a g e o u s .  A l s o ,  t h e r e  may be l e g i t i -  
mate c o n c e r n  t h a t  t h e  f u l l - s c a l e  s a m p l i n g  s y s t e m  recommended h e r e  would be  beyond 
t h e  s c o p e  o f  t h e  b e g i n n i n g  i c h t h y o p l a n k t o n  program. 

The major  source of  i m p r e c i s i o n  f o r  e a c h  s a m p l e r  w i l l  be t h e  m i c r o d i s t r i b u t i o n  
p a t t e r n  ( S e c t i o n  3.4.) o f  t h e  e g g s  and larvae.  D i f f e r e n c e s  between s a m p l e r s  w i l l  
p r i m a r i l y  b e  r e l a t e d  t o  v o l u m e t r i c  s a m p l i n g  ( S e c t i o n  3 . 2 . ) ,  i . e . ,  volume and d e p t h  
d i s t r i b u t i o n  o f  water f i l t e r e d ,  t h e  r a t e s  o f  a v o i d a n c e  i n  day  and n i g h t  t o w s ,  and 
t h e  ra tes  o f  escapement  and e x t r u s i o n  t h r o u g h  t h e  meshes.  

T h i s  s e c t i o n  i s  n o t  i n t e n d e d  t o  d e s c r i b e  t h e s e  a l t e r n a t i v e  s a m p l e r s .  ( R e f e r -  
e n c e s  a r e  p r o v i d e d  i n  t h e  t e x t . )  R a t h e r ,  t h e  purpose  i s  t o  r e v i e w  a d v a n t a g e s  and 
d i s a d v a n t a g e s  of  t h e  major  t y p e s  o f  a l t e r n a t i v e  sampl ing  s y s t e m s ,  r e l a t i v e  t o  t h e  
Bongos, which may b e  used  i n  q u a n t i t a t i v e  i c h t h y o p l a n k t o n  s u r v e y s .  

3.8.1.  O b l i q u e  Tow N e t s  w i t h  B r i d l e s  

Many 1 . 0  m and 0.5 m n e t s  have  been d e s i g n e d  aI1.d many a r e  i n  u s e  t o  
day.  D e s c r i p t i o n s  of some o f  t h e s e  a r e  p r o v i d e d  by T r a n t e r  and Smith ( 1 9 6 8 ) .  One 
long-used  example o f  t h i s  t y p e  of n e t  i s  t h e  CalCOFI n e t  ( K r a m e r  e t  a l ,  1 9 7 2 )  
which c o n s i s t s  o f  a c y l i n d r i c a l - c o n i c a l  n e t  a t t a c h e d  t o  a one-meter  r i n g .  

The c h i e f  a d v a n t a g e  o f  t h i s  t y p e  o f  n e t  i s  t h e  s i m p l e  and i n e x p e n s i v e  b r i d l e  
and r i n g  used  t o  l a u n c h  and r e t r i eve  t h e  n e t  from t h e  w a t e r .  T h i s  p r o c e s s  can  even 
be done  by hand,  i f  n e c e s s a r y .  

The main d i s a d v a n t a g e ,  r e l a t i v e  t o  t h e  Bongo n e t ,  i s  t h e  b r i d l e  p r e c e d i n g  t h e  
n e t  which c a u s e s  d i r e c t e d  water d i s t u r b a n c e s  and r e s u l t s  i n  i n c r e a s e d  a v o i d a n c e .  
Problems a s s o c i a t e d  w i t h  v a r i o u s  t y p e s  o f  m a t e r i a l s  used  f o r  t h e  n e t t i n g  a re  d i s -  
c u s s e d  by Heron,  1968. 

3.8.2. V e r t i c a l  Tow N e t s  w i t h  B r i d l e s  

The f i r s t  and mostcommonly used  n e t  which was d e s i g n e d  t o  b e  towed v e r t i c a l  
w a s  t h e  Hensen Egg n e t  (Hensen, 1895;  Simpson 1959, S a n t a n d e r  and d e  C a s t i l l o ,  
1 9 6 9 ) .  

B r i d l e d  1.0m and 0.5m n e t s  a l s o  f i t  i n t o  t h i s  c a t e g o r y  when h a u l e d  v e r t i c a l  
T h i s  t y p e  o f  sampl ing  s y s t e m  i s  g e n e r a l l y  used  i n  s h a l l o w  d e p t h s .  

The main a d v a n t a s e  o f  v e r t i c a l  t o w  n e t s  a re :  (1) s i m p l i c i t y  i n  c o n s t r u c t i o n  and 
( 2 )  
a r e a  o f  sea s u r f a c e .  

e a s e  w l t h  which t o w  r e s u l t s  may be  c o n v e r t e d  t o  numbeks of o r g e n i s m s  p e r  u n i t  

The c h i e f  d i s a d v a n t a g e  i s  t h e  common p r a c t i c a l  l i m i t a t i o n  of e q u a l  sampl ing  p e r  
u n i t  d e p t h .  O t h e r  d i s a d v a n t a g e s  i n c l u d e :  (1) t h e  sample i s  t a k e n  from water  d i s -  
t u r b e d  by t h e  towing  b r i d l e  a l l  t h e  way t o  t h e  s h i p ,  t h u s  a v o i d a n c e  may be g r e a t ;  
( 2 )  t h e  r o l l i n g  o f  t h e  s h i p  mdy a l t e r n a t - e l y  p u l l  t h e  n e t  up r a p i d l y  and t h e n  l e t  i t  
f a l l ,  t h u s  e x t r u d i n g  o r g a n i s m s  t h r o u g h  t h e  meshes on t h e  a s c e n t  and e x p e l l i n g  them 
from t h e  mouth o f  t h e  n e t  on c iescent ;  ( 3 )  t h o s e  n e t s  h a v i n g  a s m a l l  mouth res t r ic t  
t h e  s i z e  o f  t h e  sample  t h a t  c a n  b e  t a k e n .  , 
3 . 8 . 3 .  High-speed N e t s  

High-speed n e t s ,  d e s i g n e d  t o  be  towed f a s t e r  t h a n  t h r e e  k n o t s ,  a r e  s t i l l  b e i n g  
d e v e l o p e d  and t e s t e d .  Some s t a n d a r d  forms have e v o l v e d  ( F i g .  3 . 3 0 ) ,  e , g . ,  t h e  
Gulf  I11 ( G e h r i n g e r ,  3952,  1962)  and m o d i f i c a t i o n s  of it ( B r i d q e r ,  1958: N e l l e n  and 
Hempel, 1969;  Z i j l s t r a ,  1970;  Hard ing  and A r n o l d ,  1 9 7 1 ) .  The newer h igh-speed  n e t s  
a p p e a r  t o  b e  s a t i s f a c t o r y  for  e s t i m a t i n g  spawning b iomass  ( B j o r k e ,  Dragesund,  and 
U l l t a n g ,  1974;  Gjosaeter and S a e t r e , 1 9 7 4 ;  Postuma and Z i j l s t r a ,  1974;  S a v i l l e ,  Baxter ,  
and  McKay, 1974;  Schnack ,  1 9 7 4 ) .  

One a d v a n t a g e  o f  t h e  h igh-speed  t y p e  n e t  i s  t h a t  it a l lows  one t c  make headway 
t o  t h e  n e x t  s t a t i o n  d u r i n g  t h e  t o w ,  t h e r e b y  s a v i n g  s h i p  t i m e  and money. Other  
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F i g u r e  3.30. S c a l e  d r a w i n g s  of  t h r e e  h igh-speed  s a m p l e r s  used  i n  t h e  I C E S  
( I n t e r n a t i o n a l  C o u n c i l  f o r  E x p l o r a t i o n  o f  t h e  S e a )  L a r v a l  H e r r i n g  Survey  
Program i n  t h e  Nor th  Sea .  TOP) Dutch Gulf  I11 ( G e h r i n g e r ,  1952;  B r i d g e r ,  
1958;  Z i j l s t r a ,  1970)  Th& n e t  i s  o f  0 . 4  mm n y l o n  mesh and i s  suspended  on 
t h e  f rame shown below t h e  body of t h e  s a m p l e r  and t h e  f rame i s  i n s i d e  t h e  
s a m p l e r  body when under  t o w .  M I D D L E )  The L o w e s t o f t  High-speed P l a n k t o n  
Sampler  ( B e v e r t o n  and Tungate ,  1 9 6 7 ;  Harding and A r n o l d ,  1971)  The n e t  i s  
o f  0 . 3  mm n y l o n  mesh. BOTTOM) German t y p e  h igh-speed  n e t  " N a c k t h a i "  ( N e l l e n  
and Hempel, 1969)  The n e t  i s  o f  0 . 3  mm n y l o n  mesh. The n e t  d i f f e r s  f rom 
t h e  n e t s  above  by t h e  a b s e n c e  of a c a s i n g  s u r r o u n d i n g  t h e  n e t .  All t h r e e  
n e t s  are f i s h e d  a t  a towing  s p e e d  of f i v e  k n o t s  and t h e  d o u b l e  o b l i q u e  t o w  
t o  w i t h i n  f i v e  m o f  t h e  bot tom i s  a c c o m p l i s h e d  by p a y i n g  o u t  and r e c o v e r i n g  
t h e  t o w i n g  c a b l e  a t  c a .  20 meters p e r  minute .  The n e t s  s h o u l d  have  t i m e  
d e p t h  r e c o r d e r s  and f l o w m e t e r s .  
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a d v a n t a g e s  i n c l u d e :  ( 1 )  t h e  s p e e d s  o f  t o w  a r e  f r e q u e n t l y  h i g h  enough t o  a l l o w  
s e a  c u r r e n t  and wind c o n d i t i o n s  t o  be  Lqnored and trhas a r i g o r o u s l y  c o n t r o l l e d  t o w  
program i s  p o s s i b l e  uri3er s e v e r e  s a x p l i n g  c o n d i t i o n s ;  ( 2 )  l a r g e r  spec imens  o f  t h e  
s p e c i e s  a re  c a u g h t  a l l o w i n g  m o r t a l i t y  r a t e s  t o  be c a l c u l a t e d  f o r  a l a r g e r  p o r t i o n  o f  
t h e i r  p l a n k t o n i c  l i f e .  

D i s a d v a n t a g e s  inc-Iude:  (1) f i l t r a t i o n  p r e s s u r e  i s  oft6.n h i g h  and v a r i a b l e  which 
c a u s e s  damage t o  arid lass o f  s m a l l e r  l a r v a e ;  ( 2 )  t h e  h i g h  s p e e d  r e q u i r e s  a v a r y i n g  
amount o f  c a b l e  f o r  e a c h  i n c r e m e n t  o f  d e p t h  and t h i s  tray miike a s t r a i g h t  t o w  p a t h  
d i f f i c u l t ,  which c o u l d  r e s u l t  i n  o v e r s a m p l i n g  t h e  s u r i a z e  waters;  ( 3 )  t h e  i n i t i a :  
c o s t  of t h e  equipment  a d  t h e  r o r e  c o m p l i c a t e d  methods of  launch  and r e c o v e r y  of t h e  
n e t s  may b e  p r o h i b i t i v e  f o r  smte  s h i p s  and proyrarns;  (4, t.he sinal!  mouth s i ze s  may 
not  a l low enough water  t o  be f i l t e r e d  t o  p i r k  up t h e  l d r g e r  rarer  o r g a n i s m s  which  
h igh-speed  s a m p l e r s  are  i n t e n d e d  t o  c a t c h .  

3.9.  I n t e r c a l i b r a t i o n  o f  Q u a n t i t a t i v e  S a n i p g  __- 

One may wish t o  i n t e r c a l i b r a t e  s a m p l e r s  t o  a l l o w  compar ison  o f  (1) o l d e r  
d a t a  w i t h  t h a t  c u r r e n t l y  b e i n g  c o l l e c t e d ,  ( 2 )  c o o p e r a t i v e  s u r v e y s  u s i n g  d i f f e r e n t  
s a m p l e r s ,  and ( 3 )  s a m p l e r s  which c o l l e c t  some o v e r l a p p i n g  s i z e  c a t e g o r i e s  o f  i c h t h y o -  
p l a n k t o n .  The s t a n d a r d s  of  compar ison  s h o u l d  n o t  d i f f e r  f rom t h e  s t a t i s t i c a l  s t a n -  
d a r d s  one  a p p l i e s  t o  t h e  s u r v e y  r e s u l t s ,  t h e r e f o r e  t h e  e s t i m a t i o n  o f  t h e  number of  
s a m p l e s  r e q u i r e d  c a n  he  d e r i v e d  from T a b l e  3 . 0  (11. 5 2 ) .  The n u m b e r  o f  ' r e p l i c a t e '  
Samples s h o u l d  I ) ?  c : i l i t ~ l ; ~ t c . d  from a t r i a l  s e r i e s  of 5,lInples wit}) b o t h  s n l n p l e r s  o r  
may b e  e s t i m a t e d  froni t l ; c  \ ; i ~ ' i a n c e  i n  t h e  e x i s t i n g  l latn f rom o n e  o f  t h e  s : lmplers .  

The i n t e r c a l i b r a t i o n  must a c c o u n t  f o r  a l l  o f  t h e  major  s o u r c e s  of e r ror :  a v o i d -  
a n c e ,  escapement ,  e x t r u s i o n ,  b i a s e d  sampl ing  o f  t h e  w a t e r  column, and d i f f e r e n t  
scales  o f  sample  s i z e .  Samplers  s h o u l d  b e  compared under  c o n d i t i o n s  which allow t h e  
comparison o f  t h e  mean and v a r i a n c e  p e r  u n i t  s u r f a c e  a r e a  and p a r t i c u l a r l y  t h e  
a b i l i t y  t o  d e t e c t  t h e  b o u n d a r i e s  o f  t h e  g e o g r a p h i c  d i s t r i b u t i o n  For  f i s h  l a r v a e ,  
a comparison o f  t h e  s i z e  c o m p o s i t i o n  of  t.he c a t c h  i s  c r i t i c a l .  I t  is u n l i k e l y  t h a t  
sample f o r m a t s  which change t h e  s c a l e  o f  sampl ing  r a d i c a l l y  w i l l  y i e l d  t h e  same 
sample v a r i a n c e  i n  compar isons  and t h e  s e r v i c e s  o f  a t r a i n e d  s t a t i s t i c i a n  should 
be s o u g h t  f o r  f u r t h e r  t e s t s  of  t h i s  phenomenon. 

The c o m p l e t e  resi:lts of a compar ison  of  a h i y h  speed  sampler  w i t h  a 2 . 5  c m  
o p e n i n g ,  towed i n  a hc . r izonta1  se r ies  a t  1 0 ,  20, 3 0 ,  and 4 0  meters,  and a n  o b l i q u e  
tow w i t h  a one-meter  r i n g  n e t  towed from 70 meters to  t h e  s u r f a c e  is a v a i l a b l e  i n  
Ahlstrom, e t  a 1  (1 .958 ) .  Tn t h i s  t e s t ,  c o n d u c t e d  o v c r  a 72,000 s q u a r e  n a u t i c c i l  m i l e  
a r e a  i n  May of  1 9 5 0 ,  c-tnpdrisoris werr made o f  t o t a l  p1;lnktr)ri volume, s a r d i n e  e g g s  
and l a r v a e ,  arichovy la! v a e ,  jack-mackere l  l a r v a e ,  l a n t e r n f i s h e s  and o t h e r  fLsh  
l a r v a e .  The h o r i z o n t a l  d i s t . r i b u t L o n  maps fi-om t h i s  s t u d y  rire shown i n  F i q u r e  3.31. 
From t h e s e  compar isons  one !-an see t h a t  t h e  c e n t e r s  of abundance and d i s t r i b u t i o n a l  
b o u n d a r i e s  were w r l l - r i p r e s e n t e d  by b o t h  nc.(::;. The h iqh-speed  ni t was u l t i m a t e 1  
r e j e c t e d  b e c a u s e  i t  dici n o t  c a t c h  s u f f i c i e n t  numbers of l a r g e  l a r v a e  i n  i t s  4 0  m 
sample r e l a t i v e  t o  th0L-e c a u g h t  by t h e  l a r i j e r  s l o w e r  n e t  w i t h  a sample l i )  t i m e s  a s  
l a r g e ,  and because  t h e  h igh-speed  towiEg a p p a r a t u s  a t  t h a t  t h e  was n o t  c a p b 1 . e  of  
b e i n g  f i s h e d  t o  tile dei'tth r e q u i r e d  t o  s a m p l ~ .  under- t h e  d i s t r i b u t i o n s  o f  l a r v a e  i n  
t h i s  r e g i o n .  Nonet i ie lvss ,  t.he r e s u l t s  from t h i s  compar ison  c a n  be u s e d  t o  d e s i g n  
a d e q u a t e  c o m p a r i s o n s  o f  st i n d a r d  sanipl r - . r  pc , r formance.  

4; 

3. IO. Design  o f  Survei-5 t o  Minimize C o 3 - t ~  

T a b l e  3 . 1 5  l i s t s  * ) I C  v a r i o u s  c o s t  elemeiirs of  t h e  CalCOFI s u r v e y s .  O b v i o u s l y ,  
t h e  i n c r e a s e d  e f f i c i e p  y o f  s u r v e y s  m u s t  d t  pend on r e d u c i n g  t h e  major  costs  w i t h o u t  
s u b s t a n t i a l l y  reducincr tlie p r e c i s i o n .  C u r s o r y  i n s p e c t i o n  i n d i c a t e s  t h a t  t h e  g r e a t -  
e s t  cost e l e m e n t s  a r e  , h i p t i m e ,  a n m i r i i s t r a t  Lon and t p c h n i c a l  p e r s o n n e l .  B a s i c  re- 
r e d u c t i o n s  i n  s h i p ' s  cclsts car' he  made by:  (1) r e d u c l n y  t h e  number o f  c r u i s e s  p e r  
y e a r ,  ( 2 )  reducing.  t h e  number of  l i n e s  p e r  c r u i s e ,  and ( 3 )  r e d u c i n q  t h e  ntlmber o f  
s t a t i o n s  p e r  l i n e .  The recommended p r o c e d u r e  I S  t o  c o n d u c t  t h o r o u g h  
P L U ~ S P  s c h e d u l e s  i n  t l i  e x p l o r d t (  r y  and a n d l y t l c a l  p h a s e s  o f  t h e  egg and l a r v a  s u r -  
v e y ,  t h e n  use  t h e  d a t  f r o m  t h e s e  p h a s e s  t L  d e s i g r l  t h e  m o s t  e f f e c t i v e  and e f f l c l e r l t  
m o n i t o r i n g  c r u i s e s .  ' is possible t h a t  c m p l c t c  s u r v r y s  need t o  be made o n l y  e a c h  
t w o  o r  t l r r t c  k i ' a r s  W I ~  1 S ~ I L ' F  lernpiitary d a t a  t)eiiig tLi lLtn i n  t h e  i n t e r t m  y e a r s .  
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A l s o ,  it may b e  c o n v e n i e n t  o r  n e c e s s a r y  t o  merge s e a  o p e r a t i o n s  o f  b a s i c  ocean-  
o g r a p h y ,  e x p l o r a t o r y  f i s h i n g ,  a c o u s t i c  s u r v e y s ,  p o l l u t i o n  m o n i t o r i n g ,  o r  d a t a  buoy 
t e n d i n g  w i t h  t h e  o p e r a t i o n s  of egg  and l a r v a  s u r v e y s .  T h i s  c a n  r e s u l t  i n  c o n s i d e r -  
a b l e  s a v i n g s  i n  t h e  sea-going  p h a s e  of  t h e  egg and l a r v a  s u r v e y  o r  a l t e r n a t e l y  may 
p r o v i d e  e x t r a  samples  w i t h  which t o  augment t h e  s t a n d a r d  s u r v e y .  One must t a k e  p r e -  
c a u t i o n s  t h a t  t h e  a d v e n t i t i o u s  s a m p l i n g  program i s  a n  u n b i a s e d  and r e p r e s e n t a t i v e  
se t  o f  samples .  F o r  example,  o n e  might  need  t o  a d j u s t  d a t a  from g r o u p s  of samples  
t a k e n  o n l y  a t  n i g h t  t o  compare w i t h  s a m p l e s  t a k e n  a t  a l l  t i m e s  o f  a 24-hour day.  
Samples  t a k e n  o v e r  a s m a l l  a r e a  may n o t  b e  r e p r e s e n t a t i v e  of  a l a r g e  a r e a .  P r o v i d e d  
t h e  s a m p l i n g  c h a r a c t e r i s t i c s  o f  t h e  j o i n t  s u r v e y s  a re  m u t u a l l y  s a t i s f a c t o r y  t o  t h e  
c o o p e r a t o r s ,  massive s a v i n g s  a r e  p o s s i b l e .  For example ,  t h e  CalCOFI s u r v e y s  have  
p r o f i t t e d  from t h i s  j o i n t  p l a n n i n g  and conduct ,and  t h e  p o t e n t i a l  now e x i s t s  f o r  t h e  
e x t e n s i v e  e n v i r o n m e n t a l  d a t a  t o  b e  u s e d  w i t h  t h e  l a r v a l  s u r v e y  d a t a  t o  d e s i g n  ex-  
p e r i m e n t s  t o  t e s t  t h e  r e l a t i o n s h i p s  among s t o c k  s i z e ,  l a r v a l  s u r v i v a l ,  j u v e n i l e  
s u r v i v a l  and  r e c r u i t m e n t .  

T a b l e  3 . 1 8 .  E s t i m a t e d  c o s t  o f  a decade  of  i c h t h y o p l a n k t o n  s u r v e y s  c o n d u c t e d  
o v e r  3 0 0 , 0 0 0  s q u a r e  n a u t i c a l  m i l e s  o f  t e m p e r a t e ,  e a s t e r n  boundary 
c u r r e n t  o f f  t h e  wes t  c o a s t  Nor th  America ( C a l C O F I  1 9 7 2 - b a s e  d o l l a r s ) .  

CATEGORIES PERSONNEL DAYSIYEAR $ / D A Y  YEARS 

DIRECT SURVEY COSTS 
B i o l o g i c a l  A i d s  9 240 
B i o l o g i c a l  T e c h n i c i a n s  34 240 
F i s h e r y  Biologis t  1 240 
50 m R e s e a r c h  V e s s e l  2 200 

SURVEY INTERPRETATION 
F e c u n d i t y  E s t i m a t e  

B i o l o g i c a l  T e c h n i c i a n  1 240 
F i s h e r y  B i o l o g i s t  1 240 

Tempera ture  S p e c i f i c  H a t c h i n g  and Development Times 
B i o l o g i c a l  T e c h n i c i a n  1 240 
F i s h e r y  B i o l o g i s t  1 240 

Data P r o c e s s i n g  a n d  S t a t i s t i c a l  A n a l y s i s  
F i s h e r y  B i o l o g i s t  1 240 
B i o l o g i c a l  T e c h n i c i a n  1 24C 
Computer T i m e  24C 

Decade T o t a l  
A d m i n i s t r a t i v e  Overhead ( 5 0 % )  

TOTAL 

2 5  1 0  

5 0  1 0  
1 0 0  1 0  

2500 1 0  

50 2 
1 0 0  2 

50 3 
1 0 0 3 

1 0 0  4 

5 0  4 

2 4 

$ 540,000 
4 , 0 8 0 , 0 0 0  

240,000 

10,000,000 

24,000 
48 ,000  

36 ,000  
72,000 

96 ,000  
48,000 

1 , 9 2 0  
1 5 , 1 8 5 , 9 2 0  

7 ,592 ,960  
2 2 , 7 7 8 , 8 8 0  
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