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INTRODUCTION 

Staternent of the Problern.-In a previous communication, Winsor and 
Walford (1936) analyzed the results of repeated vertical hauls of different 
types of plankton nets, making use of data available in the lit erature. They 
concluded that the observed results could be accounted for reasonably well 
on the assumptions that (a) the organisms were randomly distributed in 
the medium and (b) that the volume of medium effectively sampled varied 
from haul to haul. From this result it follows that as the total catch is 
increased (as by increasing the net size) the reliability of a population esti-
mate is ultimately limited by variation in volume sampled; and that where 
such conditions hold, it is useless to attempt greater accuracy by increasing 
either the total catch or the fraction counted much beyond the point where 
100 organisms of the kind in question are counted. 

The data available in the literature did not warrant further attempts at 
analysis. We have felt, however, that it should be possible to go further, 
and to determine to some extent the factors underlying the variability. 
We now present the results of a study of variation in successive and simul-
taneous hauls under various conditions. 

The general problem of the reliability of results obtained by the use of 
plankton nets involves a number of different questions. In the present 

1 Woods Hole Oceanographic Institution Contribution No. 242. 
( 1) 
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paper we shall be primarily concerned with the variation attaching to the 
numbers caught; that is, within what limits may we expect repeated hauls 
in the same body of water to vary? An answer to this problem is evidently 
fundamental in any comparison of observations, and in answering such 
questions as the relative catching power of different nets. 

It is evident, of course, that many other questions arise in evaluating the 
results of plankton hauls. For example, we have questions of the efficiency 
of nets, and how we are to pass from the numbers caught to the numbers 
present in the water. With such questions as these we are not here con-
cerned. 

We shall attempt here, then, to investigate the variability of repeated 
hauls in the same body of water, and the relation of this variability to size 
of net and manner of hauling. 

Two other problems ought to be mentioned, though we shall not be con-
cerned with them to any extent. First, there is the problem of laboratory 
sampling of the catch. This has been treated by others, and there seems to 
be no doubt that when the work is carefully done, variation from this 
source is comparatively small and follows well known probability laws. 
Second, how far in time and space is a particular catch to be taken as 
representative? We shall not discuss this problem, but some of our data 
will perhaps be found to have some bearing on it. 

Material.-We have made use primarily of material of our own collection; 
we have also analyzed published data insofar as we have been able to use it. 
Our O"{Il collections consist of seven sets of hauls, made from the 40 foot 
power boat "Asterias" at locations within a day's run from Woods Hole. 
We are indebted to Mr. Dean F. Bumpus for technical assistance in the 
work at sea and in the subsequent enumeration of the catches. This material 
is more completely described below. In addition, we have made use of data 
published by Gardiner (1931) and Kiinne (1933). 

Enumeration of Catch.-Each catch was diluted, mechanically stirred, and 
sampled as described by Clarke (1933). Those species which were present 
in adequate numbers were counted under the microscope. The following 
routine was adopted for the counting: for each species, counts were made in 
two samples; further samples, up to five, were counted until the total 
counted had exceeded 100. Occasionally, especially with the smaller nets, 
the entire catch of some species was counted. 

Our tables give the estimated total catch for each species, and the number 
of samples counted in each case. The actual numbers counted can be ob-
tained, if desired, by the use of the factors given in the tables. 

The animals enumerated in our work were the following : 
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Calanus finmarchicii.s 
M etridia lucens 
Centropages typicu..s 
Centropages hamatus 
Pseudocalanus minutiis 
Tortanus discaudatus 
E-uthemisto sp. (juvenile) 
Sagitta elegans (up to 22 mm.) 
Limacina retroversa 

Copepods 

Amphipocl 
Chaetognath 
Pteropod 

3 

Jn several instances a species was enumerated by sex, or by development 
stages. We have therefore used the term group to indicate a category of 
animals enumerated separately. 

Statistical Definitions.-We give definitions of certain statistical terms 
which we shall use: 

The variance of a set of numbers is the sum of the squares of their devia-
tions from their mean, divided by one less than their total number. That is: 

S (x - x) 2 

v=----
n-1 

The standard deviation of the set is the square root of the variance. 
Note that we divide by n - 1 rather than by n. 
A basic proposition in probability of which we shall make much use is 

the following: 
Let x and y be independent random variables with mean values zero; 

let the mean values of their squares be rs,} and rs1} ; then the mean value of 
the square of their sum, rs2,, + 11 , is 

Analysis of V ariance.-Given a set of data which can be divided into sub-
sets, we can compare the variation within and between sets by means of the 
arithmetical procedure introduced by R. A. Fisher, known as the analysis of 
variance. Thus, if X1, X2, - - - Xn; y1, y2, - - - Yn; Z1, z2, - - - Zn ; - - ate m sets of 
n observations, we can compare the variability of the means of the sets 
with the variability of the observations within each set. We can thus 
determine whether the means vary significantly more than would be ex-
pected from the within-set variability, and estimate the amount of varia-
bility which has been added to the means. 

OBLIQUE HAULS 

The problem with which we are here concerned is the estimation of the 
variability of plankton catches in a series of parallel hauls, all sampling 
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the same body of water. We are endeavoring to identify variations arising 
from different sources, and to determine the precision which attaches to a 
single observation made under conditions like those of our experimental 
series. We begin with the analysis of a series of oblique hauls, which will 
serve to illustrate our procedure in its simplest form. This series (Series I) 
consisted of twelve hauls, each of 10 minutes duration, made using two 
75 cm. scrim nets (A and B) in succession according to the scheme 
AABBAABB-. The two nets used were of identical construction and 
dimensions. The original analysis was carried through keeping the nets 
distinct; but since no differences between them could be found (as was to be 
hoped), the distinction between them has been ignored in the analysis 
presented here. 

The estimated catches are given in Table I, together with the mean and 
the range of variation for each group. It is apparent that the range of 
variation is very different for the different groups; and that this range is 
roughly proportional to the mean for each group. vVe can also observe a 
tendency for the numbers in any haul to be high or low together, indicating 
factors common to the whole haul affecting all groups in the same direction. 

Under these circumstances, it is both convenient and theoretically 
advantageous to use the logarithm of the catches rather than the catches 
themselves. If we transform to logarithms we get the results found in 
Table IL 

We now propose to assume that the factors determining the numbers in 
this table can be analyzed into the following: 

(a) A mean for each group. 
(b) A variation common to each count in a haul, differing independently 

from haul to haul. 
(c) A residual variability, affecting each figure in the table independently. 

We shall further assume that the variations under (b) and (c) are inde-
pendent of each other and of the group mean, and we shall treat them as 
random deviations. We have thus set up a hypothetical scheme of the 
form, 

Yii = n;- + h-i + e;i 
where Yii = log catch of iti• group in jth haul 

n;- = true mean of i th group 
h-1 = haul deviation of j th haul, common to all groups 
c;1 = individual deviations of iti• group in jth haul 

It is now our purpose to estimate the variances (squared standard devia-
tions) cr1i and cra1/ of the haul and individual deviations. For this purpose 
the computations can be very conveniently carried tlu·ou"'h in the form of 
Fisher's analysis of variance, giving the following table: 0 
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Total .. 
Degrees of fr eedom 

47 
Group ...... . .. . . . . . . . 3 
Hauls .. . . . . . ... . ... . . 11 
Interaction, G X H . . . . . 33 

S um of squares 

7.4376 
6.8298 

.3500 

.2578 

M ean square 

.03182 

.00781 

5 

Now the mean square for interaction, .00781, is an estimate of the 
quantity rsGH2, the variance associated with the individual cells of the table. 
The mean square for hauls, .03182, is an estimate of the quantity 4 rsH2 + 
r!GH2, whence we get .00600 as an estimate of rsH2, the variance associated 
with the haul. 

From the estimates .00781 and .00600 for the within-haul and haul to 
haul variances, we obtain .0884 and .0775 as the estimated standard devia-
tions. These are obtained from the logarithms of the catches. To interpret 
these figures in terms of variability of the actual catches we proceed as 
follows: 

.0884 = log 1.226 

.0775 = log 1.195 

Now a deviation of .0884 in the logarithm of the catch means that the catch 
has been multiplied (or divided) by 1.226. Hence we may say that one 
standard deviation in the logarithm corresponds to a perceatage standard 
deviation, or coefficient of variation, of 22.6% in the catch. Similarly, a 
logarithmic standard deviation of .0775 corresponds to a coefficient of 
variation of 19.5%. 

We can thus say: the complete suppression of haul to haul variation 
would leave variation such that each group would fluctuate about its own 
mean with a standard deviation of about 22.6%. The haul to haul varia-
tion itself, if all other variability could be eliminated, would be about 19.5%. 

Actually, we are principally interested in knowing the uncertainty at-
taching to a single observation, because usually we deal with the results of 
single hauls. The variance of a single observation will be 

cr2 = vH2 + 0"GH2 = .01381 

The standard deviation of a single observation will be the square root of 
this, or .117. This, we remember, is obtained from the logarithms of the 
catches; we have, therefore, as the percentage standard deviation, since 

logl.31 = .117, 

31% = 131 - 100, 
a value of 31 %, 

If we are interested in the difference between two catches, we shall 
usually wish to know the standard error of this difference. We shall have 
two cases: first, the comparison of two groups from a single haul, and 
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second, the comparison of catches from two different hauls. In the first 
case the error variance affecting the comparison is evidently 2 crau2 = .01562, 
giving a standard error for the difference of the logarithms of .125, or a 
percentage standard error for the ratio of 33%. For the difference of the 

' logarithms of two catches from different hauls we have a variance of 
2 (crH2 + craH2) = .02762; the corresponding standard error is .166, and the 
percentage standard error of the ratio is 47%. 

It may be well to point out that with percentage standard errors as large 
as those with which we are dealing, the usual concept of a standard error 
as giving equally probable plus and minus deviations may be misleading or 
even absurd. It is probably better to make any critical comparisons di-
rectly on the logarithms, and if numerical upper and lower limits, such as 
± twice or three times the standard error, are desired, to find these for the 
logarithms, subsequently converting if necessary. 

VERTICAL HAULS 
(a) Present Seri es. 
Our data on vertical hauls come from three sources, our own collection, 

and data published by Gardiner (1931) and by Ki.inne (1933). Our data 
and Kiinne's were collected primarily for the purpose of comparing the 
catching power of nets, and the analysis of the results is somewhat com-
plicated by this fact. We begin with our own data (Table III). 

Here we have 8 hauls, 4 each with a¾ meter and a 30.5 cm. net, hauled 
alternately. Six groups were counted, making a total of 48 observations. 
If now we set up the analysis of variance table, we have clearly 5 degrees of 
freedom from the 6 groups, and 1 from the two nets; there are then 5 degrees 
of freedom for net-group interaction, i. e., for differential catching power of 
the two nets. Considering now the haul to haul variations, we observe that 
the four pairs of hauls, one with each net, will give us three degrees of 
freedom representing differences between the totals of the pairs, and three 
degrees of freedom within the pairs, representing the failure of the totals 
for each net to agree with the overall total for each net. These two sets of 
three degrees of freedom may be expected to differ if there is any progressive 
change in population density with time; their agreement may be taken as 
indicating that all hauls have sampled the same population. 

The remaining 30 degrees of freedom represent variations from haul to 
haul which affect the individual groups independently. They may be sub-
divided into a set of 15 between pairs of hauls, and a set of 15 within pairs, 
corresponding to the subdivision of the haul totals. Here again, agreement 
between these two sets will indicate that the composition of the population 
has remained constant throughout the series of hauls. 

The analysis of variance corresponding to this subdivision follows: 
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Degrees of fr eedom Sum of squ,ares 
Total ... 47 4 .5392 
Group ....... .. . . . . .. .. . 5 2 .3499 
N et ......... . l .8560 
N et X Group ..... . 5 .1002 
Haul,, between pairs . . . .. . 3 .2169 
Within pairs . .. . ....... . 3 .3897 
Group X Haul between pairs 15 .3887 
Within pairs .... . ..... . . 15 .2378 

Mean square 

.4700 

.8560 

.0200 

.0723 

.1299 

.0259 

.0158 

7 

From this table it appears that the mean squares between and within 
pairs do not differ significantly, either for the haul totals or for the Group 
X Haul interactions. We may therefore reasonably conclude that we have 
been sampling from an unchanging population throughout. Further, we 
note that the Net X Group mean square, .0200, does not differ significantly 
from the Group X Haul mean squares; and we therefore conclude that the 
groups here considered are caught in the same proportions by these two 
nets. 

If we accept these conclusions, we may reasonably regroup the analysis 
of variance table as follows, putting the Net X Group together with the 
Group X Haul: 

Degrees of fr eedom Sum of squares M ean square 
Total.. .. .. .. .. . 47 4.5392 
Group...... 5 2.3499 .4700 
Net.. .. . . . . . . . . . . . . . 1 .8560 .8560 
Haul. . . . . 6 . 6066 . l0ll 
Group X Hau/ . . . . . . . . . . 35 . 7267 . 0208 

If now we seek as before, to separate the within haul and haul to haul 
variances, cr082 and cr~, we have: 

.1011 = 6 <:iH2 + <:iGH2 

.0208 = <:iGH2 

whence we get 
crH2 = .0134, crn = .116 
cran = .144 

As the standard deviation of the logarithm of a single observation we have 
v.0134 + .0208 = .185, which corresponds to a percentage standard 
deviation of about 53%. 

It may be interesting to compare these :figures with those previously 
obtained for oblique hauls. 

dGH .. . 

dH .... - · · · · ...... · .. · ...... 

d = V dH2 + dGH2 ·, • • · • · · · · · · · · • · 

s.rl. as % of mean . .... . . . .. . . . ... , . 

Vertical 
.144 
.116 

.185 
53% 

Oblique 
.0884 
.0775 

.117 
31% 
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In this particular set of data the oblique hauls have been considerably 
more consistent than the vertical hauls. We do not assert that this will 
always be true; but it suggests to us that the accuracy of oblique hauls may 
well be worth further investigation. 

A possible offset to the apparent advantage of the oblique haul is the 
extra time required. If we argued that two vertical hauls could be taken 
and counted in the time for one oblique haul, we should halve the variance of 
a single observation, giving a standard deviation of about .130, or a per-
centage standard deviation of about 35%. 

We may now inquire: what is the ratio of the catches of the 75 cm. and 
30.5 cm. nets used in this series, and how precisely has this ratio been deter-
mined? The mean of the differences of the logarithms of the 30.5 cm. and 75 
cm. catches is 1.086, corresponding to an actual ratio of the catches of 0.122. 
The variance of the logarithm of this ratio is 2 X .1011/24 = .00842, 
giving a standard error for the logarithm of 0.092. (We use .1011, the mean 
square for hauls, rather than .0208, because haul to haul variation affects 
our ratio.) We may now argue: it is very improbable that a subsequent 
comparison would give a value differing from the observed 1.086 by more 
than three times the standard error; or, it is practically certain that the 
logarithm of the ratio will lie between 2.810 and 1.362; or, finally , the ratio 
itself is practically certain to lie between .065 and .230. 

The ratio which would be expected from the openings of the nets is .165. 
This is larger than the observed .122; but the difference is not certainly 
established. We may remark, however, that our other material shows a 

' ' similar tendency for smaller nets to catch less than would be expected from 
their openings. 

As against this, the two nets appear to catch all the groups here discussed 
in the same proportion. There is no evidence that either net is relatively 
favorable or unfavorable to any particular group. This, it may be added, 
agrees with the results obtained by Kiinne (1933) on larger nets. 

Our second series of vertical hauls consists of 30 hauls, using a 75 cm. 
net, a 30.5 cm. net, and a 12.7 cm. net in rotation. The data are given in 
Table IV. Unfortunately, only one species (Centropages typicus) was 
present in sufficient numbers in all three nets to warrant criti cal comparison. 
Sagi tta elegans was also present in the hauls, but in numbers so small, in the 
two smaller nets, as to make doubtful the validity of comparisons by our 
previous methods. We have, however, made the computations for both 
species in the two larger nets. 

Since the three nets were hauled independently, we have analyzed them 
separately, with the following results: 
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Haul . ... . . . . . . . .... . 
G x, H .... . . 

75 cm. 

.3140 

.0244 

MEAN SQUARES 

30.5 cm. 

.1512 

.0570 

9 

12. 7 cm. 

.0346 

Note that since we have only one species in the smallest net, the break-
down into haul and G X His not possible. 

It will be observed that the 75 cm. net shows a significantly greater mean 
square for haul than for G X H. For the 30.5 cm. net the difference is not 
statistically established, but is in the same direction. Examination of the 
data suggests that there is a difference between the Sagitta and Centropages 
figures. If we compute the mean squares by species, we get the following : 

Centropages . .. .. . . .. . 
Sagi t.ta . ..... . 

75 cm. 

.1705 

.1680 

30.5 cm,. 

.0328 

.1754 

12. 7 cm. 

.0346 

Here in the 30.5 cm. net the mean square for Sagitta is significantly 
greater than that for Centropages. To judge by the catch figures, there was 
apparently a change in the population, the early hauls catching more 
Sagitta than the later. 

The ratio of catches of the three nets, taking the 75 cm. net as 1, is: 

75 cm. 

Centropages. . . . . . . . . . l 
S agitta. . . . . . . l 
Both species. . . . . l 

30.5 cm. 

.165 

.132 

.148 

12.7cm. 

.0315 

It remains to be inquired whether the 12.7 cm. net has caught Sagitta in 
the proportions which would be indicated by the catch ratio for Centro-
pages. We may reach an estimate of the total catch of Sagitta to be ex-
pected in the 12. 7 cm. net in the ten hauls as follows: 

In the first haul 241 Centropages were taken; with the 75 cm. net, 14,750 
. 241 X 123 

Centropages and 123 Sagitta were taken; hence, we would expect 
14750 

= 2.0 Sagitta. Proceeding for the succeeding hauls, we get an estimated 
catch in all ten hauls of 20.9 Sagittae, against an observed total of 9. Testing 
this by x.2 with one degree of freedom, we find a probability of somewhat 
less than .001 that such a difference could have arisen by chance. It ap-
pears highly probable, then, that in this series the smallest net has been less 
efficient in catching Sagittae than in catching Centropages. The data, 
however, are not sufficiently extensive to allow us to go farther than this. 

(b) Gardiner's Data 
Gardiner (1931) has published data on vertical hauls made with the 

international net. We have used here his second series. Gardiner li sts 



10 SEARS FOUNDATION [III, 1 

three groups of animals and the total catch. We have used his three 
groups (Calanus, Te1nora, and Pseudo- and Paracalanus) and a fourth (all 
others) obtained by subtraction. 

Inspection of his data suggests that during the hauls (which extended over 
some eleven hours) there have been progressive changes in the population, 
which it would be desirable to eliminate. We have therefore paired the 
hauls (so far as this was possible), pairing hauls taken within 10 minutes, 
and determined the variation both within and between pairs. The analysis 
of variance table runs: 

Degrees of fr eedom Sum of squares 

Total . . . . . . . . . . . 143 13.7486 
Groups . 3 6.8551 

Hauls . .. . . . 35 5 .0202 
Between Pai rs . . 20 4. 7113 
W ithin Pairs . ... 15 .3089 

Groups X Hauls . . 105 1 .8733 
G X between .. . . . 60 1.2933 
G X within . . 45 .5800 

• Significant at 1 % level. 
b .0206/.0129 = 1.59; F(5%) = 1.89, d.f. 15 and 45. 
• .0216/. 0129 = 1.67; F(5%) = 1.59, d.f. 60 and 45. 

li 1 ean square 

.2356• 

.0206b 

.0216° 

.0129 

From this table it is clear (a) that there is significant variation in the 
totals from one pair of hauls to another; but (b and c) it is not certainly 
established either that there is variation in the haul totals within pairs, or 
that there is variation in the composition of the population from pair to pair. 
We may, however, reasonably observe that the changes to be expected in 
the population are gradual, and we may ask whether grouping hauls taken 
within an hour would lead to different conclusions. We have then: 

Total . . . . 
Groups .. .. . . 
Hauls . ... . 

Between hours . . 
Within hours . . . 

Groups X Hauls .. 
G X between. 
G X within ... 

D.F. 

143 
3 

35 
7 

28 
105 
21 
84 

• Significant at 1 % level against . 0495. 
b Significant at 1 % level against . 0152. 

Sum of squares 

13.7486 
6 .8551 
5 .0202 
3.6346 
1.3856 
1 .8733 

.5922 
1. 2811 

• .0282/ .0152 = 1.85; F(5%) = 1.69; F(l%) = 2 .07. 

M ean square 

. 5192• 

.0495b 

.0282° 

.0152 
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Comparing this table with the preceding, we see that variation of haul 
totals within hours is significant; and that the variation of group propor-
tions from hour to hour is probably significant. 

If now we attempt to carry through our preceding analysis to determine 
the variances associated with the differept categories, we have the difficulty 
that the number of hauls is not the same for each hour. We can, however, 
get the following estimates: 

IJI{2 

IJlfW2 

IJGH
2 

IJGHW2 '. 

.0265 haul to haul variance totals between hrs . 

. 0086 haul to haul variance totals within hrs. 

.0030 variance between hrs. species to species. 

.0152 species to species variance within hrs. 

These estimates may now be used to give us the reliability of a single 
observation. If our observation is to be regarded as representative of the 
hour during which it was made, its variance will be IJJiw2 + IJGHw2, or .0238. 
From this we get a standard deviation of .154, or a percentage standard 
deviation of 43%. If we desired to take the haul as representative of a 
longer period, as of the whole twelve hours, we would have a variance of 
.0533, or a standard deviation of .231, giving a percentage standard devia-
tion of 70% . 

Kiinne's Data 

Kiinne's data afford the most extensive series of net comparisons with 
which we are acquainted. Unfortunately for our present purposes, not 
many of these hauls contain large catches of several species. We have 
chosen for analysis his series 62-65 and 73-76, all from his Table 8, in which 
the Helgoland larva net is compared with the Hensen egg net. In these 
hauls, a complete series consisted of two hauls of the Helgoland larva net, 
preceded and followed by a haul of the Hensen net. The analysis of 
vanance runs: 

Series 62--65 Series 73-76 
D.F. S. Sq. Mean Sq. D.F. S . Sq. Mean Sq. 

Total . . . .. ... . ... . 79 43.4623 63 10.4320 
Groups .. . ...... . .. . . . . . 4 33.6675 8.4169 3 3.0573 1. 0191 
N et . ....... . . .... . . ... . 1 7.7626 7 .7626 1 5 .8504 5.8504 
N X G ... .. . . .. . 4 .0458 .0114 3 .0027 .0009 

Haul totals 

Between pairs . .. . . .. .. 7 .2766 .039.5 7 .0432 .0062 
Within pairs . . . .. ... . . 7 .2943 .0420 7 .1976 .0282 
G X Between . .. . . . . 28 .6127 .0219 21 1.0356 .0493 
G X Within . . ... . . . . .. 28 .8028 .0287 21 .2452 .0117 

70 1.9864 .56 1. 5216 
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We may now remark that there is no significant difference between the 
mean square of haul totals for between and within pairs; nor, in the case of 
series 62-65, is there any difference in the interaction G X Between and 
G X Within. In series 73- 76 there is a significantly greater mean square 
(.0493 vs .. 0117) for G X Between than for G X Within, indicating sig-
nificant changes in the percentage composition of the population during the 
series of hauls. On the whole, however, it seems reasonable to combine the 
G X Between and G X Within interactions. Further, there seems to be no 
indication of any essential difference between the two sets of data as regards 
haul mean square or G X Haul interaction. We may therefore reasonably 
compute a mean square for error by combining the last four lines from both 
tables, giving: 

D.F. 

126 
S. Sq. 

3.5080 
M ean Sq. 

.0278 
S.D. of log. 

.167 
S.D., % mean 

47% 

This is a somewhat greater variability than Winsor and Walford found for 
Kiinne's data as a whole. They indicated that a coefficient of variation of 
around 25% seemed to give a good fit to Kiinne's data. The discrepancy 
does not seem serious to us, for several reasons. First, we are dealing here 
with only a small portion of Kiinne's data. Second, Winsor and Walford 
were dealing entirely with discrepancy between pairs of catches; as we have 
said, there is evidence in the analysis above of variation in the composition 
of the population during the entire series of hauls. We should therefore 
expect our computations to show a greater variation. 

We may conveniently summarize our work on the precision of vertical 
hauls with a comparison of standard deviations, expressed as the standard 
deviation of the logarithm of a single observation, and also as a percentage 
of the mean. 

Our data . .. 
Gardiner's data . 
K iinne' s data . . . 

u of log. 

.185 

.154 

.167 

u, % of mean 

53% 
43% 
47% 

The agreement between these standard deviations seems to us very 
satisfactory. We conclude that in vertical hauls made with good technique 
we may expect that the standard deviation of a single observation will be 
from 45 to 50% of the mean. 

HORIZONTAL HAULS 
(a) Statistical Analysis. 

We are not aware of any published study of the variability of horizontal 
hauls. We have data on four series of such hauls, two of which are extensive 
enough to warrant detailed analysis. The data are given in Tables VII , 
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VIII, IX and X. In the first two of these series three nets, a 75 cm. net 
and two 12.7 cm. nets were towed simultaneously. The large net was 
placed at 30 meters, and the small nets at one meter above and below. 
The bridles were adjusted to bring the mouths of the nets in the same 
vertical plane. The two small nets were alternated in the top and bottom 
position in successive hauls. In the third series, the two 12.7 cm. nets were 
towed simultaneously at 29 and 30 meters, without the large net. 

We originally carried through the analysis keeping the two _small nets 
separate. As was to be hoped, there was no evidence of difference between 
them; and they have therefore not been distinguished in the analysis 
presented here. As against this, however, marked differences exist between 
upper and lower nets, corresponding to considerable (apparent) vertical 
gradients in plankton density. These differences will be discussed at 
greater length below. 

The analysis of variance for these hauls runs as follows: 

SERIES V 
Sum of squares Degrees of fr eedom lYI ean square 

Totol . . .. . . . . .. 54.5735 149 
Group .... .. 36.1323 4 
Hauls . . 3.9880 9 .4431 
GXH . . 6.4360 36 .1788 
Nets . . 5 .6839 1 
N X G .. .3147 4 .0787 
NXH .. .2708 9 .0301 
N X G X H .. .2495 36 .0069 
Position . . . . . . . . . . . . .3709 1 .3709 
P XG .. .. .. . .1572 4 .0393 
P X H .. . .6528 9 .0725 
PXG X H . .3354 36 .0093 

SERIES VI 
Sum of squares Degrees of fr eedom M ean square 

Total .. .. . . . . . .... 47.8319 143 
Group. 29.2877 5 
Hauls . . 2.4040 7 .3434 

GXH. 7.5384 35 .2154 

N ets . .. 3. 7151 1 
N X G .. .1855 5 .0371 

N X H .6606 7 .0944 

N X G X H. .4508 35 .0128 

Position . .... .1692 1 .1692 

P x G .. .. 2.0390 ,5 .4078 

P X H. .4981 7 .0712 

P X G X H . .8835 35 .0252 
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Inspection of these figures shows that the corresponding mean squares 
in the two tables are of generally the same order of magnitude; the con-
spicuous exceptions are the mean squares for Position and Position X 
Group, which we shall discuss later. Aside from these, the two sets of 
figures are sufficiently nearly alike to indicate that essentially the same 
sources of variation have acted in both cases. We therefore have proceeded 
to combine the two sets to get estimates of these sources of variation. 

We begin with the triple interactions, N X G X H and PX G X H. 
Since in each series the triple interactions are essentially alike, it seems 
reasonable to suppose that they represent essentially the same residual 
variance. The two series, however, are based on different numbers of 
degrees of freedom; we therefore add the sums of squares and the degrees 
of freedom to reach a weighted fin al estimate of the residual variance, crNcH 2 : 

.2495 36 

.3354 36 

.4508 35 

.8835 35 

19192 142 <TNGH2 = .01351 

We now consider the two factor interactions N X Hand PX H. The>1e 
are of about the same order of magnitude. It seems reasonable to suppose 
that they reflect essentially variations due to the failure of nets attached to 
the same wire to fish exactly alike in successive hauls. Such variations 
might arise, for example, if the nets were not hung on the wire in exactly the 
same manner in each haul. If we call the component of variance arising 
from this source rJN H2, we have to observe that the mean squares for N X H 
and PX H in Series V are estimates of 5 crNil + crNcH 2, while those in 
Series VI are estimates of 6 crNH2 + rJNc~; and that the degrees of freedom 
differ in the two cases. Proceeding as before, we add the sums of squares 
and degrees of freedom: 

Sum of squares D.F. Quanti ty estimated by S . Sq. 
Se:ries V N X H .. .2708 9 45 <TN H2 + 9 <TN GH2 

P X H ... . .6528 9 45 <TN H 2 + 9 <TN GH2 

Se:ries VIN X H . .. .6606 7 42 <Tt-lH 2 + 7 <J} ,,tG H 2 

P X H . .4981 7 42 <TN H ' + 7 <TNGH2 

2.0823 32 174 <Tt,llf 2 + 32 '7NGH2 

Deducting 32 rJNGir = .4323, derived from our previous estimate of rJN GH2, 

and dividing by 174, we get as an estimate of rJN Jr, .0095. 
We consider next the N X G interaction. This measures the extent to 

which the proportions of the diff erent groups vary with net size-i. e., the 
amount of diff erential selection by nets of different sizes. This interaction 
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is statistically significant, that is, it represents more than mere random 
variation of the kind represented by the triple interactions; but its physical 
significance is not so clear. It may actually represent differential selection 
with net size; but it could also arise out of differential density gradients 
between groups. In either case we have to face the uncertainty introduced 
by this factor. If we regard the particular groups here counted as simply a 
random sample of the kind of organisms for which these nets are suitable, 
then a portion of our uncertainty in the interpretation of any count is 
attributable to what we must regard as random variation in differential 
catching power. Likewise, any part of the N X G interaction which really 
arises out of density gmdients would seem appropriately to be regarded as 
part of the random disturbing elements. 

As against this, if we proposed to confine our further investigations to 
the particular groups here studied, it would be appropriate to determine 
net ratios for each group separately, and use these ratios in our comparisons. 
This, however, is not the purpose of our present investigation. 

Proceeding as in the case of the N X H interaction, we have: 

324N X G ..... ... . . 
327 N X G .... .... . . 

S . Sq. 
.3147 
.1855 

.5002 

.1216 

D.F. 

4 
5 

9 

Quantity Estimated 

40 <ING2 + 4 <INGH2 

40 <ING2 + 5 <INGH2 

. 3786 = 80 <ING2 

<ING2 = .0047 

We may now consider the position effect and the P X G interaction. As 
has been said, we have compared the catch of the upper against the lower 
net. The mean square for position is a measure of the consistency with 
which the difference between these two is maintained over all groups. The 
P X G interaction measures the variation of this difference from group to 
group. It is apparent that in hauls 324, the density gradient was in the 
same direction for all groups; in hauls 327, there were differences in direc-
tion of the gradient. The actual values of the ratio upper to lower net for 
the two series were: 

Calanus V . .. . .. . . . .... .. . ... .. . . . 
Calanus <;? . •. 

Metridia . . . 
Centropagei; . .. 
Euthemisto .. 
Sagitta ........ . 

Series V 

1.26 
1. 21 
1.27 
1.11 
1.83 

Series VI 
1.52 
1.54 
0 .28 
1.17 
l. 67 
1.93 
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The interpretation to be put on these figures is not entirely clear to us. 
Their statistical significance is well enough established, that is, we cannot 
reasonably suppose them to have arisen through random sampling errors. 
We hesitate, however, to assert that they give a true picture of the distribu-
tion in depth of plankton organisms. Were this the case, we should have to 
reckon with vertical distributions of population in which the density 
might change by two to three fold in a two meter range in depth. Such a 
variation is physically possible; but that the stratification should be so 
sharp and maintained so uniformly over a period of several hours, does seem 
to us so surprising that other possible explanations ought to be sought and 
examined. 

One possible explanation (as to which, unfortunately, we have no evi-
dence one way or the other) might lie in the reactions ("flight reactions") 
of the organisms to disturbance. If organisms characteristically reacted by 
an upward or downward movement to a disturbance, the result would be an 
apparent density gradient upward or downward. Such an explanation 
cannot be tested with our present knowledge. We hope to investigate this 
question in the future. 

If now we ask: what information have we as to the effect of this density 
gradient effect, to whatever cause we attribute it, on the accuracy of our 
estimate of a particular group, we may reason as follows. If we propose to 
generalize from the particular groups caught in the present hauls, we are 
in effect assuming that there is a random component of density gradient 
whose magnitude we have to estimate from our data on Position and P X G. 
We have, then, no reason for wishing to evaluate a variance for position as 
such, but rather we assume that there is a variance crp0

2 which enters into 
both the observed position and P X G mean squares. But we further ob-
serve that the position mean square differs from the P X G mean square by 
containing a part due to the P X H interaction. Actually the mean squares 
for position and for PX Gare estimates of: 

where nH and no are the number of hauls and groups. Further, our two sets 
of hauls are based on different numbers of degrees of freedom. If we add 
the sums of squares for position and PX G from the two sets of data, we 
obtain: 
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S. Sq. Quantity Estimated 
P . . .... .3709 10 upa 2 + 5 Up[f2 + <TPGH 2 
P XG . . .1572 40 r;pa 2 + 4 Upalf2 

P . .... . . . . . . . . . . .1692 8 upa 2 + 6uPil + UpGH 2 

P XG . . 2.0390 40 u pa2 + 5 upau" 

Total . . 2.7363 98 r;pa 2 + 11 Upif2 + 11 O'paII2 

.2530 11 O'pif2 + 11 O'PGII2 

2.4833 98 upa2 

.0254 O'Pa2 

(Note: crpn2 and crpaH2 have previously been estimated as .0095 and .0135 
respectively.) 

We next consider the question of the G X H interaction. This arises 
from the failure of all groups to be represented in the same proportions in 
the totals of each haul. To estimate the variance cra8 2 attributable to this 
variation we proceed as previously: 

whence we get 

6.4360 = 108 (JGH2 + 36 CTNGJi 

7.5384 = 105 CTGH2 + 35 CTNG1J2 

13.9744 = 213 CTGH2 + 7l CTNGF/ 

.0611 = craH2 

Finally we have to consider the question of variation of the haul totals. 
It is not certain from the analysis of variance tables that there is a signifi-
cant variation of the haul totals; but there seems to be reason to suppose 
that such a component of variation ought to exist (since it is hardly reason-
able to suppose that speed, duration of haul, etc., are really devoid of varia-
tion from haul to haul). Further, in both series the mean square for hauls 
is actually greater than the G X H mean square. Proceeding, then, to 
determine the variance cr1l, we have: 

3.9880 = 135 CTH2 + 27 crGii + 45 CTNH2 + 9 CTNGH2 

2.4040 = 126 CTH2 + 21 CTG1J2 + 42 CTNJi + 7 CTNGHZ 

6.3920 = 261 cr1i + 48 crGii + 87 CTNJi + 16 CTNGii 

Using the previous estimates of craH2, etc., we get .0093 as an estimate of crH2-

We may summarize these results as follows: 

crNa1l 

CTNH2 

CiNG2 

crpa2 

craH2 

CTH2 

= .0135 
= .0095 
= .0047 
= .0254 
= .0611 
= .0093 
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As before, we may ask: what is the standard deviation of a single observa-
tion made under conditions similar to those of the present investigation? 
That is, suppose we hauled a single net once, and enumerated a particular 
group; what estimate can we make of the precision of such a fig~re? If we 
simply add the variances just found, we get as the variance of a smgle obser-
vation .1235; the corresponding standard deviation is .351, giving a per-
centage standard deviation of 124% . It is probably more instructive to 
consider how the actual catch varies. Let us suppose that the actual catch 
is 1000 organisms; then the_ logarithm of the catch will be 3.000. For 
various multiples of the standard deviation in excess or defect of this we 
have the following: 

Deviations log catch actual catch 

- 2u . . . . . . . . . . . 2.298 199 
<T • . 2.649 446 
u ... 3 .000 1000 

+ u . . . . . . . . . . . . . . . . . 3.351 2240 
+ 2u ... 3 .702 5040 

This variability is evidently large. It may, however, reasonably be urged 
that the present series of hauls have extended over a considerable period of 
time-four of five hours-and it is quite possible that changes in the popu-
lation may have occurred. This idea is supported by the large size of crcn2, 

which reflects variations in the proportions of species in the different hauls. 
One may, then, desire to consider a shorter period of time than that covered 
by the whole of these hauls, say the time from one haul to another. In this 
case we shall group the hauls by pairs, and consider the variability within 
and between pairs. Carrying through the computation, we get as an 
estimate of crcn2 within pairs .0199. Using this in place of the previous 
.0611, we get for the standard deviation of the logarithm of a single observa-
tion .286, or a percentage standard deviation of about 93%. Our previous 
table now becomes: 

Deviations log catch actual ca.tc.h 
- 2u ... 2 .428 268 

<T . 2 .714 518 
<T . . ' . .. . ... 3.000 1000 

+ <T . 3 .286 1930 
+ 2u . ' . ... .. . . 3 .572 3730 

As a check on these computations, it is of some interest to examine the 
results obtained if we consider only the figures given by the large net. 
In ~his case we are able to use ten hauls in each series. The analysis of 
vanance runs: 
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HAULS 324 
D.F. S. Sq. Mean Sq. Estimate of 

Total ... . . . . . . . . . . 49 8.1135 
G ... .. .... .. ..... 4 4.6144 1.1536 
H ..... 9 1. 3411 .1490 5 UH2 + UGH2 

G X H .. ... .. . .. . 36 2.1580 .0599 <TGJJ '!. 

HAULS 327 
Total . .. . ... . . . . . . 59 15.0179 
G .. . . . . . . . . . . 5 8.9180 1.7836 
H . .. ... ........ . 9 1. 7330 .1926 6 U/[ 2 + UQH2 

G X H ... . . . .. ... 45 4.3669 .0970 UGH2 

The two estimates of crGH2 do not differ significantly. We may therefore 
resonably combine the two sets of data to get an estimate of crH2• 

1.3411 est. of 45 crH2 + 9 croll2 
1. 7330 est. of 54 cr1i2 + 9 croH2 

3.0741 est. of 99 cru2 + 18 cr0 n2 

2.1580 est. of 36 croH2 

4.3669 est. of 45 cr0n2 

6.5249 est. of 
1.4500 est. of 
.0806 est. of 

81 r:JGHi 

18 rJGll2 

r:JGH2 

Whence we have 1.6241 as an estimate of 90 crn2, and .0164 as our esti-
mate of crn2• As the variance of a single observation we shall then have 
.0164 + .0806 = .0970. This is lower than the .1235 we obtained previously; 
but we may observe that the previous estimate includes the (apparent) verti-
cal density gradients as a component of error. We have previously sug-
gested the possibility that these gradients are of a different nature from the 
usual error components. If we deduct from .1235 the component .0254 for 
crp02, we are left with .0981, which is very close to the figure .0970 for the 
large net alone. We do not lay particular stress on this agreement; it sug-
gests, however, that the data as a whole are reasonably homogeneous. 

(b) Catching power of different sizes of nets. 

The determination of the relative catching power of the two nets is of in-
terest, and it is also a matter of importance to know the precision of this 
determination. We may reason as follows: 

In any particular haul, we have determinations of the catch on a number 
of groups. Letting M, L, U be the logarithms of the catch of the middle, 
lower and upper nets, the logarithm of the ratio is ½ (2M - L - U) . If 
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we have say, 10 hauls with fi ve groups in each, we have a total of 50 de-
terminations of the ratio. Our best estimate will be given by the mean of 
these 50. 

Now to what errors is this estimate subject? We have suggested that the 
following sources of error should be considered as affecting our data: 

The first group does not affect the precision of our net ratio; the second 
group does. But we have also to observe that the second group contains 
three sources of error which act differently. !JH N 2 represents error affecting 
all hauls on a particular species. !JNIIa2 represents error varying independ-
ently from observation to observation. 

Consider any single determination, 

r = ½(21-VI - L - U) 

Let cr2 be the variance of 111, L, U. Then we have 

6 (J2 

cr,2 =-
4 

But actuall y our r is the mean of 50 single values: 

- 1 
r = -Sr; 

50 

and the errors in these 50 values are not independent. V•le have, actuall y, 
10 hauls and 5 species. Instead, then, of having 

1 1 3 
cr;:2 = _ 1Jr2 = _ . _ cr2 

50 50 2 
we shall have: 

In our second series, we have 6 groups and 8 hauls; we get then 

1 3 
rJ;:2 = - . - (!JNGH2 + 8 !JNG2 + 6 !JNII2) 

48 2 

Substituting our estimates of the cr2, we get 

1 3 1 
cr;:2 = - · - (.1081) and cr;:2 = - · ::i_ (.1080) 

502 482 
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As the variance of our combined estimate we shall have very closely 

.3243 
cr;;2 = -- = .001655 

196 

21 

giving cr,: = .0407 as the standard error of the logarithm of the ratio of the 
12.7 cm. net to the 75 cm. net. 

The logarithm of the ratio in series 324 was 1.7122, and in series 327 was 
1.6414. The (weighted) mean of these is 1.6775, and the standard deviation 
of this determination is .0407. Expressed as the ratio of catches of 12.7 cm./75 
cm., we have a value .0210, and taking twice the standard error, we have 
limits .0174 and .0253 as lower and upper bounds within which the ratio is 
nearly certain to lie. The ratio calculated from the openings is .0285, which 
is well outside our limits. We may summarize by saying that the small nets 
apparently catch a,bout 25% less than would be expected from the area of 
their openings relative to the 75 cm. net. 

The question of differential selection .by the nets deserves further con-
sideration. We have previously indicated that the statistical significance 
of the net X group interaction is sufficiently established, but we also pointed 
out that its interpretation was not completely clear. We may tabulate the 
net ratios by groups for the two series separately. 

Calanus V .. .. . . . . 
Calanus <;? . . . 

Centropages . . 
111 etridia .. .. . 
Euthemisto . . 
Sagitta . .. . . 

All groups . . . 

Series V 

.0152 

.0163 

.0214 

.0193 

.0286 

.0198 

Series VI 

.0211 

.0243 

.0256 

.0283 

.0232 

.0163 

.0228 

If there were any important differential selection by the nets, we should 
expect that the same groups would show high or low ratios in both series. 
No such consistency is apparent, and we therefore incline to the belief that 
the differences in net ratio for different species do not reflect true differences 
in the nets, but rather random effects which are properly to be included in 
observational error. 

Since the variation of the smallest net is no greater than that of the nets 
with which it was compared and since there is no indication that the small 
net fails to catch large and small, active and inactive animals in the same 
proportion as the large net, we may conclude that under the present condi-
tions of work a net as small as 12.7 cm. in diameter is as reliable for the 
groups of plankton considered as a net of the more usual size (75 cm. in 
diameter). Small nets are cheaper, are more easily handled in rough 
weather, can be more readily rigged for closing, ahd may be furnished with a 
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volume meter. A device for the quantitative investigation of zooplankton 
which incorporates these advantages has recently been developed i? the 
form of the "plankton sampler"-a 5-inch (12.7 cm.) tube and net eqmpped 
with shutter and meter (Clarke and Bumpus, 1939). 

In addition to the two series of horizontal hauls just discussed, we have a 
short series (VII) of horizontal hauls made with the two small nets. The 
data are presented in Table IX. Here inspection shows that there is no 
such clear evidence of density gradients as in the preceding series. If we 
carry through the analysis of variance on the logarithms, omitting Sagitta, 
because the numbers are small, we obtain: 

D.F. S. Sq. Mean square 

Total. . . . .. .. . . 49 12.6197 
Groups . . ... 4 7.8496 
Hauls .. .. . . 4 .2611 .0653 

G X H .. . ... 16 3 .8027 .2377 
Position .. 1 .0188 .0188 
P XG .. .. . . . 4 .0569 .0142 
P X H ... . 4 .2777 .0694 
PX G X H .. 16 .3528 .0220 

lt is clear that there is no evidence here of any density gradients. This 
fact suggests that the presence of the 75 cm. net was responsible in some way 
for the gradient observed in the other series. The mean square for P X G X 
Il agrees well with the figure previously obtained of .0135. The G X H mean 
square is large; this would be expected from examination of Table IX, 
since this table shows considerable changes with time in the catch of several 
of the groups. A breakdown into between and within pairs of hauls, pairing 
the first two and last two hauls, gives a mean square for G X H within 
hauls of .0317, which is not far from the figure previously found. It appears, 
therefore, that except as regards density gradients, the present series agrees 
well with those previously treated. 

The absence of any significant density gradients in this series suggests, of 
course, that the gradients previously found are in the nature of artifacts. 
This is the more true because this series was made immediately following our 
Series VI. We can only repeat our previous suggestion that the gradients 
may be due. to reaction of the organisms to disturbance by the nets, with 
the added suggestion that if this is the cause, the disturbance is apparently 
much greater when the larger net is used. 

We have also a series of ten horizontal hauls made with a single 75 cm. 
net, the data for which are presented in Table X. It will be observed that 
Centropages typicus, r:J', and C. hamatus were not enumerated in the first 
haul. We have allowed for this in our computations, using the iterative 
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procedure suggested by Snedecor (2nd Ed., 1938, § 11.5). Inspection of the 
data shows that we are dealing here with a peculiar situation, in that the 
even numbered hauls are with very few exceptions higher than the corre-
sponding odd numbered hauls. Unfortunately there is nothing in the 
records to indicate the source of variation; it might, for example, have 
arisen if windward and leeward hauls had been alternated. 

The analysis of variance table for this data follows: 

Degrees of f reedom S um of squares M ean square 
Total . . . 57 14.7133 
Groitps . . 5 11.1253 
Haid: 

Between pairs . . . . . .. 4 .7292 .1823 
Odd-even ... . . . 1 1.6335 1.6335 
Within pairs . . . . . . . . 4 .2185 .0546 

G X H : 
B etween pairs . . . ... . 20 .3105 .0155 
Odd-even . .... 5 .1419 .0284 
Within pairs . . .... 18 .5544 .0308 

All G X H .. ... 43 1.0068 .0234 

It is clear that the largest source of variability is the difference between 
odd and even hauls. We observe, however, that there is no indication that 
these differences have affected the percentage composition of the hauls, 
since the G X H mean squares do not show significant differences. We may 
therefore take the figure .0234 as an estimate of crcJI2• This fi gure may be 
compared with our previous analysis. We had then crcJJ2 = .0611, v NGJJ2 = 
.0135, whence we get .0746 as the variance comparable with our present 
.0234. More appropriately, perhaps, we may use the figure for crcn2 within 
pairs, which was .0199, so that we have .0199 + .0135 = 0.334 against 
.0234 in the present series. We consider the agreement good. 

We do not feel that an attempt to estimate crJJ2 is warranted, in view of 
the peculiar characteristics of the data. It appears, however, that after 
allowance has been made for the difference between odd and even hauls, 
the order of magnitude of the haul mean square is about what would be 
expected. 

SUMMARY AND CONCLUSIONS 

1. The variation in seven series of oblique, vertical and horizontal 
plankton hauls, with nets of the same and of different sizes, has been studied 
statistically. In addition, vertical hauls from two other sources (Gardiner, 
1931, and Kiinne, 1933) have been analyzed and compared with our own 
data. 

2. The percentage variability was essentially the same for all the groups 
of animals considered. We may therefore conclude that any local irregulari-
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ti es m distribution (e. g., local swarming) were essentially alik e for all 
groups. 

3. One seri es of oblique hauls is presented, and in this series, the standard 
deviation of a single observation was about 31 %- Eliminating haul to haul 
vari ation, there was a residual standard deviati on of about 23%; the stand-
ard deviat ion of the haul to haul vari ation alone was about 20% . 

4. Two seri es of verti cal hauls of our own coll ection are presented. In 
one, the standard deviation of a single observation was about 53%. In :¾e 
second, the data are insuffi cient to warrant a complete analysis ; there is 
some indication of a greater haul to haul vari abilit y than in the preceding 
series. Gardiner's and Kiinne's series give standard deviations for a single 
observation of 43% and 47% respectively. 

5. Four series of horizontal hauls are presented, two of which have been 
analyzed at length. The third, which is less extensive, confirms (with one 
except ion, noted below) the indications of the other two. In these hauls, 
the standard deviation of a single observation is about 124% , if we wish to 
regard the observation as representati ve of conditions during a period 
comparable with the duration of our series (say four to fiv e hours). A con-
siderable part of this variation ari ses out of changes in the proportions of 
the population with time; if we eliminate these, and regard our single 
observation as representative of conditions during an interval comparable 
with that from one haul to the next (say about a half hour) the correspond-
ing standard deviation is about 93%. 

6. In the fir st two horizontal series, marked verti cal gradients in popula-
t ion density occurred within the two meters sampled. In the third series, 
no such gradients were found. The exact nature of these gradients remains 
a problem for future work. 

7. No signifi cant difference in variabili ty of catches was observed with 
different sizes of nets. There is indication that the small er nets caught less 
than would be indicated by the ratios of their ORenings to that of the 75 cm. 
net. Thus the 30.5 cm. net caught a fraction 0.122 of the 75 cm. net catch, 
against an expected ratio of 0.165; and that the 12.7 cm. net caught a frac-
t ion 0.0210 against an expected 0.0285. 

8. The proportions of different groups (including sagittae, amphipods and 
large copepods) caught by the various nets did not vary in a manner to 
indicate differential selection with net size, with the possible exception of 
Sagilta, as to which the evidence is not conclusive. We may therefore con-
clude that under the condit ions of the present investigation our small est 
n_et is as reli able for the types of plankton considered as nets of more usual 
size. 
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APPENDIX 

TuE ESTIMATION OF VARIANCE ARISING FROM DIFFERENT SOURCES 

The problem of estimating the separate components of variability 
occupies a central position in this paper. The method we have used is a 
straightforward extension of the suigestions of R. A. Fisher in his "Sta-
tistical Methods for Research Workers," § 40. We now set out the assump-
tions made and the procedure used. 

Assume that we have data divided into '" sets of m observations each. 
Let Xii be the jth observation in the ith set. We assume that the variability 
of X i i about some hypothetical "true value" µ is due (a) to a component of 
random variation common to all the members of the ith set and (b) to a 
component of random variation peculiar to this particular observation. 
We assume further that these two components of variation are independent 
in the probability sense, and that their effects are additive. Then we can 
write 

Xii = I.I. + e, + TJii 

where e and TJ are random variables subject to some probability law. Their 
mean values we assume to be zero; we wish to make estimates of their mean 
squares. We do not know the "true value" µ, and therefore cannot de-
termine the deviations e; and TJ;i directly. But it is shown in elementary 
works on probability that if u 1, u2, ... Un are n values of a random variable 
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whose true mean is U and whose true variance is cr2,-then (u being the mean 
of the observed values) the mathematical expectation of 

S (u; - i"t) 2 = (n - l)a2
• 

Hence, if we divide (the sum of the squares of the deviations of the set from 
their mean) by (their total number less one) we have a quantity whose 
mathematical expectation is cr2• 

We may apply the same reasoning by which this result is established to 
the more complicated case of two categories of variation. It may readily 
be shown that if cr,2 and ai are the variances of c and YJ, then the following 
relations hold (where El }denotes mathematical expectation): 

E{S;/X,i - x;)2 } = k(m - l)a~2 

EI mS;(x; - x)2 j = (Jc - l)ma.2 + (k - l)a~2 

x; and x being the mean of the ith set and the general mean, respectively. 
Hence we can reach estimates of cr~2 and cr,2. · 

For practical computation, it is convenient to note that the expressions 
whose expectations have been given are simply the "within sets" and 
"between sets" sums of squares in the ordinary analysis of variance table. 
The arithmetical convenience of the analysis of variance computations is 
great; and we have therefore set up our work in this form. 

It is perhaps worth pointing out that these relations do not involve any 
assumption as to the form of probability distribution except those explicitly 
made above. In particular, no assumption of "normality" has been made. 
In this respect our use of the analysis of variance differs from that in com-
mon practice. The difference, of course, lies in the fact that the analysis of 
variance is commonly used to provide a significance test, while we use it as 
a means of estimation. 

In more complicated situations, such as arise with more than a single 
classification into sets, the relations are naturally more complex; but the 
same basic principles govern. Suppose, for example, that we have a set of 
hauls, in each of which we have two nets. For concreteness, suppose 10 
hauls, with 6 groups enumerated. The analysis of variance table, together 
with the quantities of which each mean square is an estimate, will be: 

Total ... . 
Grou.ps ... . . . 
Hau.ls .. . 
G XH .. 

D.F. 
119 

5 
9 

45 
Net. . ........ . .. . 1 
G X N .. 5 
H X N. . 9 
G X H XN ..... 45 

Expectation of m.ea.n square 

12 <TH2 + 2 <TG/l 2 + 6 <TH.V2 + <TGHN' 

2 <TOH~ + <TGHN
2 

10 <TGN 2 + <TGHN2 

6 CTII N2 + CTGHN2 

<TGHN2 
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In building these mean squares, we have assumed that variation corre-
sponding to each cr2 actually exists. This assumption naturally should be 
tested. The use of Fisher's Z test, or Snedecor's F test, is evidently appro-
priate. These (equivalent) tests actually supply a criterion by which we can 
judge whether the existence of any particular is established by the evidence. 
If we decide that one or other of the cr2 is zero or negligible,-which amounts 
to deciding that variation from a particular source is negligible,-we may 
regroup our analysis accordingly to estimate the remaining cr2• 

With ·data divided into sets with unequal numbers the situation is some-
what more complicated, and in extreme cases the algebra may become very 
heavy. For this reason, among others, it is advisable to keep the ultimate 
analysis in mind in planning experiments. We give here the case of N 
observations in k sets, the number of observations in the ith set being n;. 

The usual analysis of variance table will be: 

Total. . ..... . . .. .. . ... . 
Between sets . . 
Within sets . . . 

D.F. Sum of squares 

..... . N -1 
k-1 
N-k 

Si; (x,; - x )2 

S;n, (x, - x) 2 

S,; (x;; - x,)2 

It can now be shown, by straighforward but somewhat lengthy algebra, 
that these sums of squares have the following mathematical expectations 
(cr,2 and cr~2 having their previous significance): 

( 
Sn-

2
) 

E ISi ;(xii - x)2 } = cr.2 N - -;;. + cri(N - l) 

( 
Sn?) E {S;n;(x; - x)2 ) = cr.2 N- N + cri(k - 1) 

cr/(N - k) 

'd. f2d2 From these results we can evidently get our reqmre estimates o cr, an cr~. 
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TABLE I 

rm, 1 

SERIES I. OBLIQUE HAULS, 30 M. TO SURFACE, NET RAISED 3 M. EVERY MINUTE. 
2 SCRIM (10 STRANDS/CM.) NETS, 75 CM. DIAMETER, USED IN ROTATION: AABBAA, 

ETC. HAULS 220A-220L. AuG. 24, 1936. LOCATION: WHISTLE Buoy AT WESTERN 
E NTRANCE TO VINEYARD SOUND (STATION 3). DEPTH '1'0 BOTTOM: 38 M. 

Net 

A 
A 
B 
B 
A 
A 
B 
B 
A 
A 
B 
B 

Mean 
Range 

Species 

FIGURES ARE ESTIMATED TOTALS IN THE CATCH. FIGURES IN PAREN-
THESES ARE NUMBER OF 29 CC. SAMPLES ON WHICH ESTIMATE l s 

BASED. DILUTION FOR C. FINMARCHICUS = 2000 CC. ; FOR 

C. finmarchicus 
Cop. IV 

(5) 895 
(5) 540 
(5) 1020 
(5) 470 
(5) 428 
(4) 620 
(5) 760 
(5) 537 
(4) 845 
(5) 1050 
(5) 387 
(5) 497 

671 
663 

C. TYPICUS, 8000 cc. 

C . . finmarchiciis C. typicus 
Cop. V adult 9 

(5) 1520 (2) 43300 
(5) 1610 (2) 32800 
(5) 1900 (2) 28800 
(5) 1350 (2) 34600 
(5) 980 (2) 27800 
(4) 1710 (2) 32800 
(4) 1930 (2) 28100 
(4) 1960 (3) 18900 
(4) 1840 (2) 31400 
(3) 2410 (2) 39500 
(5) 1520 (2) 29000 
(5) 1685 (4) 22300 

1701 30775 
1480 24400 

TABLE II 

C. typicus 
a,;lult cf' 

(3) ll000 
(4) 8600 
(4) 8260 
(3) 9830 
(4) 7600 
(3) 9650 
(4) 8900 
(5) 6060 
(3) 10200 
(2) 15500 
(4) 9250 
(4) 7900 

9396 
9440 

LOGARITHMS OF ESTIMATED CATCHES. SERIES I 

C.f. JV C.f. V C.t., 9 C.t., d" Haul M ean 
2.95 3.18 4.64 4 .04 3 .70 
2.73 3.21 4.52 3 .93 3 . 60 
3.01 3.28 4.46 3 .92 3 .67 
2.67 3.13 4.54 3.99 3 .58 
2.63 2 .99 4.44 3 .88 3 .48 
2.79 3 .23 4.52 3 .98 3 .63 
2.88 3 .29 4.45 3 .95 3 .64 
2 .73 3.29 4.28 3 .78 3 .52 
2 93 3.26 4 .50 4 .01 3 .68 
3.02 3 38 4 .60 4 . 19 3 .80 
2 .59 3.18 4.46 3 .97 3.55 
2 .70 3.23 4 .35 3 .90 3 .54 

Mean 2 .80 3.22 4.48 3 .96 
Range .43 .39 .36 .41 
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TABLE III 

29 

SERIES III. VERTICAL HAULS, 31 M. TO SURFACE AT 0.6 M./SEC. SCRIM NETS 75 CM. 
AND 30.5 CM. USED ALTERNATELY. HAULS 301 A-H. JUNE 29, 1937. LOCATION 

4 MILES W X N OF GAY HEAD. DEPTH TO BOTTOM 31.5 M. FIGURES ARE 
ESTIMATED TOTALS IN THE CATCH. 1/69 OF CATCH COUNTED WITH 

75 CM. NET; TOTAL CATCH COUNTED WITH 30.5 CM. NET. 

Lima- Centro- T. 
cina pagus C. C. P. dis-
retro- typicus hamatus typicus minutus caudatus 

Ha·ul versa <;? <;? d' d' <;? 

1 1850 442 924 318 815 345 
75 cm. 3 1880 940 1210 653 594 635 
net 5 897 649 1710 788 525 394 

7 925 593 745 386 221 166 

2 157 86 68 43 30 35 
30.5 cm. 4 247 80 192 61 66 35 
net 6 184 138 196 105 40 44 

8 146 206 180 141 71 36 

TABLE IV 

SERIES IV. VERTICAL HAULS, 35 M. TO SURFACE AT 0.5-0.9 M./SEC. SCRIM NETS, 
75 CM., 30.5 CM., AND 12.7 CM. IN DIAMETER USED IN SUCCESSION. HAULS 

312A1-312c10- AUG. 10, 1937. LOCATION : WHISTLE Buoy AT WESTERN 
ENTRANCE TO VINEYARD SouND. DEPTH TO BOTTOM: 42 M. FIGURES 

1) 
2) 
3) 
4) 
5) 
6) 
7) 
8) 
9) 

10) 

Total 

ARE ESTIMATED TOTALS IN THE CATCH BASED ON INDICATED ( ) 
NUMBER OF 29 CC. SAMPLES. (T) INDICATES TOTAL 

COUNT. DILUTED FOR C. TYPICUS IN 75 CM. NET 
CATCH 2000 cc. IN 30.5 CM. NET CATCH 1000 cc. 

75 cm. Net (No. 2) 30.5 cm. N et (No. 25) 12.7 cm. Net (No. 21) 

S. elegans S. elegans S. elega,ns 
C. typicus all over C. typicus all over C. typicus all over 

adult d' - <;? .5 cm. long adult d"- <;? .5 cm. long adult d' - <;? .5 cm. long 

(2) 14750 (T) 123 (5) 1115 (T) 17 (T) 241 (T) 0 
(2) 19200 (T) 150 (4) 2010 (T) 19 341 3 
(2) 19640 (T) 190 (3) 2705 (T) 24 568 1 
(2) 8950 (T) 34 (2) 2550 (T) 7 240 0 
(2) 24800 (T) 63 (2) 1960 (T) 8 564 0 
(4) 1880 (T) 12 (5) 798 (T) 1 496 1 

(2) 15900 (T ) 44 (2) 2150 (T) 5 334 0 

(4) 1850 (T) 14 (2) 2390 (T) 10 246 1 
(2) 13800 (T) 40 (4) 1075 (T) 3 154 0 

(2) 18400 (T) 90 (2) 1890 (T) 4 407 3 

-- - -- - -- -
139000 760 18600 98 3591 9 
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TABLE V 

DATA FR0M GARDINER'S TABLE II . VERTICAL HAULS, 80 M. TO SURFACE. 
ORGANISMS PER METER DEPTH. 

Ps. and Other 

Time Calanus Tem(Yra Paracalanus Organisms 

20:23 56 22 47 21 

22:ool ] 69 13 61 31 
22:05f 46 15 55 82 
22:20 37 8 84 12 

1:25}1 36 19 47 10 
1:30 25 15 66 16 

1:37\ j 98 44 159 54 
l:45f 64 38 51 66 
1:55 58 20 112 42 

'")] 92 15 111 43 
2:54 139 26 . 132 35 
3:05 139 28 142 50 
3:15\ 95 31 193 61 
3:23f 155 50 134 40 

,oo l 95 36 169 52 
3:55 159 61 139 85 
4:02 156 43 206 87 
4:08 150 49 208 89 

4:15 j 166 57 237 84 
4:20 91 46 229 40 
4:33 101 43 161 62 

5:ooq 89 46 73 38 

:~lJ 111 59 77 28 
72 61 102 44 

5:20 90 30 89 56 
5:25 108 45 154 49 
5:35 151 53 132 48 

6:45 104 44 192 54 ~:] 101 71 154 26 
146 84 231 78 

7:12 113 74 199 72 
7:20 115 62 137 51 
7:30 111 58 234 58 
7:36 143 44 169 48 
7:45 114 50 151 66 
7:50 102 47 164 78 

} Grouping in 10 minute intervals. ] Grouping in hour intervals. 
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TABLE VI 

(FRoM KuNNE, 1933, TABLE 8.) VERTICAL HAULS; H = HENSEN EGG NET; 
L = HELGOLAND LARVA NET. FIGURES ARE TOTAL COUNTS. 

Snwll Terebellid Decapod 
Series N et Medusa larvae Tomopter·is Calanus larvae 

62 H 354 8 54 97 51 
L 1521 22 200 1275 1398 
L 1451 19 257 618 603 
H 489 10 63 182 146 

H 375 12 26 143 107 
63 L 1384 23 193 745 411 

L 1414 36 113 742 566 
H 473 3 31 195 223 

H 437 2 30 182 144 
64 L 1769 26 104 852 857 

L 1948 31 92 958 820 
H 442 4 29 210 264 

H 326 4 24 155 94 
65 L 1437 24 92 566 325 

L 1522 20 63 551 318 
H 415 7 39 163 141 

Small Decapod Fish Eggs 
M edusae Calanus larvae 

H 29 26 24 64 
73 L 127 79 43 298 

L 92 90 73 301 
H 21 32 26 68 

H 19 22 21 90 
74 L 85 119 132 340 

L 92 114 144 224 
H 27 34 21 72 

H 29 30 46 80 
75 L 35 93 160 252 

L 45 115 178 360 
H 11 23 33 74 

H 6 20 48 53 
76 L 56 120 231 251 

L 63 106 247 221 
H 11 34 55 51 



32 SEARS FOUNDATION [III, 1. 

TABLE VII 

SERIES V. HORIZONTAL HAULS, 15 MIN. AT 2 KNOTS. SCRIM NETS 12.7 CM. IN 

DIAMETER (NOS. 22 AND 23) AT 29 AND 31 !If., AND SCRIM NET 75 CM. IN DI-
AMETER (NO. 2) AT 30 !If. TOWED SIMULTANEOUSLY. HAULS 324A1-324C10. 

AUGUST 26, 1937. LOCATION: WHISTLE BuoY NO. 6 OFF CHATHAM. 

DEPTH TO BOTTOM: 35 N. FIGURES ARE ESTIMATED TOTALS IN 
THE CATCH BASED ON I NDICATED ( ) NUMBER OF SAMPLES. 

(T ) = TOTAL COUNT. FoR NETS NOS. 22 AND 23: DILU-
TION 1000 cc. SAMPLE SIZE 58 cc.; FOR NET NO. 2 

DILUTION 10,000 cc. SAMPLE SIZE 29 cc. 

Calanus C. M etridia Centropages 

finmarchicus finmarchicus luceus typicus Euthemisto 

cop. V adult 9 adult 9 adult 8' 9 juv. 

N o. 22 860 (4) 400 (4) 492 (4) ll00 (4) 48 (4) 

N o. 2 50500 (2) 21000 (2) 17400 (2) 55500 (2) 2490 (5) 

No. 23 403 (5) 217 (5) 259 (5) 1150 (2) 15 (T) 

No. 23 lllO (2) 266 (5) 855 (3) 810 (3) 87 (5) 

No. 2 54500 (2) 15800 (2) 33000 (2) 25200 (2) 2800 (5) 

No. 22 450 (4) 135 (5) 380 (5) 450 (4) 24 (5) 

No. 22 1400 (2) 218 (5) 1850 (2) 790 (3) 148 (5) 
No. 2 71000 (2) 8950 (5) 79000 (2) 25500 (2) 2700 (5) 
No. 23 1050 (2) 156 (5) 1670 (2) 760 (3) 103 (5) 
No. 23 344 (5) 45 (5) 387 (5) 278 (5) 93 (5) 
No. 2 27800 (2) 4950 (5) 32000 (2) 19600 (2) 2420 (5) 
No. 22 366 (5) 66 (5) 545 (4) 485 (4) 58 (5) 
No. 22 442 (5) 79 (5) 183 (5) 705 (3) 48 (5) 
No. 2 19800 (2) 3030 (5) 13200 (3) 33500 (2) 965 (5) 
No. 23 200 (5) 41 (5) 141 (5) 560 (4) 14 (5) 
No. 23 705 (3) 120 (5) 960 (3) 240 (5) 65 (5) 
No. 2 81000 (2) 10500 (4) 72000 (2) 20500 (2) 4400 (5) 
No. 22 1440 (2) 131 (5) 1310 (2) 495 (4) 93 (5) 
No. 22 1170 (2) ll0 (5) 5780 (2) 920 (3) 65 (5) 
No. 2 59700 (2) 6230 (5) 203000 (2) 20700 (2) 1070 (5) 
No. 23 1200 (2) 107 (5) 4350 (2) 297 (5) 59 (5) 
No. 23 276 (5) 38 (5) 1060 (2) 480 (4) 55 (5) 
No. 2 18300 (2) 1660 (5) 59000 (2) 20300 (2) 670 (5) 
No. 22 380 (5) 45 (5) 1090 (2) 410 (5) 35 (5) 
No. 22 965 (2) 72 (5) 1900 (2) 396 (5) 90 (5) 
No. 2 46000 (2) 4200 (5) 57500 (2) 13600 (3) 1930 (5) 
No. 23 835 (3) 69 (5) 805 (3) 350 (5) 38 (5) 
No. 23 1060 (2) ll4 (5) 400 (5) 440 (4) 55 (5) 
No. 2 52500 (2) 5050 (5) 17100 (3) 17600 (2) 2500 (5) 
No. 22 610 (3) 41 (5) 332 (4) 245 (5) 28 (5) 
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TABLE VIII 

SERIES VI. HORIZONTAL HAULS, 10 MIN. AT 2 KNOTS. SCRIM NETS 12.7 CM. IN 
DIAMETER (NO. 21 WITH VOLUME METER AND NO. 23) AT 29 AND 31 M., AND SCRIM 

NET 75 CM. IN DIAMETER (NO. 2) AT 30 M. TOWED SIMULTANEOUSLY. HAULS 
327 Ai-327 C11. SEPTEMBER 9, 1937. LOCATION: CAPE Coo BAY, OFF 

CANAL ENTRANCE. DEPTH TO BOTTOM 36 M. FIGURES ARE EST!-
MATED TOTALS IN THE CATCH BASED ON I NDICATED ( ) 

NUMBER OF SAMPLES. DILUTIONS AND SAMPLES AS 
IN SERIES V. 

C. finmarchicus Metridia C. typiws Euthemisto Sagitta Volume 
cop. V. adult <;' lucens d' c;, j uv. elegans meter 

No. 21 1730 (4) 169 (5) 36 (8) 194 (5) 235 (5) 45 (T) 
No. 2 81500 (4) 8300 (4) 2760 (5) 9500 (4) 19900 (4) 3020 (4) 
No. 23 684 (7) 69 (5) 65 (5) 72 (5) ll8(5) 7 (5) 
No. 23 3200 (2) 303 (5) 59 (5) 149 (5) 905 (2) 100 (2) 
No. 2 84500 (2) 7000 (5) 2760 (5) 9150 (4) 12800 (4) 4350 (5) 
No. 21 1340 (2) ll0 (5) 260 (5) 230 (5) 155 (5) 62 (5) 1384 
No. 21 1160 (2) 76 (5) 41 (5) 256 (5) 124 (5) 117 (5) 
No. 2 51500 (2) 2700 (5) 3700 (5) 6500 (5) 9650 (4) 6060 (5) 
No. 23 1220 (2) 73 (4) 263 (4) 164 (4) 152 (5) 76 (5) 

No. 23 990 (2) 58 (5) 79 (5) 169 (5) 259 (5) 110 (5) 

No. 2 42300 (2) 2480 (5) 18300 (2) 6200 (5) 4420 (5) 6600 (5) 
No.21 785 (3) 35 (5) 605 (3) 276 (5) 107 (5) 65 (5) 1305 

No. 21 1725 (2) 176 (5) 62 (3) 228 (5) 262 (5) 100 (5) 1644 

No. 2 Haul lost 
No. 23 1940 (2) 166 (5) 89 (5) 114 (5) 272 (3) 48 (5) 

No. 21 735 (3) 79 (5) 14 (5) 169 (5) 180 (5) 27 (5) 1334 

No. 2 36600 (3) 2280 (5) 345 (5) 5500 (5) 5100 (5) 1240 (5) 

No. 23 930 (2) 79 (5) 45 (5) 117 (5) 280 (5) 27 (5) 

No. 23 1200 (2) 145 (5) 17 (5) 104 (3) 230 (5) 31 (5) 

No. 2 29400 (2) 1860 (5) 895 (5) 4200 (5) 5050 (5) 1240 (5) 

No. 21 706 (3) 38 (5) 45 (5) 121 (5) 193 (5) 52 (5) 1392 

No. 21 1350 (2) 73 (5) 204 (5) 280 (5) 320 (5) 20 (5) 1531 

No. 2 49000 (2) 3100 (5) 12400 (3) 5450 (5) 11700 (4) 1040 (5) 

No. 23 690 (3) 41 (5) 390 (5) 117 (5) 250 (5) 7 (T ) 

No. 23 950 (2) 97 (5) 190 (5) 114 (5) 328 (5) 24 (5) 

No.2 38500 (2) 2140 (5) 12600 (3) 4700 (5) 10600 (4) 415 (5) 

No. 21 575 (3) 38 (5) 760 (3) 169 (5) 120 (5) 6 (T ) 1372 

No.21 1430 (2) 90 (5) 262 (5) 131 (5) 500 (5) 27 (T ) 1741 

No.2 59000 (2) 1725 (5) 22800 (5) 3700 (3) 19000 (3) 690 (4) 

No.23 1070 (2) 79 (5) 880 (2) 107 (5) 354 (5) 5 (T) 

No. 23 Haul lost 
No. 2 49000 (2) 1725 (5) 1930 (5) 4550 (5) 7050 (5) 3040 (5) 

No. 21 1060 (2) 62 (5) 338 (5) 159 (5) 148 (5) 41 (5) 113J 
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TABLE IX 

SERIES VII. HoRIZONTAL HAULS. ScRIM NETS 12.7 cM. IN DIAMETER (No. 21 WITH 
VOLUME METER AND NO. 23) TOWED SIMULTANEOUSLY AT 29 AND 30 M. 

SERIES MADE IMMEDIATELY AFTER SERIES VI, SAME PROCEDURE 

Calanus Calanus M etridia C. typicus 

N et cop. V adult 9 9 o' 9 Euthemista Sagitta 

21 1320 (2) 93 (5) 21 (5) 190 (5) 117 (5) 69 (5) 

23 1130 (2) 152 (5) 14 (5) 121 (5) 190 (5) 59 (5) 

23 563 (3) 45 (2) 14 (5) 179 (5) 79 (5) 20 (T ) 

21 934 (2) 72 (5) 31 (5) 193 (5) 114 (5) 38 (5) 

21 493 (4) 14 (5) 124 (5) 293 (5) 110 (5) 7 (T ) 

23 290 (5) 24 (5) 55 (5) 134 (5) 48 (5) 3 (T ) 

23 193 (5) 17 (5) 221 (5) 162 (5) 131 (5) 1 (T ) 

21 586 (3) 34 (5) 355 (5) 217 (5) 93 (5) 5 (T ) 

21 586 (3) 45 (5) 217 (5) 121 (5) 97 (5) 5 (T ) 

23 598 (3) 24 (5) 286 (5) 176 (5) 103 (5) 8 (T ) 

TABLE X 

SERIES II. HORIZONTAL HAULS A'l' 13 M. ONE OPEN SCRIM NET (10 STRANDS/CM.), 
75 CM. DIAMETER. HAULS 133 A-J. AUGUST 9, 1935. LOCATION: WHISTLE 

Buoy AT WESTERN ENTRANCE TO VINEYARD SoUND (STATION 3). DEPTH 
TO B OTTOM: 38 M. FIGURES ARE ESTIMATED TOTALS IN THE CATCH. 

FIGURES IN PARENTHESES ARE NUMBER OF 29 CC. SAMPLES ON 
W HICH E STIMATE Is BASED. DILUTION FOR 0. FINMARCHICUS 

= 3000 CC., EXCEPT IN ONE INSTANCE (133B. C. FIN-
MARCHICUS V, DIL. = 6000 cc.) FOR C. TYPICUS AND 

0. HAMATUS = 300 CC. 
Centropages 

Calanus finmarchicus Centropages typicus hamatus 
I V V adult 9 adult 9 adult d"' adult 9 

(4) 3410 (2) 12900 (4) 1110 (4) 1880 (a) (a) 
(2) 8700 (2) 14700 (5) 825 (5) 2410 (5) 845 (5) 845 
(4) 2780 (3) 4180 (5) 415 (5) 1300 (5) 165 (5) 226 
(3) 4750 (2) 8550 (5) 950 (5) 2000 (5) 868 (5) 279 
(5) 1300 (5) 2080 (5) 290 (5) 847 (5) 394 (5) 186 
(3) 4200 (2) 9250 (5) 1135 (5) 1780 (5) 620 (5) 600 
(5) 2140 (5) 3200 (5) 370 (5) 1160 (5) 310 (5) 206 
(3) 4800 (2) 5840 (5) 535 (5) 1740 (5) 890 (5) 1390 
(5) 1590 (5) 4800 (5) 725 (5) 1034 (5) 165 (5) 330 
(2) 5740 (2) 6350 (5) 660 (4) 2800 (5) 1300 (5) 745 

(a) Not enumerated. 


