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The investigation of plankton volume decrease with 
time of preservation is an outgrowth of an investiga- 
tion into the coiistituent composition of plankton sam- 
ples collected in 1957, a year of marked change in the 
seasonal pattern of plankton volumes surveyed on 
cruises of the California Cooperative Oceanic Fisher- 
ies Investigations (Thrailkill 1959, pp. 4-8). The con- 
stituent study on the 1957 samples was begun about 
a year after the samples had been collected and the 
initial volume determinations made. It was soon noted 
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The difficulty in duplicating plankton volume meas- 
urements had been noted as early as 1949, but the 
magnitude of the volume loss was not appreciated 
until the systematic remeasuring of volume was begun 
on the 1957 collections. 

The lion-replicability of volume measurements 
stiinulated us to make a quantitative study of plank- 
ton volume change with time of preservation. The in- 
restigation was carried out on a group of 12 test sam- 
ples, (Table 1) selected to provide a variety of con- 
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TABLE 1. COLLECTION DATA FOR PLANKTON HAULS USED IN VOLUME LOSS STUDY' 

117'23.5' 
117'43' 
119"31i ' 

Cruise 

VII-27 
VII-27 
VII-26 

5902 .............. 

Daqs after preservation 

Station 

hlor1ths 

110.33 
110.65 
113.30 
113.40 
113.50 
120.35 
123.42 
130.35 
133.30 
107.50 
107.55 
110.90 

Lat. N 

Position I 

29050.5' 
28"46, 5' 
29022. .-I ' 
2<,00", 
28'4'" 
28'03 ' 
27'17.2' 
26019' 
"5055' 
29"50.5 ' 
29O40. 3 ' 
28'01 ' 

--I Long. W. (1959) Date 

1 15052.2 ' 11-14 
117O59' II-13 
1 lj017.R' 11-14 

Hour P.S.T. 

Start 

1218 
1911 
1732 
2231 
0526 
1258 
184i 
2211; 
09.0 
0831 
05Mi 
02 1 li  

I:nd 

12.57 
19"G 
1737 _ _  .>.14(j 
0541 
1301 
1901 
'"'30 
093 4 
0840 
0601 
0231 

Vol. 
water 

strained 
(111.3) 

"79 
4'"' 
1!1-1 
475 
487 
28" 
4(i5 
478 
47" 
513 
SS8 
5-1-1 

Temp. a t  
10 111. I)epth 

"C 

16.3 
17.3 

l(i.8 
17.1 
1 6 . 9  
18.3 
18.8 
19.0 
19.3 
20 .2  
21.2 

- 

1 Hauls taken obliquely MtI] a standard CalCOFI plankton net, 1.0-meter in diameter a t  mOllt11, apllYOYimatelY 5 IIlFterS in length,  and eailstructed of KO. 30xxx grit  gauze. 

I- 2 3 7 10 It, 20 1 1 '? 4 12 24 
Before 1 After 

Cruise 

5902.. ~ ~. . . . . 

5903.. ~. ~. . . . 
5907-- ~. . . . ~. 

____ 

.~. 110.33 
110.65 
113.30 
113.40 
113.50 
120.35 
123.42 
130.35 

.... 133.30 
.~ 107.50 

107.55 
110.90 

~ 

- 
57 
12 
50 
84 
13 

129 
25 
48 
93 
42 
77 

38 
30 
10 
40 
38 
12 
41 
15 
25 
37 
16 
38 

37 37 37 
30 30 - 
10 10 10 
39 - 

12 - 11 
39 - 29 
15 - 13 
25 25 25 
- 30 23 
16 16 15 
35 33 31 

- 
- - - 

37 
24 
10 
35 
35 
I1 
26 
13 
25 
21 
14 
31 

3.5 35 
24 24 
10 10 
35 35 
34 33 
11 11 
26 20 
13 13 
25 25 
20 18 
13 13 
31 31 

35 35 35 
24 24 24 
10 10 10 
34 34 34 
33 33 33 
11 11 11 
26 24 24 
13 13 13 
25 25 25 
17 15 14 
13 13 12 
30 30 29 

35 35 
20 20 
10 10 
32 32 
32 32 
11 11 
23 23 
12 12 
24 24 
13 *12 
10 * I O  
28 *27 

* 22 months after collection. 



After the samples had attained comparative stabil- 
ity with respect to volume loss, they were iiiteiisively 
analyzecl in order to relate ~ o l n m e  loss to the constitu- 
ent conipositioiis of the test samples. The percentage 
compositioii by volume of the major groups of plank- 
ton organisins in each test sample was determined ; 

_. __ - 

Constituents 
-~ ~ ~ ~~ 

Crustaceans 
Copepods. .. . . . . ~ ~ ~ ~. ~ 

Euphausiids-. . . . ~ ~ ~ ~ ~ ~ 

Decapod larvae-. 
Ostracods ... ~ ~ ~ ~. -. . ~ 

Amphipods.. . -. ~. ~ ~. ~ 

Chaetognaths- ~. - ~. . ~ ~ 

Siphonophores-. ~ ~ ~ ~ ~. . 
Medusae -. . . ~ ~- ~ ~. . ~ ~ 

Salps and Doliolids- ~ ~. 
Larvaceae.. ~~ ~ ~ ~ ~. . ~. 
Mollusca -... ~. ~ ~ ~ ~ ~ ~ 

Fish Eggs--.-. . . -. ~ ~ ~ ~ ~ 

~ ~ ~ ~ 

Other Invertebrates 

&POINT CONCEPTION 
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_ ~ _  ~ ~ ~, ~ ~ ~ __ 

~ ~~~ - 
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FIGURE 1 .  Stations at which samples were taken for plankton volume 
lass studies. 

the l&ds (species) of organisins were identified and 
enuiiierated ; thc proportion of the clisplacenient vol- 
~iiw of each sample that was due to  included iuter- 
siitial liquid was deteriiiined ; the ainount of dry sub- 
stances, organic substances, ash aiid nitrogen was de- 
termined per gram of plankton n ithout interstitial 
liquid. 

The test samples were collected off central Baja 
California (Fig. l ) ,  eight by the junior author in 
February, 1959, one in March, 1959, and the remain- 
ing three in July, 1959. Water temperatures in 1959 
n ere warmer than usual ; plankton volumes were the 
I inallest in a decade. Some groups of orgaiiisnis that 
11.~1 bceii conspicuous constituents of the plankton in 
pr-eTions years were absent from the 1959 samples. 
,lnionr, these, the most interesting group was the py- 
rxoiiies. These tunicates had become the dominant 
organism in niaiiy hauls made off central Baja Cali- 
fornia dnring the mid-1950’s particularly from Au- 
gust, 1955 through April, 1957. Previous to their 
m r r * p t ~ n c e  as a doininant plankton constituent, ppro- 
soiiies had been so rare as to be curiosities; by 1958 
thcy again had become uiicomnion and none was 
tpkeu in the samples reported upon in this paper. 
Ctenophores also were absent froin the test samples. 
The three test samples taken iii July, 1959, were se- 
Ic-tctl iii order to hare aii adequate represeiitatioii of 
sairiples containing salps and doliolids in the volume- 
loss studies ; these groups also were markedly less 
:~hn?idant in 1958 and 1959 than during previous 
! ears. 

The method of ineasuring displacement voluine of 
“wet ” planktoil was kept iiiiform throughout the ex- 
periment. The total voluine, plankton with its preserv- 
ing liquid was measured, the plankton was then 
separated from its preserving liquid, aiid the wliime 
of the latter determined. The plankton volume, hence, 
was the difference betTTeeii the two measnrements. The 
conristency of the iiieasurements is one pange of their 
reliability. Problems associated with “wet ‘ ’  volume 
determinations are discussed in a later section. 

The percentage composition by voluiiie of the ma- 
jor constituents of the twelve test samples is given in 
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FIGURE 2. Diagrammatic representation of constituent compositions of test samples expressed as percentage of volume one year after collection. 
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table 3 and Figure 2. Crustacean constituents are 
grouped under five categories : copepods, euphausiids, 
ostracods, amphipods and decapod larvae. The im- 
portant non-crustacean invertebrate constituents are 
placed in six categories : chaetognaths, siphonophores, 
medusae, salps and doliolids, larvaceae, and pelagic 
molluscs. The only vertebrate categories included are 
the planktonic stages of fish development-fish eggs 
a i d  larvae. The volumetric determination of the ma- 
jor  constituents was made a year or more after col- 
lection, at  a time when the preserved volumes had at- 
tained comparative stability. This is an important 
point to keep in mind. Had the determination been 
made within the first few days of collection, the per- 
centage composition would have been quite different- 
higher fo r  salps and siphonophores, lower for crusta- 
cea, niolluscs, and chaetognaths. Had the determina- 
tion been made before preservation, it would have 
been more markedly different yet. 

Volume shrinkage a t  preservation. 
A striking change in the volume of plankton samples 

occurs at preservation (Fig. 3 ) .  The initial deter- 
mination of wet volume mas made on freshly col- 
lected material. Tmmediately following this measure- 
ment, the sample was preserved with three percent 
buffered formaldehyde solution. A measurement of 
the preserved volume was made within 10 to 15 min- 
utes of preservation. 

Information on volume loss at preservation is avail- 
able for 11 of the 1 2  samples. Immediate shrinkage in 
volume a t  preservation ranged f rom seven percent t o  
53 percent of the live volumes. I n  only one sample 
was' the percentage loss at preservation as little as ten 
percent, in only one was it as much as 50 percent; of 
the other nine samples, three had losses of 11 to  20 
percent of the l ire volume, three had decreases of 21 
to 30 percent, and three of 31 to 40 percent. 

Volume loss during the first day a f t e r  preservation. 
The rapid shrinkage of the volume of many sam- 

ples continued during the first 24 hours after pres- 
ervation. Five samples showed a loss of between 32 
percent to 40 percent of the initial preserved volunie 
a t  the end of one day of preservation; in these, si- 
phonophores and/or salps-doliolids predominated. 
Three samples showed no volume loss during this pe- 
riod : All three slamples were composed almost entirely 
of crustacaens and chaetognaths. The remaining four 
samples showed intermediate losses of from five per- 
cent to 26 percent; in these samples crustaceans and 
chaetognaths predominated, but siphonophores and 
salps made up a part  of the volume, except in the 
sample from station 5903-133.30. The rapid shrink- 
age of plankton organisms duriiig the first day fol- 
lowing preservation probably results from a water 
loss, especially marked in jelly-like constituents. 

Several measurements were made on most samples 
during the first 24 hours of preservation, but the pat- 
tern of observation was not uniform enough from 
sample to  sample t o  permit their incorporation into 
table 2. The sample from station 5907-107.50 had the 

most marked volume decrease of any in the series. 
After 78 hours of preservation, the volume of the 
sample was less than a third of the live volume. The 
decrease noted at intervals during this period was as 
follows : 

Sample from 5007-107.50 
Time o f  observation V a l .  (nil.) 

Before presenation 9:: 
After presenation _ _  - _ -  10 min. 60 

. 1 hour  56 
4 hours 50 

11 hours 4 1  
24 hours 37 

_____._ _ _ _  78 hours 30 

This sample has shown a volume loss on each sub- 
sequent measurement. The final measurement (12 
ml.) ,  made 22 months after collection, was only 13 
percent of the original live volume. Even after one 
year of preservation, salps and doliolids made up  
over *50 percent of the volume of this sample. Orig- 
inally they may have constituted as much as 95 per- 
cent of the total volume (discussed in concludin, sec- 
tion of paper). 

The volume loss in the sample from station 5903- 
133.30 is different than that for  any other sample in 
that there was a considerable shrinkage at and imme- 
diately following preservation but the sample soon 
reached an equilibrium volume : 

Sample from 303-133.30 
Tinze of observation TiOl .  (1111) 

Before preseri nt ion 48 
After preservation - _ 1 2  min. 34 ' _ _ _ _ _ _ _ _ _ _  3 hours 25 

_ 7 hours 2.5 
_ _ _ _ _ _ _ _ _ _ _  24 hours 23 
_ _ _ _ _ _ _ _ _ _ _  2 years 24 

" 

' I  

The equilibrium volume was reached within three 
hours of preservation. The change in  volume of this 
sample during the succeeding two years amounted to 
only 1 ml. or  four percent. With regard to the con- 
stituent composition of the s a m p l e 4 6  percent by 
volume consisted of crustacean plankton, 45 percent 
of chaetognaths and 8 percent pelagic molluscs. Since 
the exoskeleton of crustacea and the shells of ptero- 
pod niolluscs prevent marked shrinkage (except for  
withdrawal of molluscs within their shells), the major 
adjustment in volume a t  this station must have oc- 
curred in the chaetognaths. 

Volume loss subsequent t o  the 
first duy of preservation. 

The volume at  one day after preservation is taken 
as the standard by which t o  gauge the subsequent 
shrinkage in plankton volumes of preserved samples. 
The rapid rate of shrinkage, observed for most sam- 
ples a t  preservation and during the first 24 hours 
thereafter, was markedly slowed down after a day of 
preservation. Some samples showed little or no volume 
loss after the first day, others showed a continuing but 
decelerating decrease with time. 

The percentage loss in plankton volumes from the 
reference volume at  one day after preservation is 
shown for four time intervals in table 4 :  10 days, 30 
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FIGURE 3.  T e m p o r a l  decrease i n  volumes of test samples, expressed a s  p e r c e n t o g e  of the i r  l ive  volumes. 
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._ 

Crust. 
~~~ 

74 
16 
90 
89 
19 
80 
38 
66 
38 
16 
35 

days, one year, two years. The samples are arranged 
in this table according to increasing volume loss. I n  
order to relate loss in volume to constituents, the 
gross composition of each sample is indicated under 
four categories : crustaceans, chaetognaths, coelenter- 
ate-thaliaceaiis and other constituents. 

Four samples showed little or no volume decrease 
(zero to eight percent) over a two-year period. These 
samples contained less than one percent by volume 
of coelenterate-thaliaceari constituents and 90 percent 
to nearly 100 percent of crustacean and chaetognath 
plankters. 

At the other extreme, four samples showed losses 
of between one-third and two-thirds of their reference 
volumes. I n  these samples coelenterate-thaliacean con- 
stituents made up  47 percent to 78 percent of the vol- 
umes (after one year of preservation). 

The samples that were intermediate iii volume loss, 
had a preponderance of crustacean-chaetognath con- 
stituents, except for the sample from station 5902- 
113.50. This latter sample, in which siphonophores 
made u p  70 percent of the volume, had only a moder- 
ate volume loss. It is commented upon more fully in 
a later section. 

~.________ ~ ~- 

Chaet. Coe1.-Thal. Other Const. 
- ______ 

26 * * 
45 1 8 
10 * * 
10 1 
5 70 (i 
8 6 

42 
16 3 
9 47 B 

10 
8 

10 
I 

Constituents 
The discussion thus f a r  has dealt with the pattern 

of temporal decrease in plankton volumes! as related 
grossly to doniinant constituents. The specific compo- 
sition of the samples is treated in table 5. It has been 
necessary to deal with numbers of individuals rather 
than their volumes in this table. The table has been 
assembled with the help of a number of scientists (see 
Acknowledgements). Specific identifications are not 
available for several minor constituent groups includ- 
ing ostracods, larvaceae, and some decapod larvae. 
Ctenophores were absent from the samples, annelids 
nearly so. 
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8 

13 
13 
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54 

Copepods 
Copepods were the dominant constituent in three 

of the four samples that showed the least volume loss 
with time (Table 3 ) .  The three “copepod” samples 
were collected near the coast, a t  stations having 
depths of 50 fathoms or less (Table 1). 

Calanzis helogolandicws was the most abundant spe- 
cies in two of the three samples (Table 5) .  I n  the sam- 
ple from station 5902-110.33 it outnumbered the com- 
bined total of all other copepods by nearly five to one, 
while a t  station 5902-120.35 it was nearly as numerous 
as all other copepods. At  station 5902-113.30, Calanits 
helgolanclicus was outiiuniered by Paracalanzss parvus,  
but was still the dominant species in volume. It is 
interesting to note that although these three samples 
contained a larger number of copepods than the other 
test samples, they contained fewer species per sample. 
Copepods made up  6 percent to 38 pcrcent of the 
volumes in the other test samples. 

Euphausiids 
This group contributed significantly to the volumes 

of six samples taken a t  night (11 to 30 percent) but 
was a minor element in day hauls (one to three per- 
cent). Undoubtedly this resulted from the vertical 
movement of larger individuals into the stratum sam- 
pled a t  night. Although there is no reason to assume 
that euphausiids would decrease appreciably in vol- 
ume, if a t  all, during preservation, they were asso- 
ciated with samples that showed moderate to heavy 
volume losses. Euphaus ia  eximia and Nyctiphanes sim- 
plex were the most consistently abundant species ; 
Neniatoscelis dificilis, Ezcphazcsia gibboides, S ty lo-  
chciron af ine,  and Ezcpkausia recurva mere important 
constituents in one or more of the samples. 
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8 
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20 
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, 65 

TABLE 4. COMPARISON OF PLANKTON VOLUME LOSS W I T H  CONSTITUENT COMPOSIT ION OF SAMPLES 

Pcrcentage Loss in Plankton Volume from Volume 
a t  1 Day After Preservation 

~- 

Time Interval 

I -___ 
Cwiw and Station 1 10 Days 30 Days 1 I Year 2 Years 

0 
4 
8 
8 

10 
20 
20 

**29 
33 

**38 
44 

**68 

* Present, volume less than 0.5% * *  22 months. 
Abbreviations in Table 4: Crust., Crustaceans: Chaet., Chaetognaths: Coel., Coelenterates; Thal., Thaliaeeans; Other Const., Other Constituents. 
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I 

Diphyes hojani 
Eudoxoides spiralis 

E. mitra 
Lensia campanella 
L. challengeri 

I' " 

" ' l  

L. subtiloides 

Muggiaea atlantica 

Nectodroma reticulata 

't ,, 

~~. 
Halistemma rubra Br.._. ~ ~ ~ ~. ~ ~. 

Sulculeolaria sp. Inf. N.-.--..-- 

Medusae 
Aglantha digitalis.. ~ ~. . ~ ~ ~. . ~ ~ ~ ~ ~ ~ . . ~ ~ 

Liriope tetraphylla. - -. ~ ~ ~ ~. . . ~ ~ ~ ~ ~ ~ ~ ~. 
Rhopalonema velaturn.. ~ ~. . . . ~ - ~ ~ ~ ~ . ~ ~ ~. 

* Juveniles. 

c 

10400 

50 

500 
2100 

450 

8 

110.6: __ 

1 

24 
5E 
4c 
9t 
4C 

1 

296 

4 

4 

2 

3 
3 

24 

175 

251 

50 
5 

18 
6 
4 

97 
182 

17 

78 
280 

9 
1 

8 

113.31 __ 

1: 

3720 

1 

232 
633 

1 

8 

Cruise 
5902 

__ 

113.4( 

1f 
24 

21t 
5f 
8E 
4E 

E 
E 

501 
24 

3 

10 

3 

2320 

440 

780 
50 
1 

350 

250 
78 

10 
8 

96 
200 

17 

8 

9 

1 

113.51 
~ 

3: 

81 
4: 

lot 

4 

24 

8 

204 

131 
1 
1 

14 
8 

31 
G 
2 

1 

4 

1 

73 
50 
2 

120.3i __ 

3: 
t 

C 

3200 

4 

24 1 
210 

154 

80 
8 

123.4 __ 

3 

B 
41 

I 

4( 

E 

31 

2728 
e 

8 

168 
16 

456 

32 

160 

16 

16 
8 

1 

72 

8 

130.3! 
~ 

7: 
281 
211 

1: 

4 

BE 

640 
2 

12 

15 
1 

112 

111 
2 

5 
3 
9 
5 
3 

3 

11 
1 
9 

2 

__ 
~ 

Cruis 
5903 

133.3 

5 
4 

! 

430C 
If 

656 

872 

192 
4 
6 

192 

2 

8 
16 

107.51 __ 

8: 
41 

1: 

8- 
2s 

E 
4 

4 

4 

20 

84 

36 
18 
21 
2 

10 
23 
6 

197 
1 
2 

4 

4 
118 
52 
4 

79 
114 

2 

10 

8 

1 

24 
504 

Cruise 
5907 

___ 

107.5: __ 

1: 

4 

E 

36 
164 

4 

1 

36 

28 

19 
4 

154 

4 
15 
40 

189 
3 

4 
108 
29 

407 
709 

8 

6 
1 

6 

120 
84 
8 

~- 

110.90 

8 

8 
24 
0 

1 G  

104 
40 

8 

72* 

84 

900 

400 

200 
50 

900 

51 
17 

992 
1513 

8 

10 
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TABLE 5. SPECIES COMPOSITIONS OF PLANKTON SAMPLES USED IN VOLUME-LOSS STUDY-Continued 

C r u i s e  
500' 

1 
1 110.33 
I--- 

C r u s t a c e a n  C o n s t i t u e n t s  

3 

3 

8 

8 

7 
40 

1 

39 

79 

1 
117 

1 
4: 

1 

10.65 __ 

20 

4 

2 
1 

Soin 
4 

11 

1 

1' 

13.30 
~ 

" 

5 2  

12 
46Y 

E 
12 

I 

11 

48 

__ 

13.40 

33 

B 
2 8  

11860 
9 

43 

2 

3 

3 

2 

1.5 

3 

1 
414 

9 

1 
1 

1 

1 
i 
4 

1 

I 

2' 

2 

4420 

2 

1 
7 

1 

10 
1 

2 

1 

4 

4 8  
8 

8 

10 
1 

1 

71 

1 

1 

14 

23.42 
~ 

271, 
24 

4000 
45 

3 

2 

5 
12 

11 

H 
6 

25 

1 
1 

1 

2 

1 

30.35 
~ 

352 
"3 

40 

1 

e 
23 

1 
1 1 .5 

15: 
7 

1 
1 

1 C  

~ 
~ 

'nrise 
5003 

g* 

15 
1 

2110 
(i-10 

55 

3 

1 

4 

4 
13 

4 

1 
> 

1 

3: 

Ahhrerstions in Table 5 :  
A-Adults 
1--Jur eniles 
&Larvae 
Nect .-Neetophore 
sup.  N.-Superior Nectophore 

Inf .  N-Inferior Nectophor? 
Br.-Bract 
Eud.-Eudoxid 
Gon.-Gonophore 
Polyg.-Polygastric stage 

Gonzo.-Gonozooid 
Phom-Phorozooid 
S.N.G.-Stage not given 

Agg.-Aggregate 
Sol.-SoIitary 

65 

216 
14 

G 

10 

424 
7 2  

9 

ii 

232 

1 
1 

35 

1 
7 

20 

1 
122 

4 

2 

1 

5 

3 

43 

1 

8 
1 
2 

I 

Cru ise  
5907 

07.55 

07 

16 
1 

574 
72 

4 

1' 

12 

8 

16 
2 

1 

21 

101 
2 

2 

1 

< 

10.90 

274 
10 
16 

70 
8 

4 
1 

630 
1 

6 
12 

23 

162 

3 

6 

170 
6 

7 

5 
2 
4 
1 

155 

3 

1 



Decapod larvae 
Decapod larrar were iiiipot,taiit constitneiits in the 

campies itndieil ; tliey mndr 111) 9 percent to 30 per- 
w*:t of tlle volumes in half of the samplcs aitd were 

~ n t  in all The four samples that showed the least 
change in volume v i th  time contained 4 percent. 25 
ipiweilt, 9 percent and 11 perceiit b>- roliuine of de- 
c>ano(l la  rrae, with P1piii.o t i  codes pln  wipe s coiitribnting 
all  (>I* most of the voliimc in e a c h  instance The sample 
41; n-hicah clccapod larrne 11iitdc the larcest percentage 
cvI:ti.ihution to the ~oluii ie (5902-1 30 35) contained 
j-oi1ng of pa\ipIiaeid shrimp. Ti1 only this iiiqtance did 
a drcapoil otlrer than Pleiri-owcodes contrit iitc siqnifi- 
cn7itlp to test sample Tolunies. 

Chaet fignaths 
(’h;tdoci~atlis v el-e coiiiistcntly important coiistitii- 

entq in the test samples; in a third of the samples 
th-ir ro!umetric contribiition ranr.rd het~vem 16  per- 
ce11: and 45 percciit, in another tliiid it v a i  t e n  per- 
cent ,  axld in tlir yriiiaining third the ~ontrihntioii was 
between five percent and ninr percent. 

Chaetopiiaths were important constituents in the 
foi1.r sainples that showed the least roluiiie loss snbse- 
cliient to the first day of preservation. The sample 
from station 5902-113.30, contaiiiiiig 26 percent by 
roliime of chaptoguaths, showed no loss daring thi? 
time lxriod niid the sainple from station 5903-133.30, 
contairliiig 4.13 percent by volume of chaetognaths, suf- 
fered oiily a fonr percent reduction in uolnnie. Thus 
chaetognaths appear to conserre their “preserved” 
volume. 

TT‘C hare, however, previously commented upon the 
fact that there must be a rather marked volnme loss 
in cbaetognaths a t  preserration. At least this is our 
interpretation of the volume loss in the sample from 
station 5903-133.30 a t  preservation. The “preserred” 
rolume is jnst slightly niore than half the lire ” 
77olurne of the sample. 

Chaeto:)iiaths made up 45 percent of the preserved 
volume. The only important constituent groups in this 
sample other than chaetognath? mere crustacea and 
molluscs, botli of which h a w  an esternal skeleton that 
precliides shrinkage. The most abundant species of 
chaetognath in this sample, Saqitta enflntn. i i  also 
the largest and the flabbiest. Most of the initial vol- 
ume 105s in this sample may he attributed to this 
species. 

Siphonophores 
The pliysonectid siphonophores fragment o n  collec- 

tion, aiid the counts of nectophores and bracts, coli- 
sequcntly, represent only parts of colonies. The less 
complex calycophorid siphonophores inrariablj- had 
the inferior nectopliores (if developed) separated from 
the superior nectophore in the polygastric stage and 
usually had bracts separated from gonophores in the 
eudoxid stage. The two types of nectophores are sep- 
arately tabulated but counts (with one or two excep- 
tions) of the endosid stage are based on counts of 
gonophores. 

Siphonophores were an important constituent in 
over half of the test samples aiid the doininant con- 
stitutenl in two. These latter samples offer an iiiter- 
csl inp cwntrast. The dominant species in the saniple 
from station 5902-110.65 was A g n l m a  okev i .  ‘The nec- 
tophow? of this species have now collapsed, the bracts 
h a r e  1;ecoiiie limp. The sample had lost a third of its 
L clfeLwce rolunie after 2 years of preservation. The 
sainple from station 5902-113.50, containing a higher 
percentage of siphonophores, had lost only a sixth of 
its refcrence volume. The important species in this 
sample TT as Sectodronzu reticzilafa, present in both the 

itrie and eudosid stages. Tn o polygastric speci- 
iacle np half the volnnie of this sample. These 

two specimeiis were rrnioved and scparately nieasiired 
aftrr the tenth day. They showed no suhseqneat rol-  
iiiiie loss. The bracts and gonophores of the eudosid 
stag(. of this species occurred in much larger iiiiinbers, 
but occupied considerably less voluiiie. 

Of the remaining species of siphoiiophores in the 
test sainplcs, some hold up  less  ell in  preservation 

1 o-thcm. Nectophores of i l l i iggiaea atlantica c01- 
,eL;. On t!.r other hand, EudwoideC spiralis held 
91 ape ~ ~ 1 1 .  Claclopli yes  nppeiit2icirlafa, also stood 

7 ~ 1 ~ 1 1 ,  ere11 with rep(1ate.d handlin:. There can be 
ritflc tlonht that iniicli of the Tolunie loss in siphono- 
p!Tc)?.cs rrs1i:ts from collapse of iiectophores, bracts{, 
a ; d  :oiiopliores. ancl that the amoiint of rolnine loss 
i i  variable from species to species. 

Thaliacea 
Salps ancl doliolids did not contribute significantly 

to th(1 T oluiiies of the test samples collected in Febru- 
ai- i *>902), except a t  station 5902-123.42. For  this 
I cawii, s-rcral additional samples contailiing salps 
and (:oliolids n-ere sclccteil aiid includcd in the test 

Thr tlii-e(, wiiiples TT hich showed the largest .i.olume 
lois dnrinp prew.ration cmitainrcl from 40 per- 
cr:st to 52 percent by roliime of salps and doliolids 
aftm oiic year of prescrration. I n  two of these, 5907- 
107 50 aiicl 3907-107.55, the doniinaiit constituent mas 
tbe salp, Thnlin dewiocrntica, in the other sample, 
f rwi  5902-1 23 42, the dominant constituent was the 
sal?, P r q c a  co i i f r /cde i*ntn .  

Mollusca 
T!ic pelagic molliiscs in the test samples were almost 

all s1:clled forms that retained their “live” volume, 
mwpt for n-ithdran a1 iiito their shells. Only one spe- 
cies T.iiizaci?za i n f l a fn  was conimoii to abundant i n  
most samples, accounting for most of the volumes 
shown for mollusca. Linincina troclii[ornais was com- 
11 on in  only one sample, although it occurred in half 
of tl:c test samples d t l a n f a  spp. occurred in most 
samples but did not  contribute significantly to the 
rolI11nPs. 

Fish eggs and larvae 
Fish larvae shrink on preservation, but soon come 

to an equilibrium Tolame. Fish eggs shrink but 
slightly, if a t  all. Xeither would contribute signifi- 
cantly to volume loss after the first day of preserva- 

e. i(x: cliiriii(> the Ju1~-  crniqe. 



R1~:PORTS TOI,UMD IX,  1 J U L Y  1960 TO 30 J U S E  1‘36% 6 i  

Cruise & 
Station 

5902 
110.33 
110.65 
113.30 
113.40 
113.50 
120.35 
123.42 
130.35 

5903 
133.30 

5907 
107.50 
107.55 
110.90 

tion. Pi41 larvae made up one pereelit to four percent 
of the voiunies in four samples. Most of the contribu- 
tion mas made by Engradis  wordax larvae in sample 
5902-1 l:J.40 while in the other three samples the hi- 
portant constituent was Vinciguerria Zzicetca larva(.. 
Fish ec:,rrs made up three percent of the volume in sta- 
tioii ~902-113.30 and fire percent of the volume in  
station ,5903-130.3>. I n  the former, eggs of E?igraziZis 
niordax preclomiiiated, in the latter, those of Lepido-  
pzrs xnnf7rs i .  

rrWet” displacemeist volmnes of plankton 
Througllout tlic ;)resent study, “wet” plaiikton vol- 

iiines n e r e  detei*inined in a similar manner. The total 
voluinc of p l a i i l~ to i~  plns prcserving liqnid was meas- 
nrc.:! i i l  ii :riidiiat4 cslintler. The sample was then 
po1xed iiit o a fruinel-shaped silk strainer, the plank- 
to11 being rclitiined, the pi-eserving liquid being caught 
in aiiothcr gradnatecl c>-linder. Each sample was al- 
lo~vc t l  to drain for fire minntes before a measurement 
n a s  taken of the preserving liquid. The determination 
of the ‘ .we t”  plankton volume was a n  indirect meas- 
urement,  b a d  o n  t h e  differe1ic.e in the volume of the 
sample plus it., preserving liquid and that of the 
liquid alone. This type of niea\urciiient mas utilized in 
order to  keep tlic handling of the plankton itself t o  a 
mjnimiim. In orc1c.r t o  niinimiw loss of liqujd by ah- 
sorption into the screening material the strainer was 
dainpci:cd bdore vse. 

The plankton strainer is a cone of No. 56xxx grit 
gauze attached to a plastic rim. Early experiments 
had \hewn that for consistency in volumetric deter- 
minatioii. it is essential that the silk strainer be free 
from contact mith other objerts. Such contact points 
often result in “mater poc1;ets” which prevent ade- 
quat (> (1 raining . 

There I \  ii po\sibility that the periodic remeasure- 
ment of the volumec, of the test samples hastens the 
voluiiie low i n  some samples. Volume loss currently 
is bPing follomd in two collections of salps obtained 
off southern California in May, 1962. The salps from 
each collection n ere separated from the other constitu- 
ents of the .;amples before preservation, and divided 
into t n  o snbsamples, one of which has been remeas- 
ured fire times in four months, the other 24 times. The 
samples that hare been repeatedly measured, show 
only one to two percent greater volume loss than the 
sample? that have been measured only a few times. 

Total volume 

“net” 
of drained Volume of Volume of Percentage 

interstitial organisms interstitial 
liquid plankton (nil ) liquid (inl.) only (ml.) 

_ _ _ _ - _ _ _ - _ _ ~ -  

35 12.0 23 .0  34 

32 11.0 21.0 34 

11 5 . 0  6 . 0  45 
23 7 . 5  15.5 33 

20 5 . 5  14.5 28 
10 4 . 0  6 . 0  40 

32 5 . 5  26 .5  17* 

12 5 . 0  7 . 0  42 

24 8 . 0  16.0 33 

12 4 . 5  7 . 5  38 
10 4 . 0  6.0 40 
27 9 . 0  18.0 33 

Percentage decrease i n  
volume during first four  
months  af ter  preserva-  
tion of sample  when  
remeasured 

Organisnz S/, t imes 5 times 
Ralpa fusiformis-sol i tary form 51.5 49.7 
Sa2pa fusiformis-aggregate form 51.2 50.0 

Interstitial liquid 
A measurement of a drained wet plankton volume 

consists of two quantities : the plankton itself and the 
adhering or interstitial liquid. Unfortunately, the lat- 
ter quantity is f a r  from negligible and is somewhat 
variable in relative amount from sample to sample. 

hlvestlgators h a w  tried to minimize the amount of 
interstitial liquid by various techniques including 
blotting, air drying, and vacIiu111 filtration. This 
problem ha\ engaged the attentioil of a number of sci- 

&ley 1954, Yentsch and llebard 1957, Pro- 
lander 1957, and Tranter 1960 are recent contriba- 
tors. Alost methods are devised for m a l l  samples and 
arr  iiiiprac ical for the largc \.olumeb usually obtained 
on CalCOFI  cruises. 

W e  employed a colorimetric technique for deter- 
miiiiiig the amount of interstitial liquid remaining in 
drained test samples. This technique is based on 
changes in optical density of an India ink standard 
that result5 from dilution by interstitial liquid when 
a w t  plankton sample is added to it (SutcliEe 1957) .  
Thc “i,tandard” solution is made u p  of one part  of 
Tiidia ink iii 6,000 parts of three percent formalde- 
hyde solution. This is accomplished in two steps: first 
a stock solntion is made up, consisting of one part by 
ro!i:nie of Iiitlia ink aiitl 99  parts 01’ three percent 
forinaldehyde solution ; a standard solution is made 
bj- iiii:,i~~g one part  of the stock solution with 59 parts 
of a ~ i ~ r  ee percenl fornialclehyde solution. The stand- 
ard solulioli is calibrated, using a Klett photoclectric 
colorimeter. Changes in optical density ralues that 
ri snlt f rom progressive dilution of the standard with 
tiirec percent fornialdehyde solution are determined, 
ant1 a curve prepared. 

The drained plankton sample is added to a known 
volume of standard, the plankton and standard are 
thoroughly mixed, and a quantity of the liquid is pi- 
petted OR. To prevent taking up  plankton organisms 
in the supernatant liquid, the pipette is fitted with a 
sniall silk filtering cone. The optical density of the pi- 
peticcl liquid is then obtained, and the amount of di- 
lution b>- interstitial liquid is determined from the 
dilution ciirve of the standard. 

Estimates of the amount of interstitial liquid in the 
twelve test samples are given in table 6 and Figure 4. 
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FIGURE 4. Diagrammatic representation of the percentage that in- 
terstitial liquid, plankton, and dry substances constituted of the 
stable preserved volume (weight) measurements of test samples. 

The range in ralues is from 17 percent to 43 percent 
of the total wet volumes. Except for the sample from 
station 5902-113.50, no sample had less than one part 
of interstitial liquid to three parts of plankton and 
eight of the twelve samples contained between 31-40 
percent of interstitial liquid. Several tests were made 
in  order to eliminate adsorption as a possible source 
of error in our colorimetric determinations. Adsorp- 
tion was found to be negligible. 

The sample from station 5902-113.50 is not strictly 
comparable to the others, because of the circumstance 
that half its volume resulted from two specimens of 
the siphonophore, Scctodroma re t icdata .  Interstitial 
liquid was separately determined for  these as f o l l o m  : 

Wet vol. 
(ml.) 

_ _ _ _ ~  __ -~~ 

Portion containing 
two specimens of 

Amount, of 
interstitial 

liquid 
in inl. 

Vol. of 
plankton 

alone 
(ml.) 

0 . 2  I 15.8 
I 

Percentage 
of 

interstitial 
liquid 

~~ 

1 

Remainder of 1 I 
sample ~........ I 16.0 I 5 .3  I 10.7 

The portion of the samples containing the two speci- 
mens of Nectoclrorna caused practically no change in  
the optical density of the standard. This observation 
is interesting for two reasons: it shows how little in- 
terstitial liquid may adhere to  larger specimens of 
"jellies' ') and it affords indirect evidence that adsorp- 
tion of the colloidal carbon particles of the standard 
011 the surface of the specimens was negligible. The 
remainder of the sample contained about 33 percent 
interstitial liquid, hence approximates the median 
value for interstitial liquid in the other test samples. 

Our values1 of 28 to 45 percent interstitial liquid in 
the 12 test samples are only slightly higher than those 
reported by Riley, Stommel and Bumpus (1949) and 
Frolander (1957). The former investigators removed 
interstitial liquid by rolling plankton animals on filter 
paper. They obtained weight losses of between 20 and 
30 percent in most samples tested in a group of about 
20, but had losses as high as 45 percent. Frolander re- 
ported average volume losses of 19.4 percent for one 
group of 10 samples, 27.5 percent for a second group 
of 10 samples when interstitial liquid was remored by 
vacuum filtration. 

Removal of interstitial liquid by  blotting 

The commonest techniques for removing interstitial 
liquid is by blotting. Determinations of interstitial 
liquid were made by both blotting and colorimetric 
measurement on a sample of 2,000 indiriduals of 
Calanzis helgolandicus, separated from 5902-110.33. 
Dry weight and ash weight determinations also were 
made on this sample. 

Determinations made on 2,000 Calanus helgolandicus 

Interstitial liquid was determined by the colori- 
metric technique and found to be approximately 54 
percent of the wet volume. The sample way washed 
with formaldehyde solution, allowed to drain for five 
minutes, and its wet weight determined. Interstitial 
liquid was then removed by blotting and air drying. 
The sample was again weighed and the weicht loss 
attributable to interstitial liquid was determined to  
be approximately 60 percent of the wet weight. Con- 
sidering the limits of precision of the two techniques, 
the resulting values for interstitial liquid are closely 
comparable. However, the values for interstitial liquid 
are greater than those obtained in mixed plankton 
samples. 

I n  our  experience the blotting technique is most 
reliable when used on organisms with an exoskeleton. 
Blotting of samples containing salps or siphonophores 
can give an overestimate of the interstitial liquid by 
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TABLE 7. DRY WEIGHT DETERMINATIONS OF PORTIONS OF TEST SAMPLES 

Percentwe of 
wet weight 

due to  
plankton 

69 

Estimated 
weight of 
plankton 

alone Station 

66 
72 
60 
60 
67 
;7 5 
68 
58 
67 
63 
60 
67 

i Wet' 
weight 

2.257 
3.060 
0.771 
4.118 
1.719 
1.092 
1.683 
1.487 
1.211 
1.150 
0.669 
1.876 

3.420 
4.250 
1.285 
6.240 
2.565 
1.985 
2.475 
2.520 
1.810 
1.825 
1.115 
2.820 

11.4 
10.6 
9 .6  

13.7 
11 .0 
11.4 
10.9 
10.7 
11.4 
12.3 
10.7 
9.5 

85 
74 
89 
44 
fi8 
90 
40 
43 
38 
16 
50 
10 

5902-113.30-- ~ ~~ 

5902-120.35.- ~~~~ 

5902-113.50- ~~~ 

5907-110.90-- ~~ 

5902-110.33- ~ ~~ 

5902-110.65.- . 
5902-113.40.--- . 
5902-123.42.. . 
5907-107.55. ~~ 

5903-133.30- - 

FY 
weight 
(grams) 

110 
101 
99 
96 
9.5 
85 
83 
83 
82 
78 

0.216 
0.260 
0.085 
0.340 
0.170% 
0.110 
0.140 
0.170 
0.095 
0.065 
0.055 
0.180 

11.7 
9.7 

13.6 
10.6 
10.8 
9.3 
8 .8  

Ash 
weight 
(grams) 

92.8 
g1.2 
92.2 
89. (i 
U4.0 
$11 . 4  
89.7 

0.0130 
0.0223 
0.0061 
0.0350 
0.0133 
0.0097 
0.0090 
0.0164 
0.0114 
0.0116 
0.0048 
0.0188 

Dry substance 
per gram 

of plankton 
(grams) 

0.095 
0.085 
0.110 
0.083 
0.099 
0.101 
0.083 
0.116 
0.078 
0.056 
0.089 
0.096 

Wet ITeight of plankton plus interstitial water. 
Two polsgastric specimens of Nectodroma ret iculata excluded from determinations 

reniovinn part of the body liauids from the organisms Dry weight 
" -  

(orerdrvinp) . The volume of the two pol;-gastric 
specimens of Nectogroma re t icdata from station 5902- 
113.50 was reduced to from 17 to 14 ml. by orerdry- 
ing with a blotter. When put back in preservative 
these specimens regained their former rolume after 
several days. Overdrying of salps such as Iasis  zonnria 
on the other hand, has resulted in a permanent de- 
crease in preserved volume. Orerblotting of some kinds 
of salps and ctenophores has resulted in the physical 
breakup of specimens. Physical rupture of specimens 
was more often observed when the technique of 
racuiini filtration was employed to remove interditial 
liquid, however. Vacuum filtration also niay induce 
overdrying of specimens. This technique has to be 
used with caution. 

F o r  most plankton samples, weight aiid roliiiiie are 
readily convertible: 1 ml. of plankton weighs ap- 
proximately one gram. This comparison has been madr 
on a number of plankton samples and constituents ; 
of the common constituents oiily pteropods do not 
conform. Hence iii some parts of the discussion that 
follows, we have used grams or milliliters of plankton 
interchaigeably. In many of our experiments. deter- 
minations of both weight and rolume were niadc. 

- 

A dry weight determination of plankton has certain 
definite advantages. Water is eliminated, both inter- 
stitial and that within the organisms, only organic and 
inorganic substances contained in the bodies of the 
plankters remain. This determination, therefore, is a 
more basic one for evaluating the potential food ralue 
of the standing crop of plankton than a deteriniliation 
based on wet volume or wet weight. 

Dry weight determinations made on fractions of the 
12  test samples are given in table 7. These determiiia- 
tioiis were made 23 to 26 months after collection of 
the test samples (in June, 1961). The plankton nsed 
for dry weight determinations had tmo categories of 
organisms removed, pteropods and fish eggs and lar- 
vae. The former category was excluded because it was 
felt that their calcareous shells would make the dry 
weight determinations hard to interpret. Riley and 
Gorgy (1948) have shown that the dry weight of 
pteropods was approximately 83 percent ash aiid only 
17 percent organic matter. 

The 12 test samples are arraiiped in table 8 in 
descending order with respect to amount of dry sub- 
stances (D.S.) per gram of plankton. Also  coiitained 
in this table are organic substances (0,s.) and nitro- 
gen content (ZN)  expressed in mg. per gram of 

I -_____ I- 1 , 

105 
102 
9' 
91 
86 
89 
78 
74 
78 9 .5  93.6 
75 I 10.2 1 01.3 

9 . 6  
7.2 
8 .8  
7.8 

6.0 
8 .6  

10.3 
6 . 4  
8 .7  

12.0 
17.8 

10.4 

xN mg. 1 Crustacea 

I 
Chaet- Coelen- 
ognaths terates 

9 
26 
10 
11 
17 
10 
10 
48 

5 

1 
45 
12 

60 
9 

* 

* 

10 1 25 

Thaliacea 
____ 

1 * 
* 
* 
3 * 
* 
* 

52 
42 

1 
55 

3z Precent. hut less than 0.5% by volume. 
D.S., Dry Substanrus: O.S., Organic Substances: ZN, Xitrogen Content. 
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Per 1 g 
plankton 

_ _ _  

Per 
Per 100 

100 1ng. rng. 
n s  ~ os .  

I )ominant 
orrtnisin 

Crustacea ...------- 
Crustarea- 

1-1- 1- 

No. n.s. D.S. 0.s. As11 Z N  I CN 
ai-e. 

ples mg. nig. nig. nix. x:: ~ mg. 
Sam- ai-e. range are. ave. ~‘ -- 

5 103.6 (9.5-llii) 91.6 -8Tl 10.8 i 11.8 
i 

C o p e p o d s ~ ~ ~ . ~ . ~ . - . ~ . ~ ~  173 147 26 
Chaetognaths ..... ~. ~ ~ ~ ~ 134 98 36 
Euphausiids ............ 107 14 
Thaliaceans ........... 1 17 ~ 9i ~ 11 

chartognatIi------i  2 
Crustacea- ‘ * q  

coelenterate -. . . . ~ 2 
Thaliacean.._------  3 I 80.5 (78-83) 88.8 11.2 10.7 12.0 

9 2 . 0  (85--99) 91.8 ~ 8.2  , 1 2 . 3  13.4 
73.7 (50-83) , 8‘3.0 11.0 11.1 12.5 

Their values are instructive in several respects. For  
one thing they point up  the marked differences that 
obtain in both dry substances and organic substances 
betn een constituent groups at time of capture. The 
tkaliaceaiis contain only four percent as niuch O.S. 
per grain of organism as do copepods, and six percent 
as much O.S. per gram of organism as do chaetog- 
naths. Their values also show a higher iiiorgailic (ash) 
content than was present in our test samples at q u i -  
libriiiin volnme. 

As iiotecl previously, dry weight determinations 
11 fire inade on 2000 specimens of Calanus hrlgolandi-  
cus .  The D.S. value of this sample is 147 mg. per gram 
of Calaiizrs; ash content was only 6.7 mg., hriice or- 
gallic matter constituted 140 mg. per gram of Cnlaizzis. 
The latter Talne is quite siiiiilar to that given by Riley 
and Gorgy for copepods; the ash content is markedly 
1 ~ 4 s .  T1.e amon tit of biomass of Cn1ariir.s helqolnndici is  
rrtruired to  yield one gram of organic niattcr is 7.15 
gram.;. Lovegrove (1961) quotes a value of 6.8 g r a m  
of biomass per gram of organic matter for thr  c~losrly 
related specks, Calanus finniarclticits. 

Thri*r anpcars to br both a x i t r y  loss and iin in- 
oroanic salt loss from the hodips of plankton organ- 

diwing preservation. The a5h content O F  our 
~ainples ranged from 6.0 to 17.8 percent of the D.S. 
x i th  only four ~ a l u e s  exceeding 10 percent. This is 
~ ~ i i i ~ . ! ; ~ d l , ~  less than the ash weights reported for the 
,viiicipal constitncnt groups by Riley and Gorgy. The 
tlirre samples of our material in which salps doini- 
iiatetl had  ash contents that amoiuited to 6.4, 8.7, ancl 
I 7  8 perceiit of the D.S. drterminations. Based on 
Rilcy and Gorgy ’s determinations, the ash weight of 
these saniples shoiild have approximated 50 percent 
o f  thr dry weight, had the inorganic salts been fnlly 
r r t a i n d  by thr organisms during the period of roluine 
coi!cwitration. 

Krey (1958, table 111) gives information on ZN as 
well as O.S. and D.S. for various kinds of plankton 
samples. The ZN values for four samples in which 
copepods predominated (80 to 100 percent copepods) 
iangrd between 7.5 and 11.1 mg. per 100 mg. O.S. 
Our nitrogen values for “plankton” samples in which 
copepods dominated are somewhat higher, averaging 
11.8 mg. N per 100 mg. O.S. Our higher values could 
result froni a loss of some of the oils from the bodies of 
copepods, which mould be shomm as an increase in the 
protein content of O.S. Eren so, our test samples with 
mixed constituents had a somewhat higher protein 
coiiteiit ( E N )  than the samples in which crustacea 
were the dominant component. 

Discussion 

Tlqis study has drawn attention to the fact that the 
d u n i e  of organisms in a preserved sample is always 
less than their live volume. All of the test samples 
showed rolume decreases subsequent to preservation. 

The percentage decreases in volumes that were ob- 
served at selected time intervals are summarized in 
table 9. The time period required by the samples to 
reach their equilibrium rolumes follows. 

Constituent 

Quantity in mg. per gram 
of constituent 

D.S. 1 O.S. I Ash 

. 

Percent 
ash weight 

of 
dry weight 

15 
27 
13 
85 
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Equilibrium volume attained I No. samples 

~_ ______ ~_ ~ 

Ten of the 12 test samples attained equilibrium 
volume within a year of collection. The remaining two 
samples showed only trivial losses during the second 
year. For  all practical purposes, preserved plankton 
volumes can be considered to become stabilized within 
a year after collection. 

The decreases in volume of plankton that occurred 
in test samples are from 15 to 87 percent of the live 
volumes. The amount of decrease is related to constit- 
uent composition, being least for samples in which 
crustacea made up  most of the volume, greatest for 
samples in which salps were dominant. 

The constituent compositions of samples when de- 
termined subsequent to preservation are not a measure 
of the amounts (by volume or weight) of the living 
constituents. Constituent determination of livin, ma- 
terial, however, is usually impractical. This cannot be 
done a t  sea on programs such as CalCOFI in which 
we are engaged. Hence this determination must be 
made a t  some subsequent time. The time to be pre- 
ferred is when the samples have reached a relatively 
stable volume. Crustacean samples reach an equilib- 
rium volume quite soon after preservation-salp sam- 
ples slowly. Even salp samples show little change after 
one year of preservation, hence constituent volume 
determinations made one year after collection should 
be reproducible. 

The constituent compositions (expressed as percent- 
age by volume) of samples that have reached stable 
preserved volumes are useful, as long as their limita- 
tions are kept in mind. They would differ markedly 
from the original constituent compositions (percent- 
age by volume) in some samples and would approxi- 
mate them in others. I n  order to derive even moder- 

ately reliable estimates of the original constituent 
compositions of preserved samples, more information 
is needed concerning volume losses suffered by the 
various constituent groups and by the more abundant 
species within these groups. Several volume loss 
studies on individual constituents are underway a t  
our laboratory. 

Rough estimates of the original constituent com- 
positions were derived for several of the test samples 
containing a mixture of crustacean-chaetognath and 
jelly-like constituents. I n  these computations a shrink- 
age of 50 percent was allowed for  custacea, chaetog- 
naths and molluscs. This is an “outside” estimate, for 
the crustacean-chaetognath samples showed a 15 to 50 
percent decrease from their live volumes. 

Sample from 5902-123.42 
(Volume before preservation : 129 ml. ; volume a t  time of con- 
stituent determination : 23 ml.) 

Crustacans- Thaliaceans- 
Chaetognaths Coelenterates 

Percent by volume-one year after 
collection __-___- -___-__ - -__  _--  51 

Volume _ _ _ _  _ - _  - _ _ _ _ _ _ _  _ _ _  _ _ _ _ _  11.7ml. 11.3. ml. 
Estimated original volume _ _ _ _ _ _ _ _  23 ml. 
Estimated percent by volume 

original collection -- _ - - _  _ _ _ _ _ _ - -  18 

49 (48% Salps) 

106 ml. 

82 

Sample from 5907-107.50 
(Volume before preservation: 93 ml.; volume at time of con- 

stituent determination : 13 ml.) 

Crustaceans- Thaliaceans- 
Chaetognnths Coelenterates 

Percent by volume-one year  

Volume _ _ _ _  ~ _ _ _ - _ _  - _ - _  _ _ _ _  .__- 3.0ml. 10.0ml. 
Estimated original volume .___ _ _ 6.0 ml. 87 ml. 
Estimated percent by volume in  

after collection _ _ _ _ _ _ _  _ _ _ _ _  _ _ _ _  23 77 

original collection _ _ _ _ _ _ _  _ _ _ _ - _ _  6 94 

The number of organisms in a sample does not 
change with time. Counts made several years after 
collection should not differ from counts made a t  the 
time of collection. Very few zooplankton constituents 
disappear from a preserved sample. Even ctenophores, 
such as Pleurobrachia, which break up  in time and 
seemingly dissolve in the supernatant liquid, still leave 

TABLE 9. PERCENTAGE DECREASE IN VOLUME OF PRESERVED PLANKTON SAMPLES FROM 
ORIGINAL LIVE VOLUME, GIVEN FOR SELECTED TIME INTERVALS 

Cruise & Station 
- 

5902-120.35 .__.....--.....~~ 
5902-113.30 ~_......-~.....~~ 
5902-110.30 .__.......~...... 
5902-113.40 ___...-.~~~.....~ 
5903-133.30 ._..---......-~.. 
5902-130.35 ___.__......-.... 
5902-113.50 ____.....~-.....~ 
5902-110 
5907-110.90 ___.__.......~... 
5907-107.55 ___.......-~..... 
5902-123.42 .......~.....-~~. 
5907-107.50 .__.......~~.~... 

Orig. vol. 
ml. 

13 
12 

(44) 
50 
48 
25 
84 
57 
77 
42 

119 
93 

Final vol. 
ml. 

11 
10 
35 
32 
24 
12 
32 
20 
27** 
10 
23** 
12** 

Percentage decrease from origiual live plankton volume 

Imm. after 1 1 day 
after pres. pres. 

92 .3  
83.3 

(87) 
84.0 
70 .8  
76 .0  
75.0 
82.4 
62.4 
61.9 
47 .3  
64.4 

92.3 
83.3 

(87) 
80.0 
5 2 . 1  
6 0 . 0  
45 .2  
52.6 
49 .4  
38.1 
31.8 
39.7 

10 days 
after pres. 

84 .6  
83 .3  

(85) 
70 .0  
52.1 
52.0 
41.6 
42.1 
40 .3  
33 .3  
20 .2  
22.6 

1 mon. 
after pres. 

84.6 
83 .3  
(80) 
6 8 . 0  
52.1 
52 .0  
39.3 
42.1 
39.0 
30.1 
20.2 
18 .3  

1 year 
after pres. 

84 .6  
83.3 

(80) 
64 .0  
5 0 . 0  
48.0 
38.1 
35.1 
36.4 
23.8 
17 .8  
14.0 

2 years 
after pres. 

84 .6  
83 .3  
(80) 
64 .0  
50.0 
48.0 
38.1 
35.1 
35.1 
23.8 
17.8 
12.9 

** 22 months after collection. 
Values in parentheses are estimates 
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No. per 
ml . 

1455 
2040 
2940 
1655 
2005 
3665 
3190 
2330 
2500 
5000 
2430 
1335 

CALIFORNIA COOPERATIVE OCEANIC FISHERIES INVESTIGATIONS 

TABLE 10. ESTIMATES OF NUMBERS OF COPEPODS, EUPHAUSIIDS, A N D  CHAETOGNATHS 

Est. vol. 
ml. 

* 
3.80 

3 .50  
3.50 
0.11 
4.15 
1.45 
0 .25  
0 .25  
0 .30  
8 .10  

* 

Station 

110.33 ._.......~~.. 
110.65 _-........... 
113.30 _......--.... 
113.40 _...... ~ ..... 
113.50 .....---....- 
120.35 ...-....-..-- 
123.42 ._........--. 
130.35 ........-.... 
133.30 ....~......~~ 
107.50 ...--....--.. 
107.55 ........ ~ ~ - .  
110.90 .......---... 

Sample 
vol. ml. 

35 
20 
10 
32 
32 
11 
23 
12 
24 
12 
10 
27 

398 
605 
832 
250 

1922 
316 
418 

2450 

* Present, volume less than 0.5% 

250 
550 
450 
265 
180 
265 
430 
570 

PER MILLILITER OF SAMPLE IN 12 TEST SAMPLES 

I 

Euphausiids 

Est. vol. 
ml. 

28.35 
3.80 
6 .80  
8 .00  
2.55 
8.45 
1.85 
4.55 
4 .80  
0 . 7 2  
1.10 
5 . 1 0  

Copepods 

Est. 
number 

41,300 
7,765 

20,004 
13,932 
5,108 

31,000 
5,900 

10,600 
12,000 
3,600 
2,676 
6,804 

behind tentacle sheaths and comb rows as evidence of 
their presence. Hence, counts of organisms in a sample 
constitute a more conservative value than volume or 
weight. 

Nevertheless, counts of individuals, to have value in 
quantitative assessments of biomass of standing crop, 
must be related in a meaningful way to volume or 
weight. Unless this is done, counts are of dubious 
utility. Obviously, 1,000 Paracalanus p a r w s  are not 
equivalent in any meaningful way, except in number, 
t o  1,000 Calanus helgolandicm.  The volume occupied 
by the Calanus would be many times that occupied by 
the Paracalanus. Still other complications arise when 
dealing with numbers of organisms. Each species has 
a series of developmental stages that differ markedly 
in size. It might take a hundred or more larvae of 
Eicphasia exirnia, for example, to equal the mass of 
one adult. 

Estimates of the number of individuals per ml. of 
wet volume have been derived for three groups: cope- 
pods, euphausiids, and chaetognaths (Table 10) .  Sim- 
ilar estimates can be derived for  the other important 
constituent groups in the test samples. Copepods 
range in number from 1.335 t o  5,000 individuals per 
ml., euphausiids from 133 t o  975 individuals per ml., 
and chaetognaths from 145 t o  885 individuals per ml. 
There are over seven times as many euphausiids per 
ml. in the sample froni 5907-107.50 as in the sample 
from 5902-113.50, over six times as many chaetog- 
naths in the sample froin 5802-110.33 as in the sample 
from 5902-113.40. Obviously, data on numbers of in- 
dividuals of a constituent group have limited value 
until they are related t o  volume or weight. 

Although wet plankton volumes are over-estimates 
of the volume occupied by the organisms, due t o  in- 
cluded interstitial liquid, the amount of the latter can 
be determined with some precision. From determina- 
tions on test samples, interstitial liquid ordinarily 
makes up from 28 to 45 percent of the volumes of wet 
plankton samples, hence the amount is variable from 
sample to sample. Even so, a fairly adequate “aver- 
age” value for interstitial liquid in our test samples 
~ o u l d  be 35 percent of the n7et plankton volume. 

Est. 
number 

80 
1443 
240 
840 
470 

68 
728 
261 
152 
244 
272 

1080 

No. per 
ml. 

- 
380 

240 
135 
620 
175 
180 
610 
975 
905 
133 

- 

Chaetognaths 

Est. vol. 
ml. 

3 .50 
1.80 
2.50 

13.45 
1.60 
1 .10  
1.85 
0.95 

10.80 
1.20 
1.00 
4.30 

Est. I No. per 
number ml. 

3100 1 885 
509 285 
867 1 347 

1949 145 

The dry  weight of a plankton sample is less subject 
to change with time than the “wet” weight (or vol- 
ume). The major change in weight (volume) of 
1 rwet77  plankton is due to water loss, which has the 
effect of concentrating the organic constituents. How- 
ever, mater loss is acconipanied by an inorganic salt 
loss, which lowers the ash content of preserved sam- 
ples. Organic substances appear to be more fully re- 
tained in the bodies of preserved plankton organisms. 
W e  have found only traces of nitrogen in the preserv- 
ing liquids of undisturbed plankton samples that have 
been stored for  considerable periods of time. Oils, 
however, are less fully retained. A verification of this 
loss is readily made on Calanus-rich samples in which 
the extracted oil can be seen as free-floating droplets. 

Lovegrove (1961) has discussed some of the prob- 
lenis that arise iii drying plankton for D.S. and O.S. 
determinations. Higher D.S. values are obtained when 
samples are dried by desiccation than when water is 
removed by oven drying, especially if the drying is 
done a t  temperatures above 60” C. 

Most workers have related d ry  weights to wet 
weights of organisms. There has been little consistency 
in use of fresh or preserved material, perhaps be- 
cause it was not appreciated that the volume measure- 
ments of live and preserved materials are not com- 
parable. As is evident from our studies, volume 
determinations of preserved material will be less than 
‘‘ live ” volumes by a variable amount depending on 
constituent composition and the time interval inter- 
vening since preservation. Obviously, d ry  weights 
should be related to the weight of freshly collected 
material, from which interstitial water has been re- 
moved. There is considerable merit in the oft-made 
suggestion that a plankton sample should be parti- 
tioned on collection, one part  to be preserved, the 
other to be used for a dry  weight determination. Tech- 
nical difficulty in carrying out this suggestion has pre- 
vented its adoption as a standard technique. 

A dry  weight determination can be expressed as the 
amount of organic substances in a standard volume 
of water (1000 m3, for example). This determination 
bypasses most of the technical problems associated 
with relating dry weight to wet weight of plankton. 



We have been intrigued by the strikingly similar 
dry weight determinations obtained on our  test Sam- 
ples after two years of preservation, despite the 
marked differences in constituent compositions. The 
range in values of 56 mg. to 116 mg. per gram of pre- 
served plankton (without interstitial liquid) consti- 
tutes a range of only 2X; furthermore, most values 
were grouped much more closely together. Apparently 
the nutrient compositions of samples have been made 
roughly comparable per unit volume (or weight) of 
plankton through the process of concentration of the 
volumes of jelly-like constituents relative to that of 
crustaceans and other constituents with an exoskele- 
ton. An implication of this finding is that plankton 
volume determinations, per se, made on plankton sam- 
ples that have reached their equilibrium volumes after 
a ycar of preservation, constitute meaningful measures 
of the standing crop of zooplankton. 
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