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I. INTRODUCTION

In a previous publication (MARGALEF & DURAN, 1953), the microplankton

of the Ria was studied from September 1951 to the same month in 1952.

This work is fairly complete from a taxonomic point of view; however it

is not sufficient to give us an idea of the dynamism of the plankton

community. The research which we are now reporting, though not offering

definite descriptions, enables us to recognize the basic trexicis. of the

yearly cycle, while posing a series of new problems of broad general

interest. It may be useful to comment on some of these problems, now

that a ship from the Vigo laboratory has gone into service, making it

possible to prepare a more ambitious programme for the future.

In the pages which follow, the data obtained are first of all reported,

after which an attempt is made to classify the variations making up the

yearly cycle and,, lastly, different aspects of the dynamics of the plankton

populations are considered in a very partial manner, so that their

detailed examination could be undertaken in future studies. It is likely

7630-21-029-6332
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that a pattern similar to the present one will be found in other

Galician rias, with detail variations resulting mainlv from a dif-

ferent ratio between length and width at the mouth, average depth

and size of the catchment area.

II. METHODS USED AND DATA OBTAINED

The characteristics of the plankton of the Ria of Vigo are such

that their study requires great assiduity. As a general rule, samples

were taken daily in surface waters of the port of Vigo, in the locality /p. 86

marked with a cross on the map of figure 11. Occasional observations

at other points on the Ria have shown that the series of samples offers

a géneral qualitative picture of what occurs in the Ria; however, a

precise evaluation of said series is not possible, since phvtoplankton

distribution shows considerable local heterogeneity, qualitatively and

quantitatively, and we shall speak about this later. For the study of

the phytoplankton, s-amples of four liters of water were taken daily at

the same time.

a) Pigments.- Four liters of surface water were filtered on "Albet"

number 242 paper. Côncerning the vertical distribution of the phytoplankton,

see chapter V, section d. The filter with the residue was extracted for

12 hours or more using cold acetone. For certain studies on heterogeneity

of distribution, we began using a suction and filtering device, which

will be described elsewhere, installed on board the "Lampadena", the

laboratory boat; in this case, volumes of close to 10 liters were filtered.

The pigment was assessed in units according to HARVEY (UPH), comparing

them visually with a series of controls, or else with a colorimeter, and



TABLE I 

Phytoplankton from the surface waters of the port of Vigo 

December 1952 to March 1954 

Date 	 Date 	upli/n11 	Date 

December 	11  	6 000 	 28  	50 750 
22  	5 250  March 9  	35 750 
31  	7 900 	 3  	49 000 

January 	là  	40 000 	 4  	57 500 
19  	13 500 	 5  	23 800 
20 	' 	24:300 	 6  	97 000 
21  	58000 	 7 . 	25 000 
21  	71 000 	 9  	10 000 
22  	82 500 	 10 	 10 000 
23  	47 500 	 11  	13 500 
24  	32 500 	 12  	9 025 
26  	16 000 	 13  	92 600 
27  	15 623 	 14  	33 000 
28  	5 500 	 16  	25 500 
29  	9 450 	 17  	92 000 
30  	16 130 	 18  	19 125 
31 ..... . . 	12 750 	 20  	10 830 

February 	2 ... ..... 	4. 855 	 23  	7 800 
3  * 	3 375 	 94  	17 500 
4  	3 750 	 25  	I) 500 
5 ... ..... 	5 623 	 26  	2 000 
6 .. ...... 	3 412 	 27  	2 000 
9  	7 230 	 28  	3 00:1 

10  	9 800 	 :30  	4 800 
11  	21 :'''" April 9 	'' 
12  	13 300 	 3  	8 7 
13  	7 187 	 10  	7 5;10 • 
10  	12 730 	 13  	6 250 
17  	9 230 	 14  	6 700 
18 ... ..... 	125u0 	 15  	6 300 
19  	12 730 	 16  	3 730 
20 • 	10 125 	 17  	3 0.:9 
93 .  	20 1?5 	 20  	27 150 
q 	

 
25P.q 	 21  	:33 750 

25  	21 i),!) 	 22 . .... .. 	19 123 
27 	 3100.) 	 9, ..,.  	23 100  

	

24  	19 050 

	

25  	7 600 

	

27  	9 500 

	

29  	6 500 

	

30  	10 500 

May 	1  	
13 100 

	

2  	16 900 

	

4  	5 500 

	

5  	13 200 
6 	...... 	11 800 
7  	9 250 
8  	12 375 
9  	18 000 

10  	11 500 
11  	1 9  250 
12  	9 350 
13  	14 000 
15  	15750 
16  	6 000 
18  	15 625 

• 19  	17 900 ' 
21  	4 600 
23  	10 003 
25  	13 631) 
96 	 10 430 

72.50 

June 	1  	7 660 
9 750 

20 000 
5 ...... 	53 500 

6 ...... 	91 250 
8  	36 700 

- 9 	... 	52 301) 
:10 01:0 

11 	..... • 	30 tin 
12 ... . .. 	13 500 
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TABLE I (cont'd)

Date i:f"1 n,' Date LV(, 1T1'

June (cont' d ) I;3 ... ......
l^ .........
lli .........

1.0, .........
IA ... .....
20
2° .........
":i .........
24
25 .........

.'.G .........

July .........
3 .........
4 .........
7 .........
9 .. .....

10 .........
11 .........
13 .........
14 .........
15 .........
16 .........
17 .........
20 .........
21 .........
22 .........
23 .........
24 .........
27 .........
28 .........
29 .........
30 .........

Auzust

September

10 .........
11 .........
12 .........
13 .........
14 .........
18 .........
19 .........
21 .........
22 .........
24 .........
25 .........
26 .........
27 .........
30 .........
31 .........

i 1 150 : ... ...... 4::1 il,O
>
:iî:i ......... 1d0 (^fw

]u

•?:) (: ).1 _'^ ......... U!:^ 09-0
12 3J1) 25 ... ..... 1^_7l 0'.7')

!Ÿ JoU .........
.... 54 l:f10

-^ - 3:; QU+)^ aU 30 ........
^ t. `5195

Oct .
1 ......... ^ t)

:i 0;)0 _ ........ 1t) î2:i

7 CI ':.J .̂, .... ....- i1 -451)

9 900 5 ......... =8 ±.5 0

3EL0 6 ......... -. 0U00

s Ù,t? . ......... 123 7 50

10 ^.i0 8 ......... 112.50(l

18 550 9.. ...... 625_l0

8 ^OJ 10 ......... 75 0C;0

14 ,50 1.1 ......... 63 U00

12 600 14 ......... 475-10

13 OÙU 15 ......... 32625

19 375 16 ......... 26 250

39375 17 ......... 15000

68750 19 . ........ 14 850

54 000 20 ......... 26625

50250 22 ...••••• 57,450
24 ........ 8; ..^412-50 ^r

45 000 ..26 ......... 41 875
26 500 27 .......... 30 000

19 200 28 ......... 30 000
29 ......... 1 8 20021000

11000 30 ......... 17 800

12 750 31 ......... 18000

13 200 Nov. . 3 ........ 9 000

36000 4 ....••••• 22000

27000 225005 .........
36 000 6......... 24 000
3G 200 î......... 27 500

57 750 9......... 15 000

48 800 11 ......... 5 000

28 400 12 ......... 13 750

46000 13 ......... 11250

50600 16 ......... 11000

66 080 17 ......... 8 700

87 400 18 ......... 10 250

80 280 19 ......... 29 000

114200 20 ......... 11 900

118 G00 23 ......... 13 500

125 000 24 ......... . 9-150

96 200 26 ......... 9 000

66200 27 ......... 8 000

129925 28 ......... 10625

62325 30 ......... 13 500

40 700 De c. 1......... 15 d 00

47 300 2......... 15 000

50 600 4......... 11 500

71900 5 ..••••••• 9000

21 ....... . 2 623 000 6. ........ 9 000
7 .........

Date "''

9 ......... E 0u0
10 ......... 5 300
I1 ........, 00(0
12 ........ 6000
14 ......... 10 LUO
15 ..... .. il 15I)
16 ......... b o,10
17 ........, -1200
18 ......... G "_50
19 ......... 5 : 50
22 ......... 5500
23 ......... 500()
23 ......... 7 000
29 ........ 4500
30 ......... 5 800
31 ..._..... 5 000

Jan. 2 ......... 7 500
4 .,•.•,... 7 750
5 ......... ' 7 500
7 ......... 6 000
8 ......... 6 000
9 ,,,•,,,•. 6000

11 ......... 11 500
12 ......... 10 800
13 ... ..... 16250
14 ......... 16 000
16 ......... 14 000
19 ......... 36 500
22 .....: .. 27 000
25 ......... 2227-5
2G ......... 23 000
28 ......... 17 500

Feb. 2 ........: 11 000
5 ......... 13 000
G ......... 11 000

17 ......... 8 000
18 ....... 8 800
19 ......... 8 000
22 ......... 7 000
23 ......... 5 500
25 ......... 6 750
26 ......... 10000

^27 ......... 1..

P4arch
13250

2 ......... 25375
3 ......... 25 000
4 ......... 25 500
8 ......... 49000
9 ......... 23 000

10 ......... 26 ?.f'iU
11 .:....... 18 000
12 ......... 18500
13 ......... 18 000
15 ......... 24 000
16 ......... 2 6'350
17 ......... 28 h00
29 ........ 33 750
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Fig. 1- Phytoplankton (upper portion of the graph) and some environmental 
conditions in the ria of Vigo, from December 1952 to March 1953. 

Key to Figure 1  - 

1 - AVERAGE DAILY VALUES OF RANGE OF VARIATION OF THE TIDE 

2 - TEMPERATURE OF THE SURFACE WATER 

3 - AVERAGE DAILY WIND SPEED 
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the results are generally given to the nearest cubic meter. Table

1 shows the data obtained: the experimental error may be calculated - -

if the observer does not know its origin - from the results of double

determinations shown in table IX, and generally it is below 10%. The

colour of the acetone extract is generally comparable with the Harvey

control, except when there are many dinoflagellates, in which case it

is somewhat redder, the same colour found in plankton at a certain

depth (10 to 20 m, March 1954), and in this case it is due to a high

proportion of dead cells and detritus, in which the chlorophylls are

destroyed more rapidly than the carotenes.

In order to reduce the pigment units to total phytoplankton weight,

we must keep in mind the following. The ratio between pigment and dry

weight is about 1 UPH =0.013 mg, though it varies widely depending on

the conditions under which the algae develop (rLARGALEF, 1954 a). The di-

noflagellates are definitely poorer in pigments; a determination on

the plankton collected on September 22, 1953(dominance of Ceratium furca,

see table II) showed 1 UPH =0.037 mg (SAIZ). According to GILLBRICIIT

(1952), the diatoms contain 2.9 times more chlorophyll per unit of dry

weight without ashes than the dinoflagellates, ratio which coincides

with our own findings. Thus, considering table I or figures 1 to 4, if

we wish to represent the plankton weight corresponding to the values

tabulated, we must keep in mind that the overall conversion factor will

be greater when dinoflagellates predominate. In table III, this çlifference

has been taken into account when calculating present production figures.

Even using this precaution, the pigment maximums give an oNnggerated

idea of the weight, because the cells which multiply Xanidly eontain a



higher proportion of chlorophyll, and also because of the error 

represented by the chlorophyll contained in detritus suspended in 

the water, which is more abundant during periods of maximum agita-

tion. In some periods, especially during the winter planktdn 

minimums, the detritus, though not being quantitatively very abun-

dant, perhaps forms the greater portion of the seston. The effects 

of light and temperature on the ratio between pigment units and dry 

weight are probably compensated. 
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Fig. 2- Phytoplankton (uDper portion of the graph) and some environmen_tal

conditions in the ria of Vigo, from April to July 1953.- The-

vertical lines show the moments of greatest floristic discontinuity.

Key to Figure 2 -

1 - INDEX OF DIVERSITY

2 - INDEX OF DISCONTINUITY

3-:1EAN DAILY VALUES OF RANGE OF TIDAL VARIATION

4- TE?iPERATURE OF THE SURFACE

WATER

- SURFACE SALINITY

- AVERAGE DAILY WIND SPEED
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Microplancton de la ria de Vigo, clesde abril de 1953 hasta mcu•zo de
de los simbolos se indics en el texto. Los momentos de mayor dise

-6£^F^E'tH1tE
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1954, sepdn muestras obtenidas cn el puerto l,esqucro. La equivalencia
ontinuidad :Soristlca se indican por niedio de un espacio en blanco.

^) RT^.
.kce^r: ........................................ . ....................

CYA1tiOPHYCEAE

Tricllodesmium Thicbuutii ............. ..... ......................

- ---0 c---r j-5-e

.i

t--_
tJ^vEn,:•,^ :,

30 1 3 5 6? 8 9 10 13 14 15 16 17 19 20 22 24 25 27 28 29 30 4 6 9

. •,

SILICOFLACELLATAE

Dictyocha f ibula ........................................................ . . . . . . . . . . . . .

Dictyochu fibule »ressanensis ..................................... . . . . . . . . . . . . . . . . . . . . . . . +

Distephanus specultlnt ................................................ . . . 2 2 1 . 1 1 1 1 2 1 . . . 1 . 1 1 .. 1 1

FL:IGELLATAE. DIVERSA

Coccolithus sp . ...........................................................
,11ailomouas ? sp . ................... .................................
Chrysophyceac inc. saed . ................ .......................... . . . . . . . . . . . • • . . .

Rhodonoonas sp . ......................................................... . . . . . . . . . . . 1 .

Solenicola setigera ..................................................... . . . . . . . . . . 1 '1 1

DLNOFLAGELL9TAE

Prorocentrunt micuns .............. 2 2 3 3 3 2 2 2 2 5 5 5 5 3 3...................................

Prorocentrtun sc utellzun ...... ................. ..............
. 1Phalacroma rotundatum ... .......................................... -f- . . . . . . . . . +

Dinophysis ac2(tü 3 2 3 2 2 2 2 2 1 4 4 5 5 3 3........................................................
Dinophysis caudatu abbreviata ................................... 1 + 1 1 • . .. 1 1 .
Dinophysis diegensis .................................................. . . . . . . . • . . . . . .

Dinopltysis ltastata ..................................................... . . . + . . .

Dinophysis iuter7nediu ................................................ . . . . . . . . .

.............................................. •Diuophysis sacculus 1+ 1 1 1 . . + + •.. ..
Polykrikos Schu•ar.ci .................................................. . . . . . . . . . + + . +

Noctiluca scintillans ................................................... . . . . . . . . . + . . + . +

?yrophacus tlorologiurn ..............................................
Peridinitun aneericauuna .............................................
Peridinium
+Peridinium
Peridinium
Peridiniuru
Peridinium
Peridiniunr.
Peridinium
Peridiuiunt
Peridinium
Peridiniune
Peridinium
Peridinium
Peridi niunt
Peridinium
Peridinium.
Peridinium

brez ipes ................................................... . . . . . . . . . . . . .

+ 1 , .
1 •i- 2 2 3 3 2'3

1 1 1 .

Brochi ..................................................... + 1 1 2 2 2 2 1 1 . . 1 1 1 1 ..+.-1- . 1 . . 1

cerasus ................................................... . + . . . + . . . . . . . . . . . . . .

cerusus quarnerense ................................. . . . . . . . . . . . . . . . . . . . . . . . . .

clattdicarw ................................................ ... . . . . . . . . . .• . . . . . . . . . . . . .

conicum . ................................................... . . . . . . . . . . . . . . . . . . .. : . . . . •
•crassipes curtipes ..................................... + . . . . + . + + 1 . + . + . . . ^- . . 1 + +

depressunt ................................................ 1 + 1 . + + . 2 2 1 + + 1 + 1 + . I + • +

diabolus ................................................... 1 1 . . 1 1 1 . 1 1 1 . . . + . 1 + 1 + . .

divergeas 4 3 4 3 3 2 2 3 2 1 2 2 2 2 2 2 1 1 . 1 1+ 2 1 . 2........................................... ......
cj. Granii .................................................
injlatuni ....... ........................................... . °t- . . -1- . . . . . . . . .
leonis . ................... .......... :....................... . . . . . . . . . . . . . . . . . . .

Marieiebourae .......................................... . . . . . . . . . . . . . . . . . .

. + .

nainusculum .............................................. . . . . . . . . . . . . . . . . . . . . . . . I .

?ninuiunt ... ................................................ . . . . •. . . . . . . . . . . . . . . . . . . . . . •
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Peridintunt ut ite  	. 
Periclinium nudum  	 • • 
Pendiniunt oblongum  	• 
Peridinittat ocectuicum ..........  	. 	• . 	. + 	. 	. 	. 	1 	. 	. 	. .r -I- 	. 	.• . . + ± ± 	 +  
Peridinium pallidunt Schilleri  	. 	 _z_ 	 ... 	• 	• 	• 	• 
Peridiniunt cf. Pautseni 	 
Peridiniunt palucidwnt  	.... . ... . .... 1 	, 	. + 	. + 1 1 + 	1 + 2 	. 	. + . 	. 	. 	. -h 
Peridinium pcntagonunt 	 + 	-I- -I- + . + 	  + 	  
Peridinium piriforme 	  
Peridiniunt quarnerense  	. 	+ 	  
Peridiniunt sphuericurn,  	+ 	 4. 	• .• • 
Peridinium Steinii (pequeiio) 	 + 	 + 	, +  • 	. . + . . . + + 
Peridinium subinerme punctutatuni 	. 	..... • . 	. 	. 	. + + 	. + . 	• 	. + • 	• 	. + , 	. 	, 	...... 
Peridinium trochoideum  	. 	+ 2 	 1 	-,- h 	. 	. - I- . 	. 	...... 

Peridiniopsis asymmetrica  	.± 	+ 1 2 1 1 + + '+ + + 1 + + 1 . . 2 + I-- 	1 -- -:- . . + . • . • • 
Goniaulax diacanthtt  	-1- 	+ 	9 	 1  

Goniautax diegensis 	 . 
Goniattiaz  digitale *? 	 + 	--1- 
Goniaulax poiyedra  	,L. 	. + 	 + 	+ 	,.. 	 + 	+ 	 
Goniattlas polyeclra (cistes) •••• ...... 	. 	.... 	............. 	. .. 	• 	• 	. 	. 	...... 
Goniattlas spinifera  	 . 	  
Goniaulax spiniferci Estelae 	 . 	 
Goniaulax tamnrensis 	  
Goniaulax sp. pi. 	.    + + 	 -,-- 1 + . . + + - • • 
Ceratiunt azoricurn 	  + + 	  
Ceratium buceros 	 . 	  -r + 	+ 	+ 	  
Ceratium buceros tenue  	 . 	 I- 

Ceratium candelabrum 	 
Ceratittne furca Berghi  	 .  
Ceratium titre« «eugrarninurns  	. + + + 	-1- 	 + 2 1 i- 	+ . 1 1 . + 1  
Ceratium fusus seta  	. -I- 1 + -i•   + + ÷ . 	. 	. 4 1 1 	1 + 2 2 1 1 1 -,- 1 -i-- 1 
Ceratium macroceros  	. 	

. 	 +  
Ceratium •massiliense 	  
Ceratium tripos 	...  	 ... 	 . 
Goniodonta poluedricum  	. 	  
Oxytoxum. sp.  	. 	 . 

Pyrocystis elegans 	 . . 	. + 	• 	• 	 + + . 	 . 
Pyrocystis lunula  	+ 	. 
Dinoflagellata (a) 	  
Dinoflagellata (b)  	. 

. 

	

BACILLARIOPHYTA * 	 ! 	 . 
. 

Me/osira rnonitiformis     . 
Melosira sulcata 	' 	 1  
Stepha 	

.
nopyxis palnteriana 	'  	 • 	1 

Stephanopy:eis turris  	. 	. . . 	 + 	 • 
Sce/etonema costatton  	1 . 	1 . . . 1 3 . r 1 	.. 2 + 1 -I-- 5 . 5 5 	5 1 5 3 3 5 5 5 5 5 4 
Thalassiosira clecipiens  	+ 	+ 	+ 	+ 	 . 
Thalassiosira hispanica  	. 
Thalassiosira Nordenskioeldi 9  	 . + + . 1. 	-l- 	 9 	+ 

 Thalassiosira rotula  	. 	. 	. 	. 	. + 	. 	: t• 	. 	. 	. + + + 	. 	, 	.. . 	. . .......... 

(S) Las  curas en cursiva indican presencia de eSporas. En Bacteriastrunt hyidintint, s denota la forma solitariurn. 
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Perulini u In mite 	 f.  . 

Perldinium nudum 	  
Peridiniunt oblongum  	+ 	•1- 	+ 
Peruli return oCellniCUM  	. 	• 	. 	...... 
Pend iniunt pallidunt Schilleri 	  
Peridinium cf, Paulseni  	........... 	• 	• 	. 	. 	. 	. 
Peridinizt in pellucidunt 	  
Peridiniunt pentagonuin  	. + i- 
Pertdinium piriforme . 	. . . 
Peridiniunt q uarne reuse  	+ . . 
Periciinium ephaericum  	. . 
Peridinium Steinii tpequetio)  	1 + 1 	-i•- 	 1 	. 	.  
Peridinium subinerrne punctulaturn  	. 	. 	. 	. 	...... 	. 	. 	

. 	. 	. 	. 	
... t- 

Peridinium. trochoideurn  	 .1. 	 1  

Peridiniolisis asynemetrica 	 1 	J. 
Goniaulax diacantha     1 	  
Goniattlar diegensie   • ... . . . . . . . . . 
Goniaulax digitale ?     . 

Goniatzla,r polyedra  . 
Goniaulax polyedret (eistes.) 	  
Goniaulax spinneret 	  
Gottiattla,r spinifera Estelue 	  
Goniaulax taniarensis 	, 	  
Goniaular sp. pl . 	  
Ceratiurn azorieunt 	 . 	...... 	 . 	. 	. . 	 . 

Ceratium buceros  	 .. 
Ceratium bueeros tenue     +  	-, 
Ceratium candelabrum 	  1 1 1 + 	. . . . + . . 1 1 	1 1 3 :. 
Ceratiunz farm Berghi  	 . • 	..... 	. . . 	 . 	 . 	 . 

Ceratinm furca tieugraninzume  	5 5 4 2 	  1 + . • 	1 '2 : 1 . . 	. -, 	1 + 1 
Ceratiton fuette seta  	 3 2 1 1 + + . 1 . 2 2 2 2 	2 2 . . 1 . . .± 	211  

 Ceratium macroceros  	. 	. 	. 	. 	..... 	. 	• 	. - • 
Ceratium rnassiltense  	 + •-i- 	-i- 	 4. 	+ + 	÷ . • - 
Ceratiunt tripos  	2 	I 	. 	1 	.... 	1 	. 	• 	. 	. 	. . 	. 	. 	. 	. .4- 	1 	. + 
Goniodoma polgedricuin  	 • . . 

	

. 	 - 	  
0.:cytosurn sp 	. . . 	• • • 
Pyrocystis elegans 
Pyrocystis tuttula 
Dinoflagellata (a) 
Dinoflagenata (b) .  • . •  . . 1 

• • 

BACILLARIOPHYTA 

. Melosira ntoniliformis 	 
• Melosira sulcata 	  

Stephanopysie paimeriana 	 
Stephanopyxis turne 	 
Sceletonenta costatum 	 
Thalassiosira decipiens 	 
Thalassiosire hispanica 	 
Thatassiosira Nordenski.oeldi ? 
Thalassiosira rotula 	  

1 2 . 

+111 	1 1 1 3 4 4 4 3 3 	.3 2 + 
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OPT 'C 
-ferri-rn 

TlictIctssiosira subtilis . 
Cosclnodiscus centralis 
Ccscinotliscus concinnus 
Coscinodiscus e:ccentricus 
Coseinodiscas Granii 	 • 
Coscinodiscus lineutus 	  
Coseinodisetts radiatus 	  
Coseinoaiscus sp. pl. 	  
Asteronzphalus heptactis 	 
Corethron ertophilum 	  
Lauderia borealis  	 . 	. 3 	. 	. 	........ 

Sehroecierella d. Schroederi 	 ± 	+ 	 1  
Dactyliosolen mediterraneus  	 1 + 	  
Leptoey/indrus adriaticus 9 	 • 

Leptocylindrus danicus  	3 	3 3 3 2 3 5 5 5 5 5 5 5 5 5 5 2 + 1 . 	2 + + + . . 1 + 
Guina rdia f Ictccida  	1 	1 1 	.. 1 	. 4- ..... 	• 	• I 	+ 	+ + + ..... 
Rhizosolenia alata gnu:in -/ma  	1 	1 1 3 2 3 2 . 2 2 3 2 2 1 2 2 1 2 ; 	. 	1 I 1 	r 	+ 1 
Rhizosolenia deticatula  	. 	+ . 	. 	+ 	. 	. 2 	. 1 	. 1 	1 1 2 4 1 2 	3 	. 1 	. 	. -I- + 	. 
RItizosolenia fragilissima 	 • 	 1 	+ 1 	. 	. 	. 	1 	2 . + . + + . 
Rhizosolenia hebetata setnisp. ....•.. 
RItizosoienia imbricara Shrub... ... 	 + + + . 1 	 1 	. 
Rhizoso!eniu robusta 	 
Rhizosolenia Stolterfothi  	1 	2 1 3 3 3 4 3 4 3 3 3 3 2 1 1 2 3 2 3 	5 
Rh izosolenia styliforntis 	 
Bacteriastru  in hya Lin  u it 	 - 	 

Chaetoccros affinis 	  
Clutetc•ceros affinis Willej . ....... 	. 	1 2 	  
Chaetoceros borealis 	 + 	±  f 1 1  12 	22 	 . 

Chaetoceros brevis 	  
Clutetoccros cf. brecis 	 
Chaetoceros compressus 	 . 	1 2 	  
Chuetoceros con COI taus 
Chaetoceros curvisetus  	+.   2 	1  

Cluteroccros danicus 	 a. a. 	+ 

Chaetoccros decipiens  	± 	±  + 	 • 	 1 2 	2 

Chactoccros densus  	 . 	1 1 + 	+ 2 2 2 	 • 

Chaetoccros didymus anglica ........ 	+ 	+ + . + + + + . . . . • + 	+ + . 2 1 	1 

Chaetoceros cf. fragilis 	  
Chaetoccros gracilis 	  
Chaetoceros laciniosus 	  
Chaetoceros Lorenzianus 	 

	

• 	 

Chactocuros perucianus 	  
Chaetoceros .pseudocurrisetus 	 . 	. 

Chaetoceros sociale (+radians)  	+ 	1 1 5 2 5 4 3 3 2 2 S 3 1 + 1 + . 1 . 	. 1 . + 1 -I- 
Chaetoceros teres ..     .. 
Chaetoceros tortissimos ................. 	 ? 	1 + 
Chaetoceros Wighand 	  + + +  	1 	  

Chaetoceros pl. sp.  	. 	1 	  
Handaulus Hattckii P  	  

Eucampia zoodiacus  	+ 	+ . + 1 3 3 3 3 2 1 .1 1 + + •1 + 3 + . 	2 . + + . 	1 

Bidclulphia mobiliensis  	 • 	  

Ceratatilitta Bergoni   . ...... . + 1 + . + . . + . ....... 

Rhabdonenta adriaticum   1 + + . . 

Striatella unipunctata   . . . + + . . + 1 . 4- . + + + + • + 

1 	. 1 + 	. 	. + 	. 
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Stenosomcila oliva ..................................................... . . . . . . . . . . . . . . . . . . .
Stenosonlelia rentricosa ............................................. . .
Coz•liella ampla ... ....................................................... . . . . . . . . . . . . . . . . . . . . . . .
Heiicostcmeila 7usiformis ........ ................................... . . . . . . . . . . . • . . . . . . . . . . .

HeIicostomeila longa ................................................... . . . . . . . . . . . . . . . . . . . . . .

1 1'1Helicostornelia subulata .............................................. 2 2 4 3 3 2 2 1 1 1 1 . 1 1 2 1 2 •-h +
Favella ehrenbergi . .........................................:.......... . . . . . . . . . . . . . . . , , .
Fai•ella helgolandica ..... ............................................. . . . . . . . . . . . . . . . .
FhLella serrata ............................................... .. ... ....... + . . . . . . . . . . , . . . .•

. . . . . . . . . .Protorltabdoneila ' sp . ... ..................................:......... . . . . . . . .
.Ampltoreiia minor .....................:............................... . . . . . . . . . . . •
Eutintirtntts franknoi .................................................. . . . . . . . . . . . . . . . . . •1-

Salpingellu lan:irtata .. ................................................. . . . . . . . . . . . . . . . . . . . . . . . .
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b) Qualitative study and indices of diversity.- Another sample 

of surface water, also weighing four liters, was filtered on paper in 

the same way and, when little liquid remained, it was shaken with the 

residue, and immediately fixed with neutralized Formol, for the qual- 

itative study. This method ensures conservation of the tiniest elements 

of the plankton. Their study consisted in the examination of a few 

preparations from each tube, so that some of the less represented species 

may have gone unnoticed. In given cases, the cells were counted, to 

determine the exact numerical representation of the different species; 

however, normally, we limited ourselves to using the empirical scale con-

stituted by the symbols 5,4,3,2,1 and +, proportional, respectively, 

to 100 (or more), 60,30,10,1 and an isolated specimen. In any case, 

the figures of table II refer to the number of cells and not to the 

number of colonies. Of necessity, the small, naked flagellates have 

been ignored; also indicated in the corresponding tables is the quantity 

of detritus, which sometimes appears in considerable amounts, being 

relatively more apparent when plankton is scarce. Tintinnids have been 

recorded; however, other animal microplankton no. 

In figures 1-4 we have calculated the indices of diversity for 

each sample, using the formula. 

= number of 
species 

d'  

log10 
of UPH per m3 

This equation is open to criticism, because we certainly did not 

see all the species present in a cubic meter of water, of which the total 

number of individuals is proportionate to the pigment content: however 
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the figures obtained by this means remain proportionate to the true 

diversity of the aggregates, because a similar effort was put forth 

in the study of each sample. In order to ensure this, for a series 

of samples from May to June of 1953, two indices of diversity were 

simultaneously calculated:that indicated (d') e and that used on other 

occasions and apparently more correct 

d
number of species minus one 

- 

loge  of the number of individuals 

very good correspondence being found between the different pairs of 

values using the conversion factor 

d' = 2.14d 

The limit values of the coefficient were 1.74 and 2.73. This formula 

permits the comparison of aggregates in which different indices of 

diversity are used (d and d'). 
ri 
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Fic. 3.-Fitoplaneton ( parte superior del =r:it3co) y al-ninas conclicinnes a.nbienlales
en la ria de Vigo. de a'^o>to a noviembre de 1953.

fÎ

Fig. 3.- Phytoplankton (upper portion of the graph) and some environmental
conditions in the ria of Vigo, from August to November of 1953.

Key to Figure 3 -

1 - INDEX OF DIVERSITY

2 - INDEX OF DISCONTINUITY

3 - AVERAGE DAILY VALUES OF RANGE OF TIDAL VARIATION

4 - TEMPEItATURE OF THE SURFACE WATER

5 - SURFACE SALINITY

6 - AVERAGE DAILY WIND SPEED
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HeterogeiReity between successive samples has been estimated

using another index called the index of discon.t-inuity, obtained by4 4e^ _ __._.. ,. .

dividing the difference between the index of diversity of the aggregate -
-_•_- ___• ^^._ ^_.. Lit l^_1

formed by combinip.g the two successive samples - and the index of
- • _ _ < ^_ .: .-_ _^__ _ ___ _ __ - ^ _^ ^.._- =-----• . _ .

diversity of the first s^jmple, by the number of days which elapsed
r• : r:^-._._ = oa'-,. -1 ela: ù; ..

between the taking of the two samples being compared (generally one),
' _..^ _. ... .-.^_.. _ ^_ .__-._ ._a.__ c:-...-.. -..^.,C:-._. .... .

/p.93

according to a method of analysis of population dynamics introduced in

a recent work (MUXRGALEF, 1954 b). The equivalence between our index

V and the V used in said work (referring to the tintinnids of the plankton
. .:....

of Castellôn) is €ound to be:

V, = d'i.2 - d'1

t

if -d' = 2.14 d,

V l=dl.2 d

^r5

V = 0.428 V
` r -

One limitation of the index of discontinuity V' is that it is based on the

presence or absence of the snecies, and does not reflect their ratios of
_ -

^ ^_^_ a G_.^ ` ♦ _ _ _ 4_ ^ r ^.1_ ^--_ - -

dominance. The maximum values of this index, which exceed a certain
---- --•- •---=s `: __--_ ___^: --_.^__. ^..__^_ ^ ______-.

arbitrarily fixed value, have been used as limits to break down the cycle

into a series of periods, thus facilitating analysis. 'The examination of

November, respectively. We feel that it is much more natural to use this

breakdown instead of the artificial division by months.

If d' and V are calculated, not on single samples, but rather on

the succession, as outlined in table II, forces us to recognize these

same limits and in addition, perhaps another two which the index of

diversity does not clearly indicate, in the middle of September and

grouns of two, three, etc. consecutive samples, the result is that all

the variations are reduced, without eliminating the variations which are

presumably "parasitic" or statistical.
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c) Other data.-  Data relating to temperature and salinity were 

obtained on the surface waters where the plankton was collected, from 

8 to 10 o'clock in the morning. Some observations made in March 1954 

with a "Thermistor" show that variations in surface temperature may 

be considerable due to the effect of insolation, winds and perhaps 

other factors. The range of variation of the tide has been calculated 

using the tables of the Hydrographic Institute, which take into account 

a tide guage installed in the same port of Vigo. The meteorological 

data were provided by the Vigo Observatory of the National Meteorological 

Service, and we wish to extend our thanks to the Observatory personnel. 

1 
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Key to Figure 4  - 

1 - INDEX OF DIVERSITY 

2 - INDEX OF DISCONTINUITY 

3 - AVERAGE DAILY VALUES OF RANGE OF TIDAL VARIATIONS 

4 - TEMPERATURE OF THE SURFACE WATER 

5 - SURFACE SALINITY 

°t a t 
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III. NOTES ON SOME SPECIES /p•95

Schyzophyta, Flagellatae, etc.

Beggiatoa sp. - Filaments 5.8 p in diameter (March 4, 1954)

Torula? sp. - A chain of cells, resembling yeast, on a Noctiluca

(June 22, 1953).

Chrysonhyiceae Undet. -(Fig. 5, a). Cells with chromatophores and

bilateral.symmetry, inside dense envelopes 37-45 x 13.5 µ

Rhodomonas sp. - (Fig. 5, b). A species measuring 18 x 10 u, very

compressed and asymmetrical; with chromatophores.

Acicular cells. - (Fig. 6, q). Detail of Ankistrodesmus, membrane

apparently without structure; with chromatophores. Dimensions: 68-146 x

1.5-3.5 u.

Dinoflagellatae

Dinophysis hastata Stein. - (Fig. 5, c). Longtitudinal dimension,

66 u; sagittal dimension, 49 u; antiapical spine, 12 u.

Noctiluca scintillans (Macar) Kof. & Swezy. - (Fig. 5, d). Organisms

enclosed: Chaetoceros curvisetus, Thalassiosira rotula, Ceratium fusus,

Helicostomella, Favella, a metanauplius measuring 220 u, fragments of

apendicularia (observed twice, figure on the right).

Peridinium americanum (?) Gran & Braarud. - (Fig. 5, e). Cells

37 x 37 x 35 u, slightly depressed. Membrane thick, though the plates

are not defined, so that the determination is uncertain.

P. brevipes Paulsen. - (Fig. 5, f). 27 x 27 u.

P. cerasus Paulsen, quarnerense (br. Schr.) Broch. -(Fig. 5, g).
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Some cells of a shape intermediate between those of the two species 

mentioned, length 45-51 + 4-6 g; cross diameter 48-51 4. The similarity 

of cerasus and quarnerense  has been discussed (PAULSEN, SCHILLER, etc.); 

the presence of intermediate types is not sufficient reason for main-

taining that they are one and the same, but it does make a thorough study 

of the entire group desirable. 

P. (Minuscule) minusculum  Pavillard. - Length 19-27 + 6-7 p; cross 

diameter 1.7-19.5 p. 

P. minutum  Kofoid (P. monosninum  Paulsen). - (Fig. 5, i and 1). Cross 

diameter 37-46 u; length 39-50 g. 

P. nudum Meunier. - Partitioned like P. trochoiàeum,  however of smaller 

average size (17.5-19 x 17.5-19 g) and shorter, with the epitheca more 

rounded. 

P. cf. Paulseni  (?) Pavill. - (Fig. 5, k). Cross diameter 44-57 g; 

total length 62.5-78 e. It is a Peridinium  not fully studied which we 

associate with Paulseni simply because this was done in the 1953 work; it 

shows a certain resemblance to P. solidicorne,  although it is meta and 	/p.97  

not para, like the former. 

P. styliferum  (?) Schiller. - (Fig. 5, 1). Length 35 + 6.5 g; 

cross diameter 27 p. One specimen June 20, 1953. 

Goniaulax diacantha  (Meunier) Schiller. - (Fig. 5, m). Cross diameter 

23.3-29.5 g; length 43-46.5 + 11-19.5 g. 

C. polyedra Stein. - (Fig. 5, n). Spherical cysts measuring 48-59 p 

in diameter, membrane quite thin and smooth (unlike what was observed by 

NORDLI, 1951, who describes cysts of spiny membrane in a Population of this 
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species coming from a Norwegian fjord). These cysts were abundant

and loose, in September.

- , ..
F1G. J. --:1. C:'lao:lcCU it;ùr,e:tri:; i). 1iiw.:or.rrr .: z :^., : c. i::^-

Ci. \ 1 tiir,crt scitttillrn,s, ^1 cicmplnr de la cic,cch q cwn u'ta cil r'•^'

., u. . r.. .: t . , f. . r:^. . b'r ... P• . : in„. .

:...._ r... i. J• ,... . . !'.

:,I-;Ii 7: I. .'''eririit,tRHt atJi'J:•r•t,lt . in. C;-'x•.?r:,:T rii.. ..i... . ., C:^. •.

. . r.. `', . , lt. Ç. .. . . •. . t.,.• t:; 'r, ..
i- .. .. . .. .. . . ar^ n.^.

'i..C ; . _. , . . ^. . , ,., . ,^ . .
'

i no Pi... ( Û,.

Fig. 5 - a, undetermined Chrysophicea; b, Rhodomonas sp.; c, Dinonhvsis

hastata; d, Noctiluca scintillans, the snecimen on the right with a tail
of appendicularia; e, Peridinuim americanum ?; f, Peridinium brevinEs;

g, Peridinium cerasus/quarnerense; h, Peridinium conicum; i,j,Peridinium

minutum; k, Peridinium cf. Paulseni ? 1, Peridinium stvliferum ?; m,
Goniaulax diacantha; n, Goniaulax nolvedra, with cyst; o, Goniaulax tamarensis,

from Vigo; D, Goniaulax tamerensis, from the Bay of Fundy: q, Pvrocvstls lunula;

r, undetermined Dinoflagellata (a); s, undetermined Dinoflagellata (b).
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During red water, this and other species of peridinians have very 

thick membranes. This fact ties in with an observation made in the 

waters of Castellôn: a given sample (no. 640, March 24, 1953) showed 

“ a dominance of dinoflagellates, and these were characterized by 

exceptionally thick membranes in all species of Ceratia. In both cases, 

the dominance of the group is associated with the particular development 

of the cell envelopes. 

G. tamarensis  Lebour. - (Fig. 5, o). Cross diameter. 28.5-29 n; 

length 33-38 g. When fixed, they open at the cingulum, and the protoplast 

becomes globous; the two mamelons of the hypotheca are very characteristic. 

It has been compared with specimens from Canadian coasts (Bay of Fundy, 

July 15, 1949, courtesy of Dr. WILLIAM R. MARTIN), and found to be 

identical (fig. 5, p; 35-38 by 35-38 p). The presence of this species in the 

Ria of Vigo is of interest, since toxic properties have been attributed 

to it (NEEDLER, 1949). In the western part of the Bay of Fundy, it is 

abundant in summer (maximum August, T = 12-15°C.), somewhat later than in 

Vigo (June-August, T = 15-18° ), where it still has not been seen in quantity. 

Toxicity remains in mollusks for almost a month after the dinoflagellates 

have disappeared from the plankton. In Portugal, there have been intox-

ications of the type produced by Goniaulax from mollusks (PINTO, 1953). 

The worst species seems to be G. 'catenella; perhaps G. polvedra is also 

somewhat toxic. It is a topic which merits further study. 

Goniaulax sp.  - Very small cells, 18 n in length, with the hypotheca 	/p.98  

typically angular due to the presence of three keels 	approximately 

parallel to the sagittal plane (August 18, 1953). 

-71 
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Pyrocystis lunula Schuett. - (Fig. 5, q). Maximum dimension,

about 100 u. Shape of the cell quite variable, more or less curved.

Dinoflagellata (a) (Fig. 5, r). Length 19-21.5 ,u; cross diameter

13-15 }1; largest diameter 15-21 V.

Dinoflagellata (b). - (Fig. 5, s). Length 33-35 u; cross diameter

20 P; maximum diameter 25 p. Membrane thick as in the preceding species;

larger, higher and with the apical Dole more pointed.

Bacillariophvta

Li

Sceletonema costatum (Grev.) Cleve - Diam. 1.5-11.7 u; pervalvar

axis 6-20 u.

Thalassiosira hispanica Paulsen. - (Fig. 6, a). Diameter 12.5-

17 }i. The cells are joined by a central filament. It could be considered

as a slightly silicified form of Th. Nordenskioeldi with the mucilaginous

cushions more apparent.

Th. rotula Meunier. - (Fig. 6, b). Auxospores on October 25, 1953,

January 4,11 and 14, 1951. The diameter of the cells varies from 35-39

,u to 56-59 u.

Coscinodiscus Granii Gough. - The diameter attains 300 }^.

Corethron criophilum Castracane. - (Fig. 6, d). Diam. 13-13.5,u.

pervalvar axis 57-82 }a. Corresponds to the criophilum, or typical, phase

of HENDEY. We take this opportunity to mention the presence of this

species for the first time in the plankton of the coasts of Castellôn;

sample number 350, December 28, 1950, pelagicum phase, 73 }i in diameter.

Leptocylindrus. - (Fig. 6, e and f). The specimens observed in

Vigo, where the genus is common, permit the identification of two main
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types, though it is not possible to establish a clear line of separation.

The most typical form, recorded in table II u*_ïder the name of L. danicus,

mea sures 2 to 9 u in diameter, and its cells have chromatophores which

are elongated in shape and relatively scarce in number. (Fig. 6, p).

The other type is entered in table II under the name of L. adriaticus

(?) Schroeder, its diameter is similar (2-8 p) and it is characterized

by a larger number of chromatophores, which are more rounded in shape

(Fig. 6, f) and more dispersed throughout the cell. The character

constituted by the shape of the chromatophores is uncertain, since it

may be due to fixation, for live cells of both types were not compared;

another character which manifests itself following fixation is a certain

twisting of the protoplasts of "adriaticus ", which become contracted at

the extremities of the fixed cells following a helicoidal plane (fig.

6, f). Leptocylindrus adriaticus Schroeder is an insufficiently described

species which supposedly differs from the common species L. danicus in

that it has many small chromatophores (15-25 according to the figure of

SCHROEDER) and in that the cells, generally, are narrower and longer than

in the former species, which is not the case in Vigo populations (fig. 6,

f, left, shows abnormally short cells; generally their degree of elQng$tion

does not differ from the typical L. danicus).

Rhizosolenia fragilissima Bergon. - (Fig. 6, g and h). Diam. 9.8^

29 u•

Chaetoceros compressus Laudes. - Apfical axis 11.5-29 u; 6-9

chromatophores.
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FIG. 6.—a, Thalassiosira hispanicu; b, Thalassiosirtt rolula, con auxéspcnas; c, Tha- 
lassiosira subtilis, con Nitschiu ? epifita; cl. Corethrou criophi/unt; e, Leptocy/inclrus 
danicus; f, Leptoculinclrus, forma de clasfficaciOn dudosa. rcferible quizas a L. adria- 
Lieus; g, h, RItizoso/enia fragilissima ; f, Rhizosolenia styliformis; j, k, Chaetoccros 
Lorenzianus, con end6sporas; I. Chaetoceros socialis, con Nitzschia ? epitita; in. Chae- 
toceros teres; n, liendatilus sP.; o. Navicu/a rnembranacea; p, Nitzschia ?; q, células 

aciculares indeterminadas. 

Fig. 6. - a, Thalassiosira hispanica; b, Thalassiosira rotula,  with auxo-
spores; c, Thalassiosira subtilis,  with Nitzschia?  as epiphyte; d, Core-
thron criophilum; e, Leptocylindrus danicus; f, Leptocylindrus  form of 
doubtful classification, asc'ribable perhaps to L. adriaticus; g.h, 
Rhizosolenia fragilissima;  i, Rhizosolenia styliformis: j,k, Chaetoceros  
Lorenzianus,  with endospores; 1, Chaetoceros socialis, with Nitzschia? 
.as epiphyte; m, Chaetoceros teres; n, Hemiaulus sp.; o, Nayicula membranacea; 
p, Nitzschia?;  q, undetermined acicular cells. 
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Ch. cf. fragilis Meunier. - Apical axis 6-12 p, values rounded, /p.100

one chromatophore. Chains at times twisted and frcquently curved,

fragile and irregular, enveloped in mucilaginous cushions.

Ch. Lorenzianus Grun. - (Fig. 6, j and k). Endocysts on January

25 and 28, 1954.

Ch. teres Cleve. - (Fig. 6, m). Apical axis 25 p. It is possible

that the form doubtfully classified as Ch. Lauderi in MARGALEF & DURAN,

1953, p. 48,•should actually be ascribed to this species.

Ch. socialis Lauder. - (Fig. 6, 1). It is not possible to separate

this species from Ch. radians, though we suspect that most if not all of the

specimens found in the Ria of Vigo should be designated by the former name.

The few spores observed were from smooth valves, as is consistent with

socialis.

Hemiaulus sp. - (Fig. 6, n). Apical axis 19.5 p; valves only slightly

convex, without visible structure; pervalvar axis long with short appendices.

A single chain which because of its characters, is of doubtful classification.

Although it is close to H. Hauckii in structure, it is in no way typical

as regards the other characters.

Fragilaria sp. - Apical axis 29 µ. Very fine striae. Long bands

Navicula membranacea Cleve. - (Fig. 6, o) . Apical axis 35-43 g.

F'LI
Nitzschia delicatissima Cleve. - Cells sometimes classCd as N.

seriata should be N. delicatissima or another still unidentified species,

since it has been noted that in certain chains, cells of the size of N.

seriata have a sculpture which, because of its fineness, is more consistent

with N. delicatissima. The distinction between the two species, in

table II, has generally been made on the sole basis of the size of the

a
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valves, so that errors may have resulted. 

Nitzschia (?) sp. - (Fig. 6, a 1 and p). Cells 17.5-23 p in 

length, isolated, joined in pairs at one end, or in series like those 

of N. seriata, and always  in the mucilage or between the filaments of 

Chaetoceros socialis, Thalassiosira subtilis  and Thalassiosira rotula. 

Heterocontae  

Pelagocystis (?) sp.  - Cells approximately 10 x 20 p, isolated, 

in pairs or in groups of four, in small nests of mucilage. August 18-24, 

1953. It is very similar to a species which appears quite frequently in 

the waters of Castell4n, although the dimensions of the cells are, on 

the average, smaller. 

Tintinnoinea 

Tintinnopsis karajacensis  Brandt. - (Fig. 7, b). The specimens 

usually mentioned for the Ria of Vigo belong to the var. rotundata  Joerg; 

however, that of the figure (49 x 33.5 g) seems to belong to the typical 	/p.101  

form, given the thickness of the walls of the lorica, which are whorled 

towards the oral portion, although the aboral extremity is slightly 

acuminate. 

T. nana Lohmann. - (Fig. 7, a). 37 x 21 g; aboral extremity hemi-

shperical. 

Tintinnopsis  sp. - (Fig. 7, c). On June 11, 1953, a cylindrical 

lorica ended in an open aboral appendix, 99 g in length and 34 g in diameter 

•which, because of its shape and the fact that .the aboral end is open, 

recalls T. kofoidi  Ueda:, though it is too short to be ascribed with certainty 

to this species. Figure 16 of the work of DURAN (1953) shoWs a specimen 

L. 



24

i
from Castellon, with clear signs of fragmentation, which probablv belongs

to the aforesaid T. kofoidi.

^ ^3 ^VS;1 r. ^-^I

.•^^^^ s::^ ^-'oô o a^ ^^-
^`=,vf t^-^-

e3'
^•'^

FIG. 7.-a, Tiutifinopsis nana.; b, Tintinnopsis karajacensis;
c, Tintinnopsis sp.; d, Helicostomella longa; e, Helicosto-
meZla fusiformis; f. g, formas de Helicostomella; h, Proto-

rhabdoneliu ? sp.

Fig. 7. - a, Tintinnoosis nana; b, Tintinnonsis karajacensis;

c, TintinnoDsis sp; Helicostomella longa; e, Helicostomella

fusiformis; f,g. forms of Helicostomella; h, Protorhabdonella

? sD.

Helicostomella lonaa Brandt. 7, d). In a previous

work (r4ARGALEF & DURAN, 1953), there is mention of loricae ascribable

to this species with the whorls extending over the entire lorica, which

together with other considerations, led us to question the validity of

the systematic characters considered for this genus. Figure 7, d, shows

another specimen of the same type: length 99 p; oral diameter 28 µ;

June 8, 1953.

H. fusiformis (Meunier) Joerg. - (Fig. 7, e). A single lorica,

with no visible whorl. Length 127 p; oral diameter 19 u;,largest diameter

25 u.
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Helicostomella sp. - (Fig. 7, f and g). These irregular forms 

probably could be ascribed to H. subulata. We even suspect that the 

specimen described as H. fusiformis may be merely an abnormal form of 

H. subulata. See discussion of the genus in MARGALEF & DURAN, 1953, 

p. 62. 

Favella ehrenbergii  (Clap. & Lachm.) Joerg. - On April 25, 1953, 

an individual that had ingested cysts of Peridinium cf. diabolus. 

F. serrata  (Moebius) Joerg. - Observed individuals parasited by 

a dinoflagellate, probably Duboscquella tintinnicola. 

Protorhabdonella  (?) sp. - (Fig. 7, h). With reservations, we 

ascribe to this genus'a bell-shaped lorica, with conical aboral extremity, 

perhaps slightly crushed, with very thin walls and no apparent structure. 

May 25, 1953. Length 29 g. 

/p.102  
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IV. PLANKTON SUCCESSION

a)'General Remarks. - Research on the plankton cycle in eastern

Spanish waters (Castellon) has shown that the yf^arly succession is regulated

there by the upwelling, in given months of the year, of deep waters which

are probably very rich in nutritive salts, when temperatures even out ver-

tically and the wind and currents establish suitable conditions. This type

of cycle is characterized by a winter period of relatively high production,

frequently broken down into a series of consecutive pulsations, and a

summer stabilization period, during which phytoplankton is poor and contains

a high ratio of organisms which are totally or partially heterotrophic.

The picture offered by the Ria of Vigo is entirely different. In

addition to the qualitative differences, which may be seen upon comparing

the tables published on the plankton of both waters (examples: Thalassiothrix

Frauenfeldi, Asterionella japonica, A. mediterranea, typical of Castellon;

Stephanopyxis, Thalassiosira, Chaetoceros socialis, typical of Vigo, and even

greater differences in the dinoflagellates), the quantitative differences

are enormous. In Vigo, there is a large quantity of phytoplankton all year

round, though the difference between the maximum and minimum figures (in

UPH) may reach a quotient of one thousand, exceeding the maximum variations

in the waters of Castellon. The variations in the plankton of Vigo do not

show the regularity observed in Eastern Spain; the fluctuations cover a

much shorter period, so much so that it was necessary to carry out daily

determinations to get an approximate idea of what happens; a somewhat con-

fused idea, however, because of the strong heterogeneity of distribution.

It is logical to suppose that the general rhythm of phytoplankton



Castellon 	250-300 
Ria of Vigo 	2,000 

1,500-3,000 
30,000 

5,000-15,000 
400,000 
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production in the Ria must be governed by other factors. 

The quantity of nutritive salts can never be a serious limiting 

factor, since the plankton is never scarce, as is shown by the following 

comparison. 

Minimum
3
Values 	 Average

3 
Values 	Maximum 3alues 

UPH/m 	 UPH/m  UPH/m 

/p.103  

It is not suprising that this occurs since, due to the shallowness 

of the Ria (maximum depth about 50 meters), the tidal currents and the 

action of the wind can alone bring about the vertical agitation of its 

waters. The basin of the Ria of Vigo is very small, about six times the 

area of the ria itself, so that additions of fresh water are only of 

limited importance, as may be seen from the salinity values, which only . 

fall below normal during heavy rain (fig.s 3 and 4, months of October 

to December, 1953). 

We know of no study which describes a plankton cycle of the same 

type as that of the Ria. We first thought of comparing it with the 

Norwegian fjords; however, at the outset, these offer two important 

differences: 1) the greater depth and the existence of a threshold ? (umbral), 

as a result of their glacial origin, which affect the stagnation of deep 

waters; and 2) a much greater inflow of fresh water. The great abundance 

of coccolithophorales in Norwegian fjords, in contrast with the scarcity 

of same in Gallician rias, could be the result of a different calcium 

content of the waters, which it is necessary to verify. 
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The careful study of the succession of plankton communities

in the Ria of Vigo reveals a slight tendencv towards higher values of

phytoplankton with more intense light and higher temperatures. Aside

from this yearly wave (fig. 8), another two types of regularities of

a shorter cycle may be recognized. On the one hand, there is clearly

a rapid succession of variations, of which the minimums.,generally speaking,

coincide with the moments of maximum discontinuity in the quantitative

evolution of the population. Given the shape and low volume of the

Ria, this pulsation revealed by the examination of the samples definitely

corresponds to a biotic succession and only in a very limited manner to

a sequence of populations resulting from the movement of water masses.

On the other hand, the composition of each of the successive proliferations

and, as.a character which is easily observable., the ratios of diatoms

and dinoflagellates in same, permit us to identify broader systems or

complexes, each of which includes from two to five of the variations

mentioned previously. The inherent complexity of all natural communities

and the deficiencies in the original data exclude a priori the possibility

or the hope of finding clear manifestations of all these cycles and,

with it, the possibility of using some simple mathematical equation in

their analysis. In fact, the variations in the phytoplankton reflect

the interference of numerous factors, a large number of which are either

unknown or their intensity could not be evaluated. With these cautionary

remarks, we shall proceed to examine the various aspects of the cycles

which have been best identified.

b) Annual cycle. - The examination of figures 1-4 reveals a certain

relationship between surface temperature and quantity of phytoplankton.
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TABLA III 

Ciclo del . fitoplancton en la ria de Vigo, esquematizado con el usa de meclias para los clistintos periodos en que se ha subdividido la sucesiô 
tornanclo como limites los momentos de disconlinuidacl mayor en la composiciôn floristiea de las comunidades, momentos indicados por medi 
de Encas de trazos en las figuras 1 a 4. Los valores ponderales se dan solamente a tituto orientador y con referencia a las aguas superficiale 
por ser nttmerosos los errores que se acurnulan en su côtnputo; se ha consicierade 1 UPH = 0.013 mg de peso seco para las diatomeas 
1 UPH=4).037 mg de peso seco para las dinothgelaclas. Se da el tant° por mil de células de las e:.zpecies mas importantes, imprimiendo E 

negritas los valores que exceden del. 10 % y que corresponden a las especies de mayor importancia en la producciôn de cada periodo. L: 
cifras rnenos exactas se han encerrado entre paréntesis. Las distintas sucesiones parciales se han separado pur espacios verticales mas at 
chos. Las especies se han clistribuido en Ires grupos, atendiendo a su importancia relativa en las consecutivas etapas de cada sucesiôn pa 

cial. X, presencia inferior al uno por mil. 

25-1V a 3-VII 	 4-VII a 29-IX 	 17-X a 29-X11 

21 	17 	9 	13 	26 	10 	13 	11 	9 	19 	17 	13 	39 	8 	12 

30-XII a 31-111-1951 

17 33 	14 	9 	2 

Temperatura  	15,6 14.8 15.8 17,3 	16,9 17.0 17,7 17.7 	17.6 	15,8 	14.7 14,7 14.9 15,4 

UPH/litro  	11,5 32.2 13.2 6.2 	26,5 25.6 52.6 99.1 	61.5 	52,7 	35,7 13,6 7,4 5.6 

Relaciôn entre ninn. céltilas 	 • 
diatomeas idinotlagelaclas  	8.4 	7 	9.9 0.07 	1,6 0,5 	1,6 	1 	0.15 	0,9 	7.3 0.8 0,1 	0,7 	50 202 (3,4) 21 

D'iatomeas, mg m'  	133 366 167 5 	212 107 420 642 	105 	320 	408 35 	8 	29 	112 241 90 370 2 

Dinoflageladas. mg/m .'  	46 150 . 48 214 	377 620 750 1830 	2030 	1001 	159 274 250 118 	1 	1 	74 51 

Total. diats. mas dinoflag.  	179 516 215 219 	589 727 1170 2472 	2135 	1321 	507 369 258 147 	113 241 164 421 3 
,........:,—, 

Sceletonema costatum  	97 550 18 17 	65 	. 	61 	x 	. 	. 	193 	37 13 	. (21) 	234 116 	. 	1 

Chaetoceros sociale + radians 	114 60 172 2 	339 187 90 x 	2 	x 	89 	255 43 	. 	. 	43 187 (20) 551 5 

Nitzschia Ion gissima + closte- 
rima  	9 	12 	2 	3 	13 13 19 	. 	. 	x 	34 	13 11 	3 (21) 

Chaetoceros dansas  	118 	. 	1 	1 	47 	1 	4 	. 	. 	. 	1 . 	 . 	. (10) 3 

RhizosoIenia Stolterfothi  	127 74 	6 	. 	1 	2 	1 	x 	. 	. 	1 	13 	1 	. 	. 	x 	x 	. 	2 

Leptocylindrus danicus 	 312 9 110 2 	83 73 374 459 23 	. 	16 	106 135 5 (10) 	32 11 (61) 45 

Thalassiosira rotttla  	1 	. 	6 	. 
Lauderia borealis  	8 	1 187 2 
Schroedere/la delicat ttia  	x 	1 	x 	. 

Bacteriastrunt Ityalinum  	. 	4 	. 
Chaetoceros curvisetus, 'mea-

docurvisetus, decipiens, di-
dymus   12 .3 11 1 1 12 -‹ 

Eucampia zoodiacus  	46 10 37 	. 	. 	3 	1 
Nitzschia seriata -i- de:icatie- 

sirna  	25 10 85 	1 	34 	1 	8 	2 	1 	. 	10 	33 	41 	. 	. 

Coscinodiecus Granii  	. 	. 	. 	. 	 2 	9 	8 	. 	(15) 

Rhizosolenia alata ... .. 	. 	51 	12 	80 	36 	:.: 	1 	11 	13 203 	1 	x 

Rhizosolenia delicatula .... . . 	26 	23 	64 	2 	̀, 	1 	. 	. 	• 	. 	1 	x 	. 	. 

Thalassionema nitzschioicles . 	25 	76 	75 	. 	6 	. 	. 	2 	23 	. 	1 	17 	33 	10 (15) 

Otras diatomeas  	29 26 21 30 	23 14 28 	5 	2 	3 	6 	11 66 	6 (200) 	37 63 (510) 40 

Prorocentrum micans .... .. 	 11 	13 	23 104 	35 	35 	26 	38 	64 	72 	108 	31 	34 100 (325) 	3 	1 (20) 15 

Peridinium pl. sp.  	35 49 18 115 	93 87 50 72 102 178 	121 	27 59 82 (36) 	5 	2 (51) 6 

Dinophysie pl. ep. ...... ....  	24 	23.  11 	114 	24 	62 	41 	35 	47 155 	135 	42 208 108 	. 	1 	x 	(51) 	. 

Goniti taux pl. sp.  	 2 	8 	7 	17 	2 	1 	5 	5 	153 10 	:..: 	x 	x 	. 	, 

Noctiluca scintilla ns 	 x 	1 	5 	278 	17 	. 	5 	3 	1 	. 	•. 	x 	. 	. 	. 	. 	. 	. • 

Ce ratium fusas  	18 	20 	16 280 	117 238 30 	93 	10 	121 	20 	ii 	7 3 	5 	(9) 	. 	. 	. 	. 

Ceratimn furca  	 4 	6 	5 223 	95 238 227 240 318 420 	82 	'G 	11 59 	. 

Ce rat ium 1 ripos, buceros ca a - 
delabrum. etc.  	1 	1 	. 	4 	y 	. 	 . 	 ' 	 . 	 22 	5 	2 	170 	18 	. 

Otras dinoflageladas .. ....  	8 	5 	1 	9 	1 	13 	2 - 	2 	5 	5 	2 	. 	206 427 (216) 

13,8 12.1 11,9 12,3 1 

8,8 18.6 8,9 29,9 2 

69 12 	. 	12 

. 	. 	x 	1 	x 	1 	. 142 62 	. 	. 	123 137 (20) 34 

. 	x 	. 	. 	2 	29 	62 	3 	. (10) 	121' 13 (20) 	5 

18 	19 28 	36 	. 	 x 	1 	. 	. 	8 	3 (20) 97 1 

31 	7 	. 	. 	(5) 	107 55 	. 	. 

1 	45 	106 30 	8 (12) 	174 386 (123) 155 2 
3 	.9 	2 	. 	. 	. 	. 	. 	3 

2 	1 	. 	. 
. 	1 	(61) 	3 

1 	. 

28 	2 	(31) 	3 

10 	1 	(71) 21 

(20) 	1 
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Key to Table III  - 

1 - Date 

2 - Number of days 

3 - Temperature 

4 - UPH-liter 

5 - Ratio between number of cells 
diatoms/dinoflagellates 

Table III  

Phytoplankton cycle in the ria of Vigo, diagramed using the averages 
for the different periods into which the succession has been subdivided, 
taking as limits the moments of greatest discontinuity in the floristic 
composition of the communities, moments indicated by means of dash lines 
in figures 1 to 4. The ponderal values are given only as a guideline and 
refer to surface waters, since numerous errors occur in their calculation: 
we have taken 1 UPH = 0.013 mg of dry weight for the diatoms and 1 UPH = 
0.037 mg of dry weight for the dinoflagellates. The per thousand value 
of cells of the most important species is given, the values exceeding 
10% and corresponding to the most important species in the production of 
each period being peinted in black. The less precise figures have been 
shown in brackets. The different partial successions have been separated 
by wider vertical.spaces. The species are broken down into three groups, 
according to their relative importance in the consecutive phases of each 
succession. x, less than one per thousand. 

/p.104  

6 - Diatoms, mg/m3  

7 - Dinoflagellates, mg/m3  

8 - Total of diatoms plus 
dinoflagellates 

9 - Scel. costatum, 
etc. 

10 - Other diatoms 

11 - Prorocentrum micans, 	 /p.105  

etc. 

12 - Other dinoflagellates 
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ric. 3.-Esquer.la simnliflcado para el e^:turiio de las posibles rcl:iciones entre la
agitaiciôn del a::ua tcu:va cr^ana . lu ;,ruduccitin ;,c':uul de fi±o,^l;^^iclon (curva su-
herior, escala lu_:uritmicci^ v;os de di c„iaüu iciaci ilm•i,tiea entre nme.-tra;
stue^it•as lcurt•a inf-ot•iort, Lus a c^fcr:o se inc.ican pur
medio de reci;a:. L;1 curva dc u_i.;;c?c;n se na cnm;;fflado sum;:dn para; cade d:a la
oscil;uibn mâxima de ;a mai•ca en ct:cimetros y cl doble de la velociciacl media dei

.:ci::o en i:ü^i^nc:rus i,o, l,a•a.

Fig. 8. - Simplified diagram for the study of possible relations

between agitation of the water (central curve), production of
phytoplankton (upper curve, logarithmic scale) and indices of

floristic discontinuity between successive samples (lower curve).

The possibile relations of cause and effect are indicated by means

of straight lines. The agitation curve has been calculated by

adding the maximum daily tidal variation in decimeters to twice

the average daily wind speed in kilometers per hour.

Kev to Fig. 8. -

1 - Production 4 - Production

2 - Agitation 5 - Agitation

3 - Discontinuity 6 - Discontinuity'

II 11 11 i1
-

_ ^._ ^ ^+---.:,: t ^•
vJJ^+"'Ek.,, J
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This coincidence can only be evaluated in a general way and a more /p.107

detailed analysis, like that offered in table III, again referring

to surface plankton, does not enable us to establish a clear corre-

lation. This should not surprise us, since the data we have on the

development of phytoplankton tend- to discount any simple relation-

ship between phytoplankton and temperature; the winter temperature

values are amply sufficient for the development of most of the algae

species. More certain is the relationship between temperature and quan-

tity of dinoflagellates, or between temperature and relative mass of

same in the total plankton (fig. 9), which may be clearly seen, in

comparison with the behavior of the diatoms.

zo^^-J

. Dinoflagellates

o Diatoms

t+l^f.^C^.d^rldâll Es

4F

o gj.
O .6 0

^ 0 C) 6

O ^ tC^O 00
^. a f 07 Cf^ n

Iz 13 i4 75 14 I7 ' C.

FIG. 9.- Rel:iciôn entre la te:nperatura
media de ecicin une de lo:; p:•riodos en
que se ha di\-iclitio la sucesion para si'
estudio y]ct producciân o m.isa actual
mcdi,i de di:;totticas (circulo, hl; ncos)
y de diuot!:iwelndus (circulos ne-gros).

DatoS do la tabla Ili.

Fig. 9. - Relationship between the average temperature of each of the

periods into which the succession has been divided for its study and

the production or present average mass of diatoms (white circles) and

of dinoflagellates (black circles). Data of table III.
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We lack data on the intensity of irradiation in Vigo and its

penetration in the waters of the Ria. The Secchi disk disappears rapidly;

in various series of observations made during the month of March 1954,

we obtained values generally ranging from 4 to 7 meters (maximum 9)

for a white disk 30 cm. in diameter, which corresponds to values of the

extinction coefficient (A) of about 0.2 to 0.3. Figure 11 shows the

reduced transparency of the water as one moves towards the bottom of the

Ria; we would need to know the annual variations.

There are very few species in the Ria of Vigo which show a

/p. 108

periodicity in their development observable above and beyond the shorter

cycles we shall be commenting on. With the help of the data published in

previous works, we may divide those showing such periodicity into three

groups. Type I, from September to January: Thalassiosira rotula,

Coscinodiscus Grani, Rhizosolenia robusta, Ceratium tripos. Type II,

from April to October: Rhizosolenia alata; Eûcampia zoodiacus, Goniaulax'

polyedra. Type III, from August to December: this group includes oceanic

species, that is to say, species normally scarce in the Ria, though common

in outside waters, so that their regular presence could indicate greater

intensity of mixing with the outside or greater influence of Atlantic

waters; however, it would be hazardous to say so at this time, since the

observations for the years 1951 and 1952 do not, in truth, enable us to

break down the species as characteristic of the Ria or of outside waters.

In future, it will be necessary to determine the relationship between

Ria populations and those of outside waters, defining the periods with

optimum conditions for an exchange of organisms, as well as the inter-

annual variations in said periods, which may be ver.y important in
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the study of populations of certain species of fishes. In group III, 

we may include, for the time being: Pyrophacus horologium,  Cosrino-

discus radiatus, Peridinium crassipes, Ceratium candelabrum, Aster-

omphalus heptactis, Ceratium massiliense, Ceratium macroceros  and 

species of Hemiaulus, Oxytoxum, Goniodoma and Eutintinnus  (ciliate). 

c) Cycles related to vertical agitation.  - It is advisable 

to deal first with the shortest period after the annual period. In 

figure 8, we have combined: 1) a curve (central) representing an arbi-

trary sum of the range of tidal and wind speed variation, to give an 

approximate idea of the degree of agitation and mixing in the waters 

of the Ria; 2) another curve (upper) representing surface phytoplankton, 

in which the maximumseSho-wriâTea. 	in relation to an arbitrary line repre- 

senting the annual component which could be attributed to variations in 

solar intensity; ;and 3) a third curve (lower) indicating the values of 

the index of floristic heterogeneity between each two consecutive samples. 

The overall graph is a bit confused, as may well be expected, given the 

complexity of the natural cycles; however, we cannot deny a certain 

coincidence between moments of maximum mixing and moments of highest 

production, and between moments of greatest calm in the water and the 

occurrence of changes in the composition of populations. To correctly 

interpret the relationship between agitation and quantity of plankton, 

we must keep in mind that at times of great turbulence, the plankton 

shows greater vertical homogeneity in its distribution (fig. 11), so that /p. 109 

the data relating to surface plankton are  unsuitable  for  purposes of 

comparison with moments when the plankton is accumulated on the surface - 

days of minimum agitation -. The greater abundance of detritus and 
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higher ratio of diatoms in the agitated wate/ are other unknown elements 

which act in the opposite sense to that just mentioned. A statistical 

study of the correspondence between the different series of values has 

not be feasible, since it is a question of historical series of which 

the dependence on the values of the independent series (vertical mixing) 

would show a certain unspecified, variable delay, and Probably also 

autoregression, that is to say, dependence on the values preceding the 

same series (obviously the present mass of plankton depends, not only 

on past agitation, but also on the quantity of plankton which existed 

previously). The simplest manner of explaining the relationsobserved 

is the following: 
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rable to the density favorsi
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subsequent development of

one of the differentiated

communities, with as a con-
sequence discontinuity in

time

Fig. 10. - Diagram illustrating the relationship between characteristics

of phytoplankton populations and intensity of turbulence in
the water.



37 

According to the diagram of figure 10, the population is very /p. 110 

dense and uniformly distributed in depth at times of maximum agitation; 

it later decreases, concentrates more on the surface, and it may be 

supposed that is when the heterogeneous nuclei appear or develop more 

• fully at different points in the Ria, forming independent, locally segre- 

gated populations. The following phase of the succession occurs when 

one of these populations, more specifcally that for which the conditions 

becoming generalized in the Ria environment are iore favourable, ousts 

the others and gives rise to a new maximum. Some last-minute observa-

tions (fig. 11) definitely indicate greater vertical heterogeneity in 

the distribution of plankton at times of greater tidal amplitude; how-

ever, we have not yet obtained qualitative data showing in what way 

floristic discontinuity in moments of calm could be caused by a presumed 

horizontal heterogeneity in the distribution of the plankton species. 

Further on, we shall comment on various secondary aspects of this conti-

nuous oscillation between two opposite situations. The tide lends its 

rhythm to the action of the wind, as is demonstrated by the more or less 

bi-weekly periodicity of this rhythm. 

d) Cycles related to the biotic determination of the succession.- 

We dsicovered another type of regularity upon studying the succession of 

communities represented in the pulsations described, of which the moments 

of greatest floristic discontinuity coincide, generally speaking, with 

the minimums of present production. Each one of the successive populations 

shows a distinct personality, as may be seen from the simple examination 

of table II. In table III, the succession has been broken down into 

phases, taking as limits the moments of maximum discontinuity; the data thus 
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summarized and simplified enable us to better identify and more briefly 

describe the course of the succession. Its regularity takes the form 

of a repetition of segments of same - or partial successions, which 

cover about three months, each one thus including three or more of the 

simple pulsations studied in the preceding paragraph. The successive 

phases - each ordinarily represented bv one or two biweekly pulsations - 

which characterize each of the typical partial successions, are the 

following: 

1. Clear dominance of diatoms over dinoflagellates, the former 

being represented by species, (measuring about 10 p in diameter), showing 

rapid proliferation and having few requirements, as is demonstrated by 

their ability to live in acquariums. Sceletonema costatum, Chaetoceros  

socialis and Leptocylindrus danicus are the species most characteristic 

of this group, all of them able to multiply so rapidly that the population 

may be doubled and even tripled in 24 hours. 

2. Gradual increase in the ratio of dinoflagellates. The diatoms, 	/P.1 

which continue to show a slight dominance, include, as the most typical 

species, Lauderia borealis, Rhizosolenia alata, Thalassiosira rotula, 

Thalassionema nitzschioides  and various Chaetoceros, all of them having 

larger dimensions than the species of the preceding group. When the 

waters do not permit huge daily increases, the species of this group 

gradually eliminate those of the preceding phase. Some of them, like 

Rhizosolenia alata,  are comparable to those of the first group as regards 

their high potential for multiplication. Frequently, the diatoms form 

endocysts at the end of this second phase. 

3. The final phase may be so prolonged that there is an impoverishment 
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of the plankton and, throughout its entire duration, the mass the

dinoflagellates e:,ceeds that of the diatoms. The dominance of the

dinoflagellates is also dependent on temperature, since it is more

manifest in summer (fig. 9). Species of Ceratium, Dinophysis and

Peridium dominate the plankton population. These are species with

a lower ratio of pigments than the diatoms and some of them are

partially heterotrophic. This is also the case of Noctiluca.

The most probable explanation for the regular repetition of

these partial successions would be that the development of each of

the consecutive communities transmits given properties to the water,

or else ambients it or places it under conditions4this concept is

widely used today in ecology and is sometimes expressed using terms

deriving from the Latin condio, season, temper; eg. "Environmental

conditioning", in ALLEE, etc., 1950, p. 352) which will favour the

establishment of certain communities in preference to others. The

three periods mentioned generally follow each other with considerable,

though not with absolute, regularity, since it may happen that one of

them is shortened or appears sporadically - perhaps developing locally,

in which case it appears as a sequence of populations in a water which

is being displaced. We leave to the reader the task of interpreting

table III according to the principles outlines. Table IV shows the

different types of partial successions observed.

The wide variations in the ratio of dinoflagellates in Vigo have

a different explanation than those occurring in Eastern Spain. In the

Mediterranean, the density of dinoflagellates could be considered
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Li
practically constant throughout the year, because the periods in

which•they dominate coincide with those of low total production.

This empirical rule is consistent with reality, so that the total

number of algae cells, in relation to a constant number of dino-

flagellates (100 to 1000) is a reliable index of the density of

the total phytoplankton population, since it corresponds closely

to the quantity of pigment contained in the plankton.

TABLA IV

• Sucesiones bidticas en el fitoplancton de la ria de V.-go

Sus etapas van incdicadas por los misa os niimeros que encabezan los pârrafos del
texto (capitulo IV, apartado d) en que han sido descritas. En las tablas II y III
del presente trabajo y en las I y II de uno anterior (l'IARGALEF .C Dvxs^, 1953) puede
verse la composicidn de las comunidades que aqui se han reducido a unos pocos tipos

!

1951-1952 1952 1953-1954

13-IV-52 25-IV-53
1 1

2
2 3

20-VI-52 3-VII-53
1 1

3
2 1
3 2

3 red water
5-IX-52 30-IX-53

3 2 transition
15-XI-51 15 .A-a3

1 1-2
2 3

28-I-52 29-XII-53
1-2 1

3 2
3 2-3

13-IV-52 31-III-54

Table IV

Biotic successions in the phytoplankton of the Ria of Vigo

The phases are indicated using the same numbers which begin the paragraphs

of the text (chapter IV, section d) in which they have been described.
Tables II and III of the present work and I and II of a previous work

(21ARGALEF & DURAN, 1953) show the composition.of the communities which

here have been reduced to a few types.

/n.112
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This procedure cannot be used for Vigo, so that a table included in 

a preceding work becomes worthless (MARGALEF -& , DURAN, 1953, table II), 

and, for the same reason, in table III the rates per thousand are 

given in relation to the total number of cells. The variations in the 

representation of the two most important groups of planktonic algae, 

mean that we must take into account their ratio
2 
 to give,a ponderal 

expression of the quantity of pigment, as has been done in table III 

for the averages of the different phases of the succession and as is 

discussed in chapter II, section a). These considerations may be ignored 

when the pigment mass is taken as a simple index of productivity. The 

other groups of planktonic algae are always poorly represented and 

particularly noticeable is the scarcity of coccolithophorales which, 

since the filtering was only done (illegible) 	  

e) Hematothalassia.  - Frequently, the mass of dinoflagellates 

exceeds that of the diatoms, even at moments of maximum production, such 

as the so-called "red water"; (however, we prefer the term hematothalassia  

introduced by SOBRINO (1918), the first Spanish author who wrote about 

it knowledgeably), which appears frequently, though not necessarily every 

year, in the Ria, as well as in other Galician rias. In 1952, it did 

not occur in Vigo, though it appeared in 1953 (September), terminating 

one of the partial successions which led to the accumulation of a huge 

quantity of dinoflagellates. Possibly these organisms are concentrated 

in the top layers, which would explain the sudden decreases in their 

density,occurring either following a strong tide or due to the action of 

the wind. SOBRINO observed the phenomenon in the Ria of Pontevedra 

during the months of June-July (1916) and July-August (1917). Red water 
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is, therefore, a summer phenomenon, its intensity and the date on which

it appears at full force varying from year to year.

The red water in the Ria of Vigo - at least that of 1953 - was

not an exceptional or chaotic'event, but rather the culmination of a

perfectly normal development of the population. Though on different

occasions, both here and in other waters, the dominant species in the

red water was Goniaulax polyedra, in 1953, the largest production recorded

was of Ceratium furea.

In table V, there is a comparison of various cases of hematothalassia

in peninsular waters and - because of the high interest offered by the

similarity of composition - in the Oslo fjord. In August .-and September

of 1952, a similar population was developing, however due to unknown

causes, it did not reach the level needed for the water to visibly change

colour; in spite of this, we have included the corresponding data in

table V. We lack precise data for a comparative analysis of the years

1952 and 1953; perhaps the rain had something to do with the difference.

In 1952, the strongest tides of the equinox occurred with the full .. moon /p. 114

on September 4; the rain which fell during the last ten days of August

was 23.7 liters/m2; during the first ten days of September, nil; during

the second ten days of this same month 6 1/m2.

In 1953, the full moon occurred on September 23 and 37 and 113

liters/m2 of rain were collected during the last ten days of August and the

first three weeks of September. Wind intensity was approximately the same

during the corresponding periods of the two years compared.

Obviously, the high plankton production needed in order for its

concentration to become visibly perceptible can only occur in restricted
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r TABLA V

ComposiciÔn del fitoplancton, en tanto por ciento de :ndividuos, en varios ejemplos
de hematotalasia. +, presencia e-casa o indeterminada.

Pontevedra Vigo Vigo Areia Fiordo
Branca de Oslo

VIII-17 9-IX-52 21-IX-53 IX-19•11 G-IX-50
SOBRINO Dos SANTOS NORLLI

(1918) (1949) (1951)

Ceratiunti jurca ....... + 20 % 81 ryo •3 rj'o 45 %
Ganiaulas polJedra. en masa 40 $'o + 85 % 43 %
ProrocentrivrrL naicans + + 2"i; ro 4% 8 %
Peridiniurrt. sp. uI. .., + + 3 jo 6 % 2 %
Ceratium fvsus ........ + + 5;'0 1 %
Dinophysis sp. pl. ... . + 5 % 1 % UÀ %
Ceratium. tripos ...... . + 1 Mo . +

LI

I

(*) Ceratium lineatum..

Table V

Composition of the phytoplankton, by percentage of individuals, in

various cases of hematothalassia. +, low or undetermined quantities.

areas which combine favorable circumstances. The low depth and the

inland nature of the water are the most essential. For SLOBODKIN

(1953), the initial c-ause-of Ihematothalassia along the coast of Florida

is the presence of a mass of low water, with salinity lower than that

normal in the Gulf of Mexico. In any case, a certain discontinuity

with neighbouring waters is important. In other localities, hematothalassia0
0
ri

L. .e.
is frequently associated with the death of lar quantities of fishes

and other marine animals, including mammals, and sometimes with an

irritation of human respiratory tracts. The damage is more strongly

felt when known toxic species appear in the plankton (Goniaulax catennela,

Gvmnodinium brevis). See GUNTER & al. (1948, WOODCOCK (1948) and HAYES

& AUSTIN (1951).
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V. FRAGMENTARY OBSERVATIONS ON OTHER ASPECTS OF THE DYNAMISM 

hi a) Reason for the increase in the species.  - Minimum estimates 

of the net increase have been obtained - disregarding sedimentation 

and consumption by  animais  - by comparing the population density of 

a given species during successive days of normal  increase in phytoplankton, 

estimated in the portion representing the total population measured in 

units of pigment. The figures obtained include the error represented by 

the uneven density of pigment in the cells of the different species, 

the essential regularity being provided by data referring to species 

which multiply rapidly, since it is only with these species that periods 

of a few days can offer usable data, for they are the only ones which 

can assure sufficient homogeneity in the changing picture of the Ria 

plankton. 

Table VI gives the values found, expressed in different units, 

as reason for increase (r), number of divisions in 24 hours (a) and 

percentage of daily increase (a). The area/volume ratio has been calculated /p.11  

approximately using geometric models. 

The values of this table are comparable with the figures published 

by other authors (GRAN, 1933: Rhizosolenia alata,  1,2 divisions per day; 

BRAARUD, 1937: Sceletonema costatum,  0.9-1.2 divisions per day at 10-12°C, 

etc.). It should be noted that all the species showing rapid increases 

have small cells and a relatively large area. They are "acquarium" 

species, which generally achieve their maximum production rapidly in wild 

plankton crops. They may compared with ruderal plants and, like them, 

they become rapidly established under altered conditions; however, over 

a long period, they ar&  replaced in the natural succession by other larger- 
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1 2 - 3
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Cna^:oc^: •. :or, fi=
Ÿ a 7--X1-53. I:: it 1î C. ..... O.ï^-1•:^ 1-2 PU -_̂i0

26-t• G-Vl 14 a 1-l.5, C.
1 a 9-\ S:S. 16 C. ..... U.: - l._ 1-_ 8u -2:;0 0.7-2.6

R1ti_^zr;ictr'u (,na
1 a li.t \-53. 1G- C. ... ....._. 0.4.5 - 0.7 0.6 - 1 55 - 93 1,; 0.4-1

Lep?uc,:Ii,•drtt.<. (iaa;ct:.
5 a 15-\'-53. 15.5 a 1t;,4` C.
4 a_G-1•III-53. 1G.8 ct 1i.8 C. 0.4 - 0.3 0.5-0.7 50 - 65 t7; 0-5 - 1

Cera1'u:,, furcu
4 a 21-1\-53, 16 a 18.3' C. ... 0.12-0.25 0,2-0.4 12 - 30 !c 0-2 - 0,3

Table VI

Net increases in various species of phytoplankton, assumed from the
increase observed in natural populations of the Ria of Vigo. r.
reason for increase; n, number of divisions in 24 hours; a. percent
of daily increase.

Key to Table VI -

1 - Species 2 - Dates 3 - Temperatures

sized species with a smaller relative area. This becomes obvious from the

comparison of phases 1 and 2 of the succession described in chapter IV,

paragraph d).

Species cavable of high increases achieve sudden maximums (diatoms);

they also cause heterogenous distribution. For example, the 42,000 UPH/,3

"bank" of figure 11, lower right (station II, 10 m depth), was made up

mainly of Chaetoceros socialis, of which the colonies may be observed at
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a glance as thin flakes floating on the water sample.

The downward lines in the upper right-hand corner of graphs

1 to 4 give us an idea of the increases normally occurring in mixed

L,^)
plankton. populations. If the representation semilogarithmic (logarithms

C•

of UPH), a given rise corresponds to each value of r. The maximums are

usually slightly above r = 0.5 for populations with a dominance of

diatoms, and r = 0.1 for those with dominance of dinoflagellates. The

values found in the plankton of Castellon are much lower, perhaps they

do not exceed r = 0.25. It is worthwhile mentioning that the "optimum"

for a given species or mixed population is not the cusp or maximum of

the curve indicating its present production or mass, but rather the

maximum value of r, that is to say, the moment in which its population

increases with greatest intensity.

b) Importance of losses due to exchange with the outside, sed-

imentation and the action of animals. - If we consider the Ria as a

plankton-producing system communicating with a sea which lacks plankton,

so that the plankton going out with the tidal currents later disperses

and does not return with the incoming tide, we may calculate a maximum

limit for plankton loss due to the alternate flow of the tides.

In this hypothesis, the value to which a unit population is

reduced through the action of the tide may be estimated at

(1 - h ) 2t h - range of tidal variation

Z - average depth of the Ria

t - time in days

This equation gives 0.72 approximately, for one day, in the case of high

tides, and 0.91-n those of lesser amplitude. A more manageable equation



would be: 

Nt = Noe
mt 

in which m (always negative) is a reason for "emigration", such that 

m = log
e 

(1 - 
h 
 ) 2 

m equals -0.33 for tides of maximum amplitude and -0.1 for lower ones. 

In reality, this picture is extremely confused, since we do not have 

detailed knowledge of the tidal currents and we have disregarded the 

return of plankton from the sea to the Ria. We also disregarded the 

circulation between the sea and the Ria due.to differences in density, 

of which the importance is still unknown (x). The decrease in surface 

plankton at moments of maximum amplitude of the tides (fig. 11: stations 

I and II on April 3, 1951 and 6 and 5 on March 30, 1954) may be partly 

due to the higher speed of the currents on the surface. In any case, 

these limit estimates give us a basic for discussion. Any value of 

r higher than m ensures the maintenance of an endemic population in 

the Ria; in truthi a lower value would suffice, since our estimate of m 

is exaggerated. Phytoplankton maximums usually coincide with spring 

tides, so that during these times, the increase more than compensates 

the population loss in the Ria, which is also greater on these same 

dates. The effects of tidal currents on the distribution of plankton 

4)  
inside the Ria shbuld(Studied as a premise for the exact comparison of 

samples taken at different points in the tidal cycle. 

A portion of the cells produced in the phytoplankton becomes 

sedimented. Their ratio is difficult to assess. It is possible that a 

(x) KETCHUM (1954) in a recent work, develops similar ideas. 

47 
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future study of the successive aspects of the "clouds" of plankton

will give us a general idea of their importance. The data of

GILLBRICHT (1952), aside from being open to question, are difficult

to apply to our Ria. Estimating on the basis of literature published

on fresh or marine waters, we must accept a sedimentation reason S

of about s = -0.3 to -0.45.

We must also take into account a reason - also negative - con-

:stituted by consumption on the part of animals ("grazing"), which we

shall call f. We still lack data on the development of zooplankton in

the Ria, though our first impression is that it must be quite irregular.

Certainly, there must be very high values of f at some periods; for

example, when there is a sudden appearance of large quantities of brachy-

uran larvae, etc. We might consider attributing some of these decreases

in the phytoplankton population mainly to the action of animals, however

the speed and irregularity with which the entire plankton community

develops in our case prevents the use of the equations of FLEMING (1939)

and other similar ones assumed for a plant population on the increase,

of which the increment causes a progressive rise in the animal population

which lives at its expense, to the point of hindering the multiplication

of algae.

In view of all that has been said, the net increase in the

phytoplankton population should be made equal to

Nt = NOe(r-m-s-f)t

and considerâ net reason

r' = r-m-s-f
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which may be positive or negative, depending on the circumstances of 

the moment. Certainly the sum of the absolute values of m-l-s+ f may 

be about 0.8 or even as high as 1. If this sum exceeds the multiplication 

potential of phytoolankton populations, the present mass of phytoplankton 

is diminishing. It is understood, therefore, that decreases in the 

plankton mass may7 depending on circumstances, be due to a reduction in the 

rate of increase of the algae, which can no longer compensate "normal" 

losses, or else to an unusual increase in emigration, sedimentation or 

grazing •., even though the rate of multiplication of algae remains very 

high. The difference is considerable, even from a practical point of 

view, because in the second case, the productivity of the water remains 

higher. 

/p.118 

c) Competition and its relation to the index of diversity. - 

The example given in table VII covers a short period (from May 6 to 16, 1953) 

during which the population mass varied little, however with a gradual 

alteration in the quantitative ratios between the different species. 

Certainly many other similar examples could be found, however we have 

chosen this one because it covers a period in which the plankton varied 

little and in which exact counts of the number of cells were made. 

In the course of the ten days covered in the example, we note a 

regression of Rhizosolenia Stolterfothii, Eucampia zoodiacus and Sceleto-
. 

nema costatum - this latter being a small-celled species - as a result 

of growing pressure from Leptocylindrus danicus  and Rhizosolenia alata. 
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TABLA V11 

Ejemplo de competencia en la sucesitin de las comuniciztcles plancténicas de la ria 
de Vigo. Representamen. en tantos por dent°, de  eiversas especics  de  algas en el 

Munero total de  células del plancton.  1ay° de 1953. 

Date " 
UPH/liter  

6 7 8 	9 

11,8 9,3 12.4 18 

1 
11 12 15 16 

12.3 9.4 15,7 6 

nAzON CE INCRE-
MENTO NF.TO, SU-

PONIENDO CONS-

TANTE EL PUNC-
TON TOTAL ( r') 

2 Leptocjilinciras darticus 
Sto;rerfothi 	 

Ritizosol en in a la ta 	 
Eticampia zoodincus 	 
Sceleton-erna costan7n 	 

	

Thalcissionerna nitzschioides 	 
Chaetoceros pl. sp. 	 

48.5 57.4 63,5 74.6 62.1 86,1 78.8 79,8 
14.8 14.3 19,7 9,4 9,3 6.1 4,1 2.2 
1,2 3.2 1.5 6,3 6.3 1,5 10,3 3.2 
3,5 5,6 5,4 1 0.4 0,7 0,2 0,6 
5 	1,7 0.9 0 	1.9 0,5 1 	0.3 
0,4 0 	1,1 1,1 3.1 1,1 0,6 1,1 

17.6 10.4 5.4 4.3 11.7 1.1 0 	3.5 

+ 0.057 
— 0,19 
-i- (1.23 
— 0,39 
— 0.281 

indeterminable 
indeterminable 

o Total especies citacias ... 	96,0 92.6 97,5 96,7 94.8 97,2 93,0 95.7 

Table VII 

Example of competition in the succession of plankton communities of the 
Ria of Vigo. Representation, in percentages, of the different species of 
algae .in the total number of Dlankton cells. May 1953. 

Key to Table VII - 

1 - Reason for net increase 
supposing the total 
plankton remains 
constant (r') 

2 - Leptocvlindrus danicus, 
etc. etc. 

3 - Total of species mentioned ... 

Supposing the total phytoplankton mass to be constant and equal 

to K - the amounts of pigment remain similar - and Ebeing a reason which 

includes losses due to sedimentation, emigration, consumption by animals 

and natural mortality (p = m + s + f ...; immigration must be negligible), 

we may write: 

where r r
2' 

r
3' 
	,rm 

are the reasons for the increase in the different 

species and D a reason for loss which, in an initial approximation, i$ 

assumed to be equal for all the algae of the community, even thongh in 
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E
L:1

0

0

.reality this cannot be entirely true since, although they all run

the same risk of being carried out to sea on the tidal currents, all

species do not have the same probability of becoming sedimented or

of being eaten by the animals which are most abundant at that moment.

The analysis of this factor must be left for the future: however, it

is still useful to continue the discussion, because it can give us a

general idea of the magnitude of the parameters which come into play,

and this is important in the planning of new research: in absolute

values, g cannot be less than the maximum negative values of r^m = rm - p,

because r can never be negative. For Eucampia, the table gives r°

0.4; because of what has been said in the preceding paragraph, p must

fall between this value and -0.8. A value of p=-0.45 would give us

r values of 0.7 and 0.5 respectively for Rhizosolenia alata and

Leptocylindrus danicus, siinilar to those which appear in table VI, however

those of this table are closer to rl than to r, givert the. circumstances .

under which they were obtained, so that it is reasonable to make Q equal

to at least -0.6.

If p were equal for all species, the values of r in the specific

conditions under which competition develops would determine its future

trend (*). If the total population does not vary, the differences r - Q

must constantly diminish, until E is equal to the value of r of the species

which, in the end, is the sole survivor, having successfully eliminated

all the others. It may happen that Q actually increases, however we

must also recognize the effect of over-population (depletion of nutritive

salts, intoxication by ectocrine substances) which reduce the values

(*) Experiments under way show that in mixed algae populations, there
is an interaction which obliges us to modify this initial hypothesis,

which is overly simplistic.
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of r. The fact is that the differences rm - p tend progressively

towards zero. In our case, the ultimate survivor would in theory

be Rhizosolenia alata. In reality, the successions can never be

defined this clearly, because environmental conditions are constantly

changing. This is why analyses of this type are still useless in the

study of natural communities, serving only to illustrate some aspect

of their dynamism. The problem dealt with by VOLTERRA (1926) of the

"association between two species which compete for the same food" is

similar and leads to the same results: elimination of one species by

another, except for improbable cases of very special values of the

constants.

Let us arrange, in descending order, for two successive dates,

the quantities of the different species of the community analyzed, including /p.120

the rare ones not included in table VII (Table VIII). The regularity

noted in both progressions lets us see immediately that the average reason

between two consecutive terms is greater in the latter than in the former.

From the ratios studied elsewhere (MARGALEF, 1954 b)it appears that the

index of diversity of the community shows a negative correlation with the

mean quotient between the number of individuals of species occupying

neighbouring localities, when they are arranged in descending order of

abundance.

The normal dynamism of any community or, better stated, the

manifestation of competition among species, should in theory lead to a

reduction in the index of diversity (MARGALEF, 1954 b) and this fact in-

creases the tendency (seen in graphs 1, to 4) following each moment of



1 
INDIVIDLT OS CONTALOS DE LAS DIE EllENTES ESPECIES d Date 

(1 ) 53) 

53 

TABLA VIII  

Sucesiones tom:10,as por los m:uneros de individnos de las distintas especies presen- 
tes en cada muesra, nrdenactas de nuis a menas  abundantes, en dos moraentos del 
desarrollo  d  una comunidad de fitoplancton en la ria de Vigo. Se dan también los 
indices de diversidad. d=(S•-1)ilog,„N y d'=--Silog„1/PII (d' calculado por duplicado, 

segUn las es)ecies de este recuento y segtin todas las vistas en la muestra). 

/lay 6 	,u;d:i15'):109:87:61:51:12:19:9:8:84:4:4:2:2:2:2:1:1:1 	2,9 	5,2-6,5 

May 16 2
5 

	

2,6 	4,7-6,2 

Table VIII 

Successions formed by the numbers of individuals of the different 
species present in each sample, in descending order, at two moments 
in the development of a phytoplankton community in the ria of Vigo. 
The indices of diversity are also given. d = (S-1)/logeN and 
d' = S/10g10

UPH (d' calculated twice, according to the species in 
this count and according to all those seen in the sample). 

Key to Table VIII  - 

1 - INDIVIDUALS COUNTED FOR THE DIFFERENT SPECIES 

intense floristic change, when the situation is normalized, towards an 

arrangement by decreasing values of the aforesaid indices, tendency which 

we have attempted to emphasize - sometimes a bit arbitrarily - bydrawing, 

lines. 

d) Heterogenous distribution of plankton in the Ria in relation  

to the intensity of water mixing..  - SVERDRUP (1953), basing his comments 

on the studies of GRAN & BRAARUD (1935, p. 423), according to whom the 

spring increase in phytoplankton can only occur if the vertical turbulence 

does not cause an excessive loss of cells from the layers where assimilation 

is possible, poses, as a necessary,condition for the increase in phytoplankton, 
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a minimum value of the ratio between the agitated surface layer (top 

mixing layer) and the depth of compensation of the phytoplankton. 

This ratio could not exceed 5-10 times. These ideas are open to 

broader generalization, assimilating them with those of KIERSTEAD & 

SLOBODKIN (1953), who assign a minimum horizontal dimension to the 

water mass surrounded by others with different conditions or conditions 

unsuitable for the species considered, so that the population cannot be 

preserved or increased in it. A finite population can only resist 

dispersion if its rate of multiplication exceeds the losses, of which 

VS e 
the order of magnitude is the ratio of the diffusivity to the square 

IP. 121 

of the dimension of the region in the zone of maximum diffusion (K & S, 

1953, p. 146). 

Both principles mean impossibility of growth (when the neigh-

bouring waters are empty) or of maintenance of  bio  tic  independence if 

the diffusion or dispersion of the individuals exceeds their production. 

In a preceding section (chapter V, section b), we have applied thia,, prin-

ciple in evaluating the maximum loss which could be caused by the tidal 

currents, coming to the conclusion that the value of r more than exceeded 

it, permitting the conservation of a native population in the Ria. 

Having established the independence of the Ria with respect to 

outside waters, since the increase values are much higher than the loss 

of plankton, we must determine whether these same conditions can bring 

about heterogeneity within the Ria. Following KIERSTEAD & SL0B0DK1N4, 

however, without any need to apply the final formulae obtained by them, 
• 

we shall suppose that the square rooi of the quotient between the 

ratio of loss or diffusivity and the ratio of multiplication 
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is in proportion to the dimension along which a given population

maintains a balance or remains independent. If multiplication

compensates emigration in a 20 km ria, if this distance is increased

four times, it will be possible to maintain distinct populations

separated by 10 km, or nine times to ensure heterogeneity of the same

type between distances of 6.6 km. Hence we assume that under productivity

conditions which are frequently repeated, where the net increase is

two to ten times greater than the loss or mixing of individuals through

the tidal currents, within the Ria^heterogeneous populations may be

produced and maintained, and even more easily when the growth rate of

the plankton is higher and the tides less violent.

In the Bay of Kiel and in the North Sea, BILLBRICHT (1952,

p. 178) and KREY (1954, p. 12), studying samples obtained during successive

periods at short distances, bring to light notable differences in the

composition of the phytoplankton, even between distances of 2 km. Even

before we became acquainted with these works, the foregoing considerations

had already led us to the conviction that there was considerable heter-

ogeneity in phytoplankton distribution. The first positive data were

obtained in March of 1954, upon studying the pigment content of 10 liter

samples obtained at different points in the Ria. These initial studies

must be supplemented by research on the distribution of the different

species. The samples were taken successively in pairs: for example, /p.122

first surface and 20 meters, then 10 meters and 20 meters, later 10

meters and surface, in such a way that a pair of samples from the same

point was collected within an interval of an hour to an hour and a half,
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so that the variance between points (table X) not only measures the 

experimental error, but also that of possible drifting of the water 

mass during that time, as may be seen from the existence of the 

odd high deviation (table IX, April 3, station I, surface). Tables 

IX and X and figures 11 show the results obtained. 

Between points separated by only 3 km, one already notices 

considerable heterogeneity in the phytoplankton distribution. Hori-

zontal heterogeneity may be expressed as a gradient referring to one 

kilometer of distance from the unit density. Thus, from the data 

published, we may assume values ranging from 1.15 to 1.3 and around 

station II on April 3, 1954, at a depth of 10 meters, a maximum value of 

1.77, that is to say, a 77% increase over 1 kilometer. The analysis 

of 	variance has also been used by CUSHING (1952) in studying 

discontinuity between patches of plankton; in our case, the value of 

z measures heterogeneity well and it is especially useful for comparing 

vertical and horizontal heterogeneity and interaction (diversification of 

types of vertical distribution according to localities, or viceversa); 

however there is the disadvantage that it . may be obtained independent 

of distances. It should be possible to express the tendency of plankton 

to differentiate or segregate into heterogeneous communities in a 

simpll.er  way. It is to be hoped that future studies will enable us 

to make it a function of the square of the distance between the points 

being compared and the growth rate of the plankton (in turn related 

to the difference between the present population and the maximum under 

those conditions), as factors favoring diversification, and of the 
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TABLA IX

Iietero ;eneidad en la distribuci6n cuantitativa del fitoplancton en la ria de Vigo.
linidades IIarvey de pig:::ento contenidus en series de muestras de 10 litros obtenidas

el mismo dia en dirantos puntos de la ria. Localizaciôn de las estaciones indicada en

la fig. 11; profunciidades: 0. 10 y 20 met:•os. Muestras duplicadas para cada punto.
Horas, huso 0.

E

f^
Lâ

1
J

March 26, 1954. P.eamar: 6 h. 40 min., 2,6 m; 19 h., 2.7 m.

2 Bajan:ar: 12 h. 45 min., 1,2 ni.

Station I Station Il Station III Station IV
12 h. 30 - 13 h. 9 h. 45 - i l h. 20 18 h - 19 h. 10 15 h. 15 - 16 h. 10

Surface
76,7 142 119 117,5

175 123.5 163.5
10 meters....... 81.1 49 59.2 57.5

32,8 63,6 66
20 meters.,..... 4t,5 58.7 54 42.7

66.7 58.5 49

April 3, . 19;1. rlec3i::r: 14 'a. 56 3.7 m.
4 E,ja:na: : 3!1. 50 n:in. y 21 h. 10 min., 0.1 ni.

Station I Station II Station III Station IV
1^ i^. 15 - 1(i i1. 1G it. ;0 - 1: h. 11) h. - 12 h. 12 ):. 40 - 14 il.

Surface ....... 65 7 G 1:37 122

133 93 3.5-4 . 144

10 meters ..... 4110 1.5-1 129
490 157 1513

20 meters ...... --^ 164 14(; lr?
171 147 1S7

Table IX

Heterogeneity in the quantitative distribution of phytoplankton in the

ria of Vigo. Harvey units of pigment contained in series of 10 liter

samples obtained on the same day at different points in the Ria. Location

of the stations indicated in fig. 11; depths: 0, 10 and 20 meters. Double
samples for each point. Hours, zone 0

Key to Table IX -

1 - High tide: 6 h. 40 min., 2.6 m; 19 h., 2.7 m
2 - Ebb tide: 12 h. 45 min., 1.2 m.

3 High tide: 14 h. 55 min., 3.7 m.
4 Ebb tide: 8 h. 50 min., & 21 h. 10 min., 0.1 m.
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. _ .•, ' . .. !.. ,".(.. ... .. .,:.,:' i•.,, ^ .. (!l^: ^. , .,,. •lr, , ^ ^ , , :\•

:i!.. ^^11.

fit-

.:I!..

March 26, 1954

0

.'^t, ^,,:\, t,^ 4 c( t, (: .,• r, }.
1 \.ot i .:, c

2 3
L-l^:.'1^-T:\I=_UI MO

i .
: : ! 13 5U.35 2.04 < if U01

t !•^• 41a 187 q31 0.27 ^ . . .. ..
. .

:..

•,f. :, .. ... . ... . i • ri :3 h ().G 1 0.05

^ : .,:1 ( 2'.`111 1:..21i 1.Z!1 G 0!101

k•U1:'C t;tf; 1!
`

i,du•, I ',:t, 1 y "-'t)

10 '., . ... .. . . . . . . ^.•i 0.'.1 20

11 ! r;( :.• :(i.iil

12 \,\t;t, .^,.\ 13 st >::\ 14ca:\uus 15cr.\:',.+.t'n
fr41^lt^,^n^. ).1C1 rr.\Il ). ,! „)n--

16 ;:!r 1t11 2 1n 2.10 < 0.0f 11

17 o.lact^•. ..ti .. ... •::' ^"' : 14 1:11; •1 1.!!a <0.001.

18 1ti92 :•^ G :30 -1n9 10::.3:, 2.31 <0001

19 ^(;t; -,i,'i 11 24 Z-j0 P, 1.G5 2,20 <0,U01

20 4•w;, c1t1I^lic:tdns : 1:,(;4 12 297,
21.. .. ... .... ....... 2703:7 2:3

Table X

Eeterogeneity in the quantitative distribution of nhvtoplankton in the

ria of Vigo. Analysis of variance of the results given in table

VII.

Key to Table X -

1 - VARIANCE 2 - SUM OF 3 - DEGREES OF 4 - MEAN

SQUARES FREEDOM SQUARE

5 - Between depths
6 - Between stations
7 - Interaction
8 - Total between points
9 - Error between duplicate samples

10 - Total

11 - April 3

12 - VARIANCE 13 - SUM OF 14 - DEGREES OF 15 - MEAN

SQUARES FREEDOM SQUARE

16 - Between depths

17 - Between stations

18 - Interaction
19 - Total between points

20 - Error between duplicate samples
21 - Total

/p.123
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intensity of mixing of the water - dependent on the winds and tide - 

and of the square rot of the population density (since the probability 

of random heterogeneous distributions, which may serve as a basis for fur_ 

ther .differentiation, is related to the relative error  JiTh = 1/Ti) 

as factors which oppose that segregation. The qualitative heterogeneity 

in space must manifest itself in a sequence of distinct populations which 

may correspond to swarms of plankton wandering through the Ria. In 

fact, when tidal amplitude is lowest, the indices of floristic discon-

tinuity between consecutive samples attain their highest values, which 

could be attributed to a manifestation in time - due to circulation of 

the water - of that segregation in space. 

Another aspect of research on heterogeneity is the attempt to 

relate accumulation or rarefaction of plankton to special configurations 

in the distribution of given properties of the water. In a couple of 	. 

cases (table XI) the concentration of plankton corresponds to thermal 

anomalies and we consider it of highest importance to properly explore 

this point. In this regard, it is worthwhile calling attention to the 

works of ROUBAULT (1946) and SARGENT & WALKER (1948), the former referring 

to smooth "patches" which are seen on the surface of the water, at some-

what lower temperature (by 0.2°C) and with more plankton in the upper 

layers, and the latter associate the presence of whirlwinds with the 

accumulation of diatoms. 

In spite of the shallowness of the Ria, vertical heterogeneity 

is considerable. The stagnation following an agitation which has vertically 

mixed phytoplankton must in turn be followed by a more intense growth 

of algae in surface waters. If r varies in direct relation to light intensity, 

/p.125  
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Fig. 11. - Quantitative heterogeneity of phytoplankton distribution in 
the ria of Vigo. In the upper portion, location of the stations with 
indication of where samples were taken. In the other graphs, the numbers 
indicate UPH in 10 liters of water; the stations are marked with arabic 
numerals (centre) or roman numerals (below). See tables IX and X. 

Key to figure 11. 

1 - March 30 	2 - Heterogeneity 3 - Tidal amplitude 1.95 m 4 - vertical 

5 - horizontal 6 - Secchi disk 7 - March 26 8 - Tidal amplitude 

. 9 - vertical 10 - interaction 11 - horizontal 12 - Heterogeneity 

13 - March 24 14 - iüteraction 15 - April 3 17 - vertical 18 - Ipteraction 

19 - horizontal 20 - Heterogeneity 
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TABLA XI

Distribu4i6n de fitoplaucton, en UPII por 10 litros, a 10 r.tetros de profundidad, en
relaciôn con las temperaturas del aguz al misnio nivel. Entre paréntesis, diferencias

con respecto a la media de estaciones inn:ediatas.

ci March 30, 1954
Stations 6 5

UPH ............. 256 354
(+ 136)

Temperature (* C•) 13.1 12.9
(-0.25)

April 3, 1954

4 Stations i II III

181 UPH ............. 88 490 156
(+ 246)

13,2 Tempera tur9 C.) 13,4 12.7 13,5
(-0.7)

Table XI

Phytoplankton distribution, in UPH per 10 liters, at a depth of 10 meters,

in relation to water temperatures at the same level. In brackets, differ-
ences with respect to the average of neighbouring stations.

for the normal values of r (about 1) and the absorption of light in the

Ria (/<- 0.2), we would find that a surface layer which represents one fifth

of the depth of the Ria, and which, supposing uniform vertical distribution

initially, would contain 20% of the population, will have to lodge more

than 50% four days later, and about 85% eight days later. In the lower

graphs of figure 11 we see that the phytoplankton accumulates on the

surface when tidal amplitude is low. At such times a sudden agitation -

wind - may cause the surface plankton to descend rapidly, and to become

uniformly distributed in a vertical column. It is to this phenomenon

and to the reverse of accumulation that we must undoubtedly attribute

some of the extreme short-term variations in the series of phytoplankton

determinations in surface waters. Since the vertical mixing does not /p.126

eliminate much plankton from the region where photosynthesis is possible,

^;^
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given the shallowness of the Ria, but rather it even leads to a better

utilization of light by the plankton - as in a waving crop, and the

same circulation favours the distribution of nutritive salts, there

is an optimum degree of turbulence- sufficiently above the minimum -

for maximum total productivity, which it will be necessary to study.

This is why moments of agitation of the water correspond to absolute

maximums, and at times of greater stagnation, the occasional accumulation

of plankton on the surface generally does not dissimulate the minimum

production which then occurs. In the figure last mentioned, it may be

seen that on April 3.,the surface plankton is no more abundant than a

week earlier; on the other hand, the total mass of phytoplankton is much

higher, as a result of the more violent agitation to which the water

has been subjected. The problem posed by GRAN & BRAARUD and SVERDRUP

concerning the need for a proper ratio between the top mixing laver

and depth_o£ compensation for the production of phytoplankton, does

not occur here; however, in its place we have the problem already outlined:

to determine the degree of turbulence whic ^ under given conditions of

light penetration ensures maximum productivity in the plankton community.
/

VI. GENERAL CONCLUSIONS, POSITION OF THE RIA AND SUGGESTIONS FOR FUTURE

WORKS.

The idea we have formed of the plankton cycle in the Ria of Vigo

may be properly exnressed by referrintr to an example of a cycle dominated

by the upwelling of deep waters, such as that of Castellon. In the East,

over equal periods, at least three systems of determinant_causes of the
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annual rythm are superimposed: intensity of irradiation, which may 

affect the summer dominance of dinoflagellates; "upwelling" which 

characterizes moments of maximum production, limited in this case 

to a small part of the year; and the biotic succession due to con-

ditioning of the water, in reason of which we may exolain the 

successive development of diatoms, which appear as the deep water 

begins to rise, followed by other species, the formation of endocysts, 

the appearance and growing dominance of dinoflagellates and lastly, 

the proliferation of dinoflagellates so characteristic of the last 

weeks of autumn. In Vigo, the three systems are also superimposed, 

however each one of them is characterized by a different rythm. The 

heat and radiation cycle is the only one which also remains annual and 

which may explain the relative scarcity of plankton in winter and the 

growing dominance of thermophile dinoflagellates as the water temperature 

rises. The cycles of agitation are not one per year or several concentrated 

in a short season, but rather they succeed each other constantly and, 

naturally, according to the intensity of the agents which move the water: 

winds and tides. The decisive importance of these last is shown in the 

succession of small maximums, the jagged lines of the phytoplankton curve 

follow the springtides with close approximation. The biotic succession 

is dependent on the two preceding cycles. The extreme dynamism of the 

community enables it to develop the complete succession in less than a 

year; however, for its total realization, the half-month periods corre-

sponding to the tides are insufficient. Therefore, the biotic succession 

follows these lesser variations and includes the maximum production of 
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dinoflagellates during the hottest period. It is easily seen that

an unusual situation occurs, with successions of quite different

total duration (2 to 4 months) and which vary from year to yeax, with

a changeability which indicates that propers in research will be

difficult. It is pointed out that this breakdown of the cycle of the

Ria into the superimposition of a triple system: annual cycle, cycle

of agitation of the water - tides - and cycle determined by b3btic

factors, opens up new prospects for the analysis of the dynamism of

plankton communities in places where the three cycles are superimposed

and where this independent analysis is therefore difficult (Castellân).

The study of the Ria of Vigo requires great assiduity because

of the rapidity of its dynamism. It is necessary to confirm its richness

of nutritive salts and-obtain the hydrographical-data needed to situate

plankton observations. As regards phytoplankton, it would be advisable

to carry out quantitative determinations of carotids and dry weight.

Research on zooplankton should give us an idea of the role of same in

the regulation of phytoplankton populations. Possibly the topic of

greatest interest which this work suggests is the study of the hetero-

geneity and diversification of plankton within the Ria, as well as its

possible relationship with the waters outside of same.
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SUII\t A rY
A survey of the ph;;toplanlcton and Tintinnoinea of the Ria of Vigo, from

April 1953 to ;\Iarch 1954. Duplicate 4 1. samples of superficial water were collected
ne:tr the pier marked by a cross in fig. 11, and filtered throu.gh paper. One of the
samples served for the extraction of plant piÿments (expressed as Harvey units
[UPHI per m` in the table I and figs. 1-4); the other was resuspended in a small
volume of y: ater and mic_roscopically examined. The results are reported in table II,
rating the abundance of every sipecies from + to 5. The standing crop is always
important, around a mear, of about 30 000 'UPI-Ifm'. Coccolithophorales are scarce.
In figs. 1-4 are ^ti;tthered different data on pignient units, diversity and discontinuity
indices and some ombiental factors.

Annual succes!iion may be esplained as a result of the interplay of three separate
cycles. 1) The annual cycle dependent on radiatton, determining a major production
(chiefly of dinoflayellatne) in the warmer and brighter months. 2) The approximatively
bi«•eekly cyclc: dependent on tides and tivinds; stronqer mixing incre_ises the produc-
tion, since practically no phytoplankton escapes the photosynthetic layer (the Ria
is only 20-50 m deep); in calmer N\ater uh.•to-plankton develops specially near the
surface and then occur the major floristic discontinuities (vertical broken lines in
figures 1-4) Influence of fresh wnter is unimportant, since the basin of the Ria is
sma11. 3) Biotic successions lastinq in full 2-4 months and embracing a number of
minor pulsations. Their typical phases are: a) bloom of small cellcd diatoms; b) other
diatoms and increa.;ing number of dinoP,agellatae; c) dominance of dinoflageflatae
(table III). Summer successions may lead, almost every year, to a final discolouring
of water; in 1053 the dominant species in the red water was Ceratitun furca, other
years was Gon:uulu,U poll/edra.

Discussion of a number of frt,,mentc,ry observations itllow a better understanding
of the dynamics of nhytopi;nktnn populations. Minimum values for the rate of
inerease of some fast growing ;.pecies üave been computed (table VI); the species
having a greater stu•faèe/volun;e ratio show the highe_ values. As a result of con-
currence (esemt,ii ;ed in table VID. in undisturbed populations, the trend of the
ratios bett:een ,i aabers of cells of different >pecies is to become hiçher (tnble VIII),
so that diversity indices venetally drop alnn^ the «normah> segments of succession
(figures 1-4. «indicc de diverz<ic'.;td,)>. An esicnr,te for the matiimt:n le:,kage of plank-
ton through t:d;il curret:t: may be r,b,ained. but our data hive no mca>ure of sedi.-
mcntation and ;;rt,zin,. Tinte of inc:r,,-e of t,l:ytoplankton in the Ria is high enou,h,
not only to maintc,:n inc';rt,endkInee of the interior populations, to,.v-,irds the Atlantic
ones, but also to croate ;t certain ::ninunt of 'hori%",ii:d heterogeneity in the distri-
bution of phti•:n:,t;,nl;ton along the Ria. A small t?unibe:• of data gathered in march-
april 1954 aft'orcl full evidrnce of nn heteroc;inait}• greater than previously suspected
ttables IX. X; 111, with ,^rrdictits up to 77 1;.• per icm. In two instances, patches
of diatc,ms have l:;cn found iu^.,oci:,teil with t`.:e:•mical anomalies (euide: batches of
wrttcr, tab:c ;:?It.
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