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Ecological aspects of plankton production*
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Abstract

The study was carried out in the neritic and estuarine
waters of Porto Novo, Coromandel Coast, Bay of Bengal, India
during the period January, 1960 to December, 1867. The
average displacement volume of plankton usually varied be-
tween 2 and 4 c¢3/m? During summer, with a season of high
plankton productivity, the average plankton displacement
volume rose to 8 ¢®/m®. Generally speaking, the average zoo-
plankton density (standing crop) was usually between 80,000
and 100,000 organisms/m3, of which copepods alone comprised
usually between 70,000 and 0,000 organisms/m3. The average
copepod density per sample varied from 30,000 to 50,000
organisms/m®. However, in the summer months, the copepod
density was usually not less than 100,000 organisms/m?®; n
some years this was even higher (from 125,000 to 170,000
organisms/m?). Copepods comprised between 80 and 95 9% of
the zooplankton population. The maximum non-copepod popu-
lation in the zooplankton seldom reached 30 %, was often be-
low 26 %, and usually less than 20 %. During the period March
to October (in some years as early as February, and in some
years up to November), either an increasing or & steady trend
of plankton production was evident. It would appear that
galinity and rainfall determine the occurrence and distribution
of plankton in Porto Novo.

Introduction

The importance of plankton in the economy of the
sea i8 very well known. A very characteristic and
important aspect of plankton production is its varia-
tion in space and time. The present account deals with
aspects of plankton production and its ecology at
Porto Novo and compares it with those elsewhere.

Material and methods

Plankton was collected systematically from both
nearshore and estuarine waters of Porto Novo,
India. The present account covers mainly the period
from January, 1960 to December, 1967. The plankton
samples were collected mostly from the 10 fathom line
(Station A), the 5 fathom line (Station B) and the
mouth of the Vellar Estuary (Station I). For specific
purposes, collections were also made from the 20 fathom
line and from estuarine stations located upstream.
Oblique, horizontal, and vertical hauls were made,
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particularly at Station I. A calibrated flow-meter was
attached to the net during later studies (however, all
values are computed in terms of cubic metres of water
filtered). Generally, 3 to 5 m® of water were sampled.
The minimum was 2 m3 and the maximum about
40 m3. The plankton net was made of bolting silk
Nos. 10 and 20, depending upon availability of the
cloth. A considerable percentage of copepod-nauplii
loss occurred using No. 10 net. In the case of Acartia
nauplii this loss was about 509%; in other words, the
retention using No. 10 net was 50.50% (based on a
series of six observations). Plankton collections were
made as frequently as possible, ranging from almost
daily collections to collections on alternate days or once
every 3 to 5 days during inclement weather. During
the same cruise, marine and estuarine plankton col-
lections were made, but at times, marine collections
had to be abandoned during very rough sea conditions
or the monsoon season. Every effort was made to
perform as many collections as possible, although this
was, to a large extent, dictated by weather vagaries.
During the summer, daily collections were attempted,
but in winter and rough weather, these were biweekly,
weekly, fortnightly or even monthly at Station 4 and
the other marine stations. In some years, with a very
bad monsoon, the intermission was even more pro-
longed. Pump collections of plankton samples were
also made. Details of method, description of stations
eto., are given in earlier communications (Krism-
NAMURTHY, 1962, 1967a, b).

The plankton volumes were recorded by the dis-
placement method to the nearest 0.10 c?, and expressed
in c®m3 Larger organisms such as Pleurobrachia,
Phyllosoma larvae and juvenile fish, etc., were not
included when estimating the total plankton volume.
The smaller zooplankton organisms were counted in
known amount of aliquots; the errors in counting
amount to less than 10 %, and the accuracy of the num-
bers given in the present study is subject to this range
of error.

Results

In earlier communications (KRISENAMURTHY, 1962,
19674, b) seasonal variation in plankton has been dis-
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cassed. Only the salient features, with a few ecological
highlights, are given here for the extended period of
observations.

Maximum plankton productivity was attained
during the period February/March to October/No-
vember. During the summer months, diatoms and
copepods were the dominant components of the plank-
ton. Quantitative increases in dinoflagellates, although
restricted to periods, could also be noticed in som-
mer. Noctiluca was dominant during certain months
(e.g. August), and showed two or three maxima per
year. The main peak varied over the years, although
it usually occurred during August. The bulk of the zoo-
plankton consisted mainly of copepods (between 80 to
959 during the years of investigation). The other
important zooplankton components were coelenterate
larvae, siphonophores, Medusae, ctenophores, Pili-
dium larvae, Miller'’s larvae, crustacean larvae, Cla-
docera, annelid larvae, chaetognaths, cyphonautes
larvae, Lingula and Actinotrocha larvae, veligers,
pteropods, heteropods, echinoderm larvae, larvae and
adults of prochordates, etc. The differences in the
composition of estuarine and neritic plankton were
not great. They are discussed separately below:

Marine (nerstic) plankton

The mean monthly displacement volume over the
years varied normally between 1.30 to 4.60 ¢*/m?
attaining 8.00 c8/m3 in peak seasons. Marked seasonal
occurrence was noteworthy in the following: Noc-
tiluca, Oscillatoria (T'richodesmium), veligers, ptero-
pods, heteropods, trochophores, larvae of Stomato-
poda, Brachiopoda, (Lingula), Phoronida (Actinotro-
cha), Polychaeta, Echinodermata, Amphioxus, Balano-
glossus (Tornaria); and Cladocera, salps and doliolids.

The Copepoda distribution can be grouped as fol-
lows:

(1) Species which occurred consistently at Station
A: EBucalanus elongatus, Euchaeta marina, Pontella
princeps, Pontellopsis herdmanni, Acartia danae.

(2) Species which occurried consistently at Sta-
tions A and B: Nannocalanus minor, Canthocalanus
pauper, Rhincalanus cornutus, R. nasubus, Undinula
vulgaris, Oithona plumifera, Sapphrina nigromaculata.

The changes in plankton volume generally showed
two peak periods. The first peak lasted for three
months, from March (or February in some years) to
June (or July), and from August to October (or No-
vember). Usually the first peak was more pronounced
(in 1966 it was the second peak). In general, December
and January registered low volumes of plankton.

Copepods varied markedly in species composition
from season to season, with one or more copepod
species being predominant for a short time only. Like
phytoplankton, the dominant copepoed species varied
to some extent over the years.

Mar. Byol.

Estuarine plankton

As already stated, owing to easy accessibility,
collections were more regular, intensive and numer-
ous in this group. The plankton-displacement volume
varied over the years, usually from 0.90 to 4.00 o%/m?,
and with blooms of up to 7.00 ¢/m? and, rarely, even
higher. As at marine Stations 4 and B, the bulk of
the zooplankton consisted mainly of copepods, con-
gtituted by six genera: Acrocalanus, Paracalanus,
Euterpina, Acartia, Pseudodiaptomus and Oithona. The
most common species were: Acrocalanus gracilis,
Paracalanus parvus, Bulerping aculifrons, Acartia
erythraea, A. spinicauda, Pseudodiaptomus aurivills,
P. serricaudatus and Osthona rigida. Although these
species occurred throughout the year, they had speci-
fic periods of dominance. During May to July, cope-
pod abundance closely succeeded or coincided with
diatom bloom. The following species of copepods
seem to be restricted to this station: Acartia chilkaen-
s13, A. kempt, A. southwelli, A. seshaiyai and 4.
sewells. Of these, A. kempit and A. sewelli have been
recorded as brackish-water forms by SEwnLL (1948).
The new species of Acartia recorded here, Acartia
seshatyat (SUBBARAJU, 1968), wounld also appear to be
confined to this station.

The average copepod density was 85,457 organisms/
m?; the average zooplankton density was 92,082
organisms/m? The average zooplankton volume was
2.00 ¢®/m? (these figures relate to 1967).

Seasonal succession

The timing of the primary peaks in diatoms and
copepods varied slightly between neritic and estuarine
stations. The period May to July saw increased phyto-
plankton activity, particularly of diatoms; the sec-
ondary pesk was from September to November.
After November, a declining trend in copepod num-
bers was noted which continued to February. The
summer seagson was also a high zooplankton-production
geason. As in the phytoplankton, the timing and dura-
tion of the zooplankton peak varied from year to year.
Between 1960 to 1963, a sharp decline was evident
during August/September. However, in 1964 and 1965,
the peak copepod activity occurred in September,
dominated by Osthona rigida; while the overall average
per sample was between 31,000 to 50,000 organisms/
m?, in September in these years the values rose to
263,800 and 125,000 organisms/m?, respectively. In-
crease or decrease in copepod numbers often occurred
abruptly (Table 1 shows the peak periods of occur-
rence of common copepods in Indian waters). In
summer months, copepod density was not less than
100,000 organisms/m?, and was often even much higher.
The minimum and maximum figures were about 7,000
(November) and 286,000 (June) organisms/m?, re-
spectively.
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this period. It is interesting, in this connection, to
observe that there is a close correlation between lati-
tudinal distribution and duration of life history. This
has been demonstrated with Acartia erythraea in local
waters (SUBBARAJU, 1967); and regression analysis
reveals this close correlation as summarised in Table 2
(see also Table 4).

Table 2. Duration of developmental time in relation to lalitude
in different species of the genus Acartia

Acartia species Latitude Developmental time
(weeks)
Obsarved  Caloulated

A. clausit 62°00° N 8.00 8.30

A. clausis 50°15' N 6.00 5.40

A. clausis 41°10' N 3.00 3.16

A, tonoa 41°30' N 3.50 3.20

A. tonsa 25°37' N 2.00 1.80

A. erythraea 11°20' N 1.00 0.95

Table 3. Approxsmate percentage of copepods in zooplankion
at various localities

Region Copepods  Authority
(%)
Southampton 42 RaymoNT and CARRIR (1964)
(England)

York River, USA. &4
Indo-Pacific Region 68
Great Barrier Reef 71
Porto Novo, India 91
(1967 data)

JEFFRIBS (10624, b, 1964)
WioESTRAD (1961)

Russuwy and CorMax (1931)
Present study

Mar. Biol.

A number of workers have reported on the density
of zooplankton and copepods in different regions of
the world: DervEY (1948, 1956) and JerrrIEs (1964)
in American waters; Loamaxy (1908), HarvEy et al.
(1935), Marx (1940), Dieey (1953), WiorG (1954),
Haxsan (1960) and RavyMonT and Cagriz (1964) in
European waters, GaNapaTI and Susa Rao (1958),
SuBraAEMANTYAN (1959) and WiorsTEap (1961) in
eastern seas. RUusserL (1931) has compared the zoo-
plankton of the Great Barrier Reef with that of Ply-
mouth, England, but there is difficulty in making
accurate comparisions, gince the methods of collection
and sampling have not been uniform. Nevertheless,
comparison is worthwhile attempting for a relative
assessment of plankton potential of different locali-
ties. The denaity of copepods is shown in Table 3 as
percentage in zooplankton population.

It will be seen from the above table that the pro-
portion of copepods in the zooplankton varies within
wide limits from place to place. At Southampton,
England, the predominant organisms were cirripede
nauplii. In York river (USA) plankton also, cirripede
nauplii were the major components, at times amount-
ing to 50% of the total zooplankton population. In
Raritan Bay (USA) and Narragansett Bay (USA), the
polychaete larvae were dominant. In Porto Novo
(India) waters, the maximum non-copepod population
in the zooplankton was about 309%. It is interesting
to note that the cyclopoid copepod Oithona was not
predominant at Southampton, but was dominant in
Long Island Sound (USA), Kiel Bay (Germany), and
in the present srea under disoussion. During Septem-
ber, in 1964 and 1965, the local copepod population,
as stated already, was comprised of predominantly
Oithona rigida. In these 2 years, the major peak of
copepods shifted to September. The population pro-

Table 4. Number of generations and developmenial period recorded in Acartia fonsa and A. causi at various localities

Authority Locality Acartia tonsa A. clausy
No. of Developmental No. of Developmental
generations  time (weeks) generations time (weeks)
‘WiBoRG (1854) Norway — — 2 8—10
Drrvuy (1948) Tisbury Great Pond (USA) 2 6—17 2 810
Dxaevry (1960) Delaware Bay (USA) —6 4 — —
FporANDER (1955) Narragansett Bay (USA) 3—4 6—8 3 9—10
JarrRIms (19566) Charlestown (USA) 3 6—8 2 10
RayMoxT and Mmrae (1962) Woods Hole (USA) — 3—4 — —
Coxovae (1956) Long Island Sound (USA) 4 3—4 4 8
MagpsHALL (1949) Loch Striven (UK) — — 4 5—6
Diany (1850) Plymouth (UK) — — 4 5—6
JurFRIES (19624, b) Raritan Bay (USA) 8 5—6 3 7—9
WooDMANSHE (1958) Biscayne Bay (Florida) 11 3—1 — -—
Znrrovx and WiLsox (18668) Laboratory oulture — 25 days — —
HevLe (1966) Patuxent river estuary (USA) — 1—2 weeks — —
Present study 12 1—2 weeks — —

Porto Novo (India)

(A. erythraea)
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portion of copepods in local waters varied usually be-
tween 80 and 95 %.

Density of plankton (standing crop)

It would be worthwhile to compare the present
findings with similar observations reported elsewhere.
In some places like Tisbury Great Pond, Long Island
Sound, and Block Island Sound (USA) and Southamp-
ton, samples have been collected with No. 10 nets.
The maximum number of total zooplankton organisms
reported was about 100,000 organisms/m? in Tisbury
Great Pond (DEEvEY, 1948) and over 200,000 organ-
isms/m? in Long Island Sound (DrEvEY, 1956). The
average zooplankton densities were 48,000 and 61,000
organisms/m?® for Block Island Sound and Long
Island Sound, respeotively. The average number of
zooplankton at Southampton was in the order of

PLYMOUTH  PORTO NOYVO KIEL BAY
23,050 92,082 142,845

Fig. 3. Zooplankton standing-crop. Numbers at various loca-
tions per m?

18,000 to 32,000 organisms/m® At Porto Novo, the
average copepod numbers alone were about 42,000
organisms/m?®, and thus formed more than the average
zooplankton densities at Southampton.

In Plymouth waters, HARVEY et al. (1935), MARE
(1940) and Drasy (1950) recorded zooplankton abun-
dance using No. 25 silk nets. The maximum zooplank-
ton density record at Plymouth was 55,000 organ-
isms/m?, with an average density of 30,000 organ-
isms/m®; at Porto Novo, the average zooplankton
density for 1967 was 92,082 organisms/m?® (copepods
alone amount to 85,457 organisms/m?), which was about
three fold that of Plymouth plankton (Fig. 3 shows a
relative assessment of the standing crop of zooplank-
ton). In Kiel Bay, the average density of zooplankton
was 142,846 organisms/m?; this figure includes cope-
pod eggs also. The zooplankton numbers of Porto
Novo are exclusive of copepod eggs. In Indian waters,
(GawAPATI and SuBBA Rao (1958) reported average
zooplankton densities of 138,333 organisms/m® with
finer nets (No. 30 net). The present (Porto Novo)
figures were slightly less, but this could be due to
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differences in the nets used. On the west coast of India
(Calicut), SUBRAERMANYAN (1959) recorded average
zooplankton density about thirty times higher than
that recorded in Kiel Bay by LomMawx (1908).

Comparison of plankton volumes

Fig. 4 shows the relative plankton-displacement
volume at various locations. As already stated, com-
parison between different areas is rather difficult,
since the collection methods employed vary. How-
ever, the present findings are generally comparable
with observations of BiarLow (1926), Bigerow and
Sears (1939), Rmry (1939, 1947) and his group
(Roey and Bumrus, 1946; RLmy et al., 1949), and
with similar studies carried out in Long Island Sound,
Block Island Sound and Tisbury Great Pond. Over
the Continental Shelf and from Cape Cod to Chesa-

BLOCK ISLAND LONG ISLAND PORTO NQVO
SOUND SQUND
0.60¢¥m3 090c3/m3 2.10c3/m3

Fig. 4. Plankton displacement volume (¢8/m3) at various loca-
tions

peake Bay, BieELow and SEARs (1939) recorded zoo-
plankton volumes between 0.40 to 0.80 ¢3/m3; the
zooplankton of Georges Bank yielded a minimum of
0.72 ¢3/m?; the mean zooplankton volume of Block
Island Sound was 0.68 ¢3/m? and the mean plankton
volume for Long Island Sound was slightly higher at
0.95 c¢®/m® A maximum of 2.50 ¢c8/m3 has been re-
corded by Barrow (1955) in Tisbury Great Pond. The
average zooplankton volume of Porto Novo compares
favourably with Block Island Sound, Long Island
Sound and Tisbury Great Pond.

The zooplankton at Porto Novo showed marked
seasonal fluctuations, the magnitude of peak periods
being similar to those in temperate climes. WicksTEAD
{1961) observed that the plankton of tropical waters
{Indo-Pacifio region) simulated the spring bloom, and
explained the similarity on the basis of monsoon
seasons. As Porto Novo lies in the monsoon belt, this
explanation holds good for local waters also. The
zooplankton densities and plankton volumes, in gen-
eral, were low in the first and last quarters of the
year. The low zooplankton and copepod numbers
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coincided with low salinity from October/November
to February/March. Generally speaking, numerical
abundance corresponded to high-salinity values be-
tween April and September.The oceurrence and duration
of the high and low zooplankton and copepod seasons
varied slightly from the norm prescribed above from
year to year.

For the local waters, salinity records are available
for several years. Salinity values at Station I usually
varied between 20 and 80%, from October to March.
The monsoon is in full swing during October to De-
cember. During this period, the estuary is flooded and
salinity approaches even that of fresh water for some
days, depending upon the continuity and intensity
of the rains both here and further inland in the area
of the Vellar river. The salinity of the coastal waters
also falls congsiderably during this period. On the other
hand, from April to September, the salinity range was
rather limited between 28 and 35 %, (this range varied to
some extent from year to year, the range of variation
was even much less for some years) and remained
rather steady. It would appear that local rainfall and
salinity govern the plankton cycle. At Calicut (India),
JA00B and MaNoN (1947) observed swarms of copepods
from October to March; copepod occurrence was low
from April to September, with minimum numbers
during May and June. The maximura rainfall and
minimum salinity coincided with minimum copepod
numbers during May and June at Calicut also. At
Porto Novo, apart from the primary peaks of phyto-
plankton and copepoda, several short-term peaks of
pbytoplankton and copepoda also occurred from
February/March to November every year. The fishing
activity in local waters, especially of clupeids and pe-
lagic fishes, in general, was more intensive during this
period, and the total yield of fish catches was greatest
when oopepods were most abundant.

Summary

1. BEcological aspects of plankton production have
been studied in nearshore and estuarine waters of
Porto Novo, India from 1960 to 1967. The results
obtained are compared in the light of similar observa-
tions recorded elsewhere.

2. The mean monthly plankton displacement vol-
ume was between 2 and 3 o?/m?; it rose to as much as
8 ¢3/m? during summer in some years.

3. During the years of investigation, the period of
maximum plankton productivity was from February/
March to October/November.

4. Apart from the primary peaks of phytoplankton
and copepod productivity, several secondary short-
term peaks of phytoplankton and of copepeds also
occurred during the period of major productivity.

5. Average zooplankton density was about 92,000
organisms/m?; numbers of copepods alone amounted
to about 85,000 organisms/m?® (1967 data). Average

Mar. Biol.

percentage of copepods varied within wide limits of
80 to 95%. The maximum mnon-copepod population
in the zooplankton seldom reached 30%, was often
below 259, and usually less than 209%.

6. In the summer months, copepod density was
not less than 100,000 organisms/m?, being often much
higher (between 120,000 to 180,000 organisms/m3);
the maximum amounted to about 286,000 organisms/
m3, On the other hand, average copepod numbers per
sample, for the rest of the year, varied from 30,000
to 50,000 organisms/m3.

7. The occurrence, distribution and components of
the copepod population varied over the years, with one
or more species being predominant for any one period.
In some years, the primary copepod peak, composed
mainly of the cyclopoid copepod Osthona rigida,
occurred during September. The primary peak of
copepods usually oceurred about June/July.

8. Increases or decreases in copepod numbers often
ocourred very abruptly.

9. It would appear that salinity and rainfall con-
trol, to a large extent, the occurrence and distribu-
tion of Porto Novo plankton.
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