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1. 

INTRODUCTION 

Despite the tremendous amount of work that has been publ~shed 

on productivity and planktort studies ,in'the'North:Atlantic'and Arctic 

oceans, investigations in the tropics have been almost entirely 

restricted to material obtained by research vessels du!ing transects 

and short cruis~s, and previous to 1949, there was no long-term 

undertaking to observe seasonal changes at any one place. The 

deductions possible from comparison, of results from stations spread 

over wide geographical areas and cruises in different seasons and 

years, yield a 1imited picture with large gaps. The problem is 

rendered even more acute because of the heterogeneity of methods used 

in these investigations. These facts point up the need for more 

extensive detai1ed samp1ing, and the employment of methods that at' 

1east contain sorne common factor by which comparisons can be easily 

effected. These are sorne of the ideas presented by Riley et al 

(1949) in the preface to a treatise on the quantitative ecology of 

the p1ankton of the Western North Atlantic. Their work was an 

attempt to fill in sorne of the gaps, co-ordinate and expand knowledge 

of the conditions affecting production in the tropical and subtropical 

North Atlantic. 

The limited literature then availab1e included the r~ports on 

i, exploration of fauna of the Gulf Stream by Agassiz (1833), the 

pioneer studies of plankton and hydrography conducted by Bigelow 

o 
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(19l5, 1917 et sec) in the Gulf of Maine and waters adjacent to the 

northeast coast of the United States; reports on the investigation 

of the Great Barrier Reef by Farran (1936), Orr (1933), Russell and 

Colman (1934); studies on the p1ankton of the Sargasso Sea by Coe 

(1936) and Riley (1939); the increasing richness of offshore-inshore 

p1ankton in the Atlantic by Clarke (1940) and observations on the 

seasona1 distribution of the p1ankton of the Trivandrum by Menon (1945). 

Since then information on tropical hydrographica1 conditions and 

p1ankton abundance and interre1ationships have been steadi1y increasing 

both in detai1 and extent. Yet muc~ of the·investigation·is still 

centered around the subtropical and near-temperate oceanic regions on 

the American side of the Atlantic. Moore (1949), Sutc1iffe (1960), 

Hu1burt et al (19'60), Menze1 and Ryther (1960a, 1960b, 1961), Grice and 

Hart (1962), Deevey (1964), have concentrated efforts on determining, 

nutrient chemistry, primary production, zoop1ankton composition and, 

cycles in the Sargasso Sea., Lewis (1954), Bsharah (1957), Woodmansee 

(1958), Owre (1960), Owre and Foyo (1964a) have worked on the 

zoop1ankton of the F10rida current and sorne F10rida keys. In other 

areas King and Demond (1953) made studies of the zoop1ankton abundance 

of the central Pacific; Hart (1953) on the p1ankton of the Benguela 

current; Kohn and Helfrich (1957) on primaryorganic productivity of a 

Hawaiian coral reef; Ha1se (1959) on quantitative aspects of phytop1ankton 

from the equatoria1 Pacific; Bj'ornberg (1963) on the free living copepods 

off Brazil and Owre and Foyo(1964b) on a collection of copepods from 

the Caribbean Sea. 

It is generally maintained that production·" in tropical seas is 

re1ative1y low and characterised by a more even seasona1 distribution 

. \. -----_._---_.---- .-
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than in higher latitudes, but there are doubts about the total annual 

size of the production. To quote from Hesse, Allee and Schmidt (1951), 

"Whether the entire years production of the polar seas is greater than 

that of the tropics cannot yet be stated with certainty. Hansen is 

inclined to believe that it is but his evidence is inconc1usive". 

Rayrnont (1963) believes that production in the tropics considered on 

a yearly basis may be considerably greater than it would appear at 

first sight, since the nutrients are more rapidly regenerated at the 

higher temperatures of tropical regions and thus pass through several 

cycles during the course of a year. He also states that the factors 

responsib1e for the fluctuations in total p1ankton and for the 

seasonal breeding of plankton species in tropical waters are difficult 

to elucidate. 

These large areas of doubt and speculation need to be resolved. 

But knowledge of biological production in the Caribbean seas is even 

more seriously limited. There are very few and scattered direct 

determinations of productivity in this area (Steven, Beers, Lewis, 

)965); (Steeman Nielson, 1957). On the other hand there is a fairly 

considerable amount of information on the hydrography and nutrieni: 

chemistry of the western tropical North Atlantic and Caribbean sea 

resulting from the investigations of Jacobson (1929), Iselin (1936), 

Bohnecke (1936), Rakestraw and Smith (1937), parr (1938), Seiwell 

(1938), van Andel and Postma (1954), Barnes (1957), Richards (1958 

and 1960), Fuglister (1960), Gade (1961) and Lewis, Bruridritt and 

Fish (1962). These workers have done much to elucidate the physical 

() . oceanographie characteristics of these areas, including water movements 

and origins as ~ell as certain aspects of their chernistry. This sort 

" 
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of information provides a very good background and referehce source 

fçr a project aimed at determining quantitative transformation of 

energy and matter in these areas. 

A study of primary productivity in the Caribbean Sea off Jamaica 

was carried out by Steven between March1962 and March 1964. Resu1t::; 

of this study are ~ontained in a report to the Biology" Branch of ONR 

(1965). In conjunction ,,,ith the measurements made for the primary 

productivity determination, surface zoop1ankton tows were made at 

each station in order to study the re1ation~hip between phytop1ankton 

and zoop1ankton 1eve1s. This joint effort represents the first 

attempt at getting a comprehensive picture of production at the 

various trophic 1eve1s in this area. 

When work was started on the zoop1ankton studies in September 

1963 approximate1y one half of the"month1y collections had a1ready 

been made. The collections are unique, in that they represent a 

seri al set of samp1es taken from specifie areas over a two year. 

period during which other data re1ating to productivity were"à1so 

being determined. This situation presents opportunities for 

extracting information dea1ing with long term variations in production 

at each locality and in particu1ar lion the importance of seasona1 

c1imatic variables which might be expected to affect both the low and 

high productivity waters in a simi1ar manner" (Steven, 1965). This 

thesis is therefore 1arge1y a descriptive discour~e on the resu1ts of 

physica1 measurements and observations made on these collections with 

the fo11owing aims in view : 

o 
f 

1 

a) to determine the composition of the epizooplankton in 

the areas chosen for study. 

.. , 
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() b) to deterrnine the extent, if any, of seasonal clirnatic 

variations on the zooplankton. 

c) to elucidate sorne of the factors responsible for the 

fluctuations in total plankton and the breeding cycles 

of sorne of the plankton species in these tropical 

waters. 

d) to establish, if possible, relationships between 

prirnary and secondary production. 

'" 



6. 

HARBOUR 3 • 
lOg! 
../ '-

,,/ 

// 

/ 
I)(~ / 
~ "'À / 

(~ 
l~",Î ri < .... ;l .... 

N (1) ') 1. Ic!-? J 

t 
" ,. ./i, r'.' , 

1 ~., 1 v"" ./ .... _.1 
~ _1 

1 ri 1 ,1'" 
h .. """,,J 1 c..." 

1 1 
0 2 3 4 1 • ) 

nautical miles f 

Fig. 1. Map of Kingston harbour and Caribbean sea showing 
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7. 

Description of stations. 

The stations se1ected for study are shown in Fig. 1. Kingston 

harbour is situated on the south coast of Jamaica. Its north shore 

is dominated by the city of Kingston with its attendant docks and 

industria1 plants. East and west it is bounded by the main1and 

mass and on the south it is separated from the open sea by a narrow 

strip of land se1dom more than a tenth of a mile across, except at 

Pa1isadoes airport. This configuration constitutes an extensive 

natura1 harbour 10 miles long and about 1.75 miles wide a10ng most 

of its 1ength. The harbour mouth lies at the south western corner 

and though this is about 2 miles wide at the surface, the is1and 

she1f extending,inwards 1eaves on1y a narrow ship channel one-eighth 

of a mile across and drawing no more than 20-25 m of water, but this 

widens out in the eastern harbour basin to a re1ative1y uniform 

depth (30-40m) across most of its width. In the north eastern 

corner there is a shallow arm of the harbour, Hunts Bay, ro~gh1,Y 2.25 

miles long and 2 miles wide. Into this basin, the two rivers - Rio 

Cobre and Ferry - discharge themse1ves. 

The is1and she1f slopes off very gent1y, and in the region of 

the coral reefs and cays is 30-35 m be10w the surface. At thE'! 60 m 

contour this in.cline terminates at a sheer underwater cliff about 

300-400 m deep. From the base of this cliff the ocean f100r fa11s 

away more gradua11y (Fig. 2). 

Station 1J is situated about 3 miles seaward from this cliff at 

latitude 170 51.7' N and longitude 760 42.9' W, bearing 6 nautica1 

miles SSE of station 3J. Depth of water here is approximate1y 

900 m. 

... , 
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Station 4J is situated at latitude 170 55.5' N and longitude 760 49.7' 

W in about 35 m of water in the region of the coral reefs and cays .. 

Station 2J situated just inside the mouth of the harbour at latitude 

170 56.4' N and longitude 760 50.5'W, is supported by a water co1umn 

15-18 m and is the only area where extensive surface inter change 

occurs between the harbour waters and the open sea. 

Station 3J is situated at latitude 170 57.3' N and longitude 760 45.5' 

W in the eastern basin of the harbour midway between Pa1isadoes road 

and the main1and. Depth here is approximate1y 20 m. 

Temperature : The ranges of temperature of the surface waters in 

the severa1 areas of study are smal1 in comparison with conditions 

encountered in coasta1 and offshore waters in higher latitudes. 

Generally the differences between high and low temperatures during 

two years of observations did not exceed 4°C and this represents 

the extent of seasona1 difference between "midsununer" and "mid~vinter". 

Temperature differences from station to station were also slight as 

shown by the figures given be10w. 

TABLE 1. 

Station 

1J 

4J 

2J 

3J 

Annual variations in temperature and sa1inity atthe four 

stations. 

Temperature Oc Salinitl %. 

26.30 - 29.80 35.22 - 36.22 

27.20 - 30.60 34.56 - 36.25 

27.20 31.50 34.40 - 36.20 

27.10 - 30.60 *34.20 - 36.40 

* See next page, 1ine 20 . 
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10. 

Salinity : As with temperature, variations in salinity from station 

to station were very small, as reference to the table above will show. 

Of the four stations lJ maintained the most constant conditions while 

3J showed the widest range (2.201~. 

Rainfall : The annual average rainfall at Palisadoes Airport (based 

on data collected from 1942-1957) is 780 mm. and the bulk of this 

is distributed between the two principal rainy seasons in April to 

May and September to October; but considerable variations may occur 

from year to year. Outside of the rainy seasons the flow of the 

rivers is limited and does not normally reduce the salinity of the 

harbour below 34%.,and even though there is considerable overflooding 

during the rainy seasons., salinity determinations throughout the 

harbour and observations from high ground of the turbid waters 

(Goodbody, 1961) both indicate that the flood waters usually flow 

along the western side of the harbour out to sea.and do not circulate 

around the harbour to any great extent. Salinity in the eastern end 

of the harbour is only seriously affected when heavy rainfall is 

concentrated over a few days as for example,during the hurricane Flora 

rains of October 1963 when salinity at the 3J stations was reduced to 

*30.00%.for a few days. 

Tidal changes are diurnal and normally show a difference of no more 

than 15 cm. The greatest difference in height at the spring solstice 

is 30 cm (12 inches). 

Water exchange : Water exchange between the open sea and the eastern 

end of the harbour is extremely limited. It is believed that there 

must be a bottom current travelling west to east along the ship channel 
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and upwe11ing somewhat east of 3J to replace surface water that is 

b10wn across the harbour by the prevai1ing easter1y wind and which 

finds its way out of the harbour in a counter c10ckwise direction .. 

It was assumed that at this station, as we11 as at stations 2 and 4J, 

because of sha110wness and 1ack of thermal stratification, the water 

was mixed from top to bottom and a samp1e from 5 metres characterised 

the who1e water co1umn. At 1J, however, there is, apparent1y, 

permanent thermal stratification. A sha110w thermoc1ine between 

100-200 m and a temperature difference of 3-60 (Steven, 1965), 

prevented vertical mixing with the re1ative1y nutrient-rich deeper 

waters. 

Transparency : At 1J the water was a1ways tropical-sky b1ue in co10ur, 

at 4J blue-green, but at 2J visibi1ity varied considerab1y. Sometimes 

the water was of a dirty green colour with 10w visibi1ity whi1e at 

other times, presumably because of the influx of open sea water, 

visibi1ity extended to the bottom. At 3J the water was genera11y 

turbid and greenish in co10ur. From Secchi-dise readings recorded 

by Steven and given in Table 2 it can be seen that 2J had the lowest 

mean visibi1ity and 3J the second 10west whi1e the upper 1ens of the 

water increased in depth with distance from the harbour. At 1J the 

mean depth of transparency was approximately four times as great as 

the mean depth iri the harbour. The conditions at 1J were considered 

representative of oceanic Caribbean water in the area. On the basis 

of the above written description, the stations were classified as 

follows : 1J - offshore or oceanic 

4J - is1and shelf 

'-" 
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TABLE 2. 

Secchi-dise readings arranged to show variations in 

visibi1ity and mean extinction coefficient 'KI. 

Station 1J 4J 2J 3J 

20.50 m 7.00 m 3.50 m 4.50 m 

22.00 9.00 3.50 4.50 

22.50 11.00 4.50 4.50 

23.00 12.30 4.50 6.00 

27.00 13.00 5.00 6.50 

28.00 13.50 5.75 6.75 

28.50 19.50 6.75 7.25 

29.50 22.00 7.00 7.50 

31.75 23.00 7.50 8.00 

39.50 23.50 9.00 8.00 

40.00 24.00 9.00 9.00 

10.50 

12.50 

14.50 

Mean 28.38 t 1.87 16.16 t 1. 79 6.00 ± .57 7.80 ± .75 

Mean 'K' .05 .10 .28 .21 

." ----~---
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MATERIALS AND METHODS 

Collection of samples. 

The materials used in this study are aIl surface samp1es 

coUected between 0-5 m. The tows were made with a .5 m diameter 

no. 8 p1ankton net with a mesh aperture 0.203 mnl (86 meshes/inch). 

Station 1J was occupied on 26 occasions between March 2, 1962 and 

March 18, 1964.· Stations 2, 3 and 4Jwere occupied on 26 

occasions between Ju1y 19, 1962 and July 29, 1964. (The stations 

were numbered in order of first occupation and do not re~resent'a 

seriaI order on the map). Samp1es from 2, 3 and 4J ~ ... ere ah.,ays 

collected the same day bet~'leen 9-12 a.m. Owing to distance, IJ 

colleCtions yIere made on another day at about 10:30 a.m. The 

tows ·at 1J and at 4J, except on three occasions,were a1ways of 15 

minutes duration. At 2J and 3J, ho~o]ever, the nets were often 

c10gged with phytoplankton after only 5 minutes towing, hence the 

tows were of shorter duration than 15 minutes. From the 3rd 

" 
, 

February onwards aU tows were mètered with a G.M. F10w-meter 

mounted in the mouth of the net. 

In order to understand more fu11y the value of the no. 8 net 

day surface p1ankton the fo110wing additions were made : 

a) . Duplicate sarnples were taken and used to test the 

replicability of the sampling. 

b) * On several occasions tows were made ~O]i th a no. 97 net in 

arder to compute the abundance of sma11er forms and younger stages 

* = 97 meshes/inch. 

"" . .. _--' 
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that might escape the larger mesh. This provided a good reference 

to the relative abundance of large and smaller forms. 

c) Some night collections were made. These served to 

de termine the question of the extent to which the day surface plankton 

was representatlive of total plankton both quantitatively and 

qualitatively. 

d) To supplement observations made on preserved material, 

special collections were made and examined live. Drawings from 

these helped greatly in the identification of sorne specimens, 

especially of the siphonophores. 

Preservation. 

The samples, usually ef about 1 litre volume but sometimes of 

2-3 litres, were fixed with neutralised formalin immediately after 

collection. Enough' formaI in was used to bring the liquid to a 5% 

strength, and this was allowed to stand for at least 24 hours. 

Investigations. 

AIl the samples were used first for volume determinations, and 

from each whole sample small aliquots were taken for counting and 

identification. Dry weight measurements were done on larger aliquots 

and the remaining portions of the sample kept for re-determinations 

where necessary, and as a general reference stock. All quantitative 

measurements were reduced to average values per unit volume of seawater 

filtered. 

Volumetrie determinations. 

Supernatant fluid from the sample was drained off by suction. 

In order to minimise errors caused by retention of water be~ween the 

" 
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animaIs, suction was maintained long after the last bubble appeared. 

The volume of plankton was estimated by the 'Yentsch and Hebard\1 

method, using a G.M. no. 024WA130 plankton volume gauge which had 

been calibrated previously. Determinations were done on whole 

samples from lJ and 4J but at 2J and 3J they were usually done on 

duplicate aliquot subsamples since these volumes were generally too 

large to be treated as a whole. The samples were then stored in 

bottles with known volumes of 2% neutralised formalin. Samples from 

2J and 3J often contained a high percentage of phytoplankton and 

debris and large numbers of medusae. The medusae were first removed 

by straining through a coarse sieve and their volume was determined 

separately. Separation of zooplankton from phytoplankton was 

() achieved by washing under slight pressure through two thicknesses of 

no. 8 silk net in a Buchner funnel. The diameter of the silk circles 

was made approximately 111 greater than that of the funnel in order to 

1 avoid over-flushing, and the filtrate from these washings was checked 

periodically to ensure against loss of zooplankton through the meshes. 

Table 3 shows the displacement volumes obtained at the various 

stages of the procedure and also indicates the high perr.entage 

contribution of medusae and phytoplankton. The corrected or final 

volumes, however, still represent in sorne instances, zooplankton 

plus detritus for which no successful means of separation was achieved. 

Johannes Krey (1960) has suggested several ways of estirnating detritus, 

but very often zooplankton and detritus were so closely bound up in 

lumps as to defy aIl practicable means of separation. The method 

o of running sample tests on various species, and estimating total 

1 
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TABLE 3. 

Volumes obtained at various stages of separation. 

Station Date Crude Vol. Medusae Phytop1ankton Zoop1ankton 

3J 19/7 /62 429.40 cc 70.00 cc 163.40 cc 196.00 cc 

3J 28/3/63 562.64 6.20 158.44 398.00 

3J 24/4/63 295.78 70.20 46.88 178.70 

3J 1/8/63 89.21 54.51 34.70 

3J 23/8/63 95.91 42.41 53.50 

3J 23/3/64 36.77 12.17 24.60 

() 3J 28/5/64 255.64 15.00 74.14 165.50 

2J 3/12/62 31.40 6.20 9.00 16.20 

2J 3/1/63 11.30 5.10 6.20 

2J 3/2/63 54.00 21.40 33.60 

2J 19/6/63 38.04 26.02 12.02 

"' 
~ 2J 19/9/63 133.44 107.00 26.44 ., 

te 2J 22/10/63 28.50 20.00 8.50 .. 
r-
Ë r 
" [ 
!t, 
î, 
~ 
~' 
(. 
<t 
~ 

t: 
~: 
t 
l. 

f 0 
"01 

1 
~ 

J 1 
i ----- .. -~,,----"'-'-

111" 
.,-J 



Cl 

o 

17. 

volumetrie contribution of all species (Grice and "Hart,' 1962)., wa:snot 

feasib1e because of the extremely sma1l size of most of thecopepods 

which were the chief constituent of the plankton, and b'ecause of 

the relative scarcity of1arger species of crustaceans; the errors 

involved in using such small samples would be tremendous. The 

method is more applicable to weight dètermination (provided a 

sufficient1y sensitive balance is obta~nable). The final volumes 

are shown in Fig, 3. Values for dat~s b~fore February 1963 were 

extrapolated on basis of average/min. readings for metered tows. 

Dry weights. 

The whole sample was quantitatively transferred to a measuring 

cylinder from which, after thorough shaking and stirring, duplicate 

aliquot portions were poured into previous1y weig~ed sintered-glass 

crucibles. These portions were drained by suction, ~"ashed and then 

heated in an oven at 600 e for at least one hour, cooled and weighed. 

The heating, cooliug and weighing were·repeated until constantweight 

was obtained. Weights in grams were read off to the fourth decimal; 

agreement bet,,,een duplicate subsamples was generally good to the 

third decimal. Discrepancies could usually be traced to clumps of 

particulate matter. The results of these determinations are 

reported in Fig. 4. A summary of aIl gross quantitative measurements 

is included in Tables 4 to 7 in the appendix. 
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directly measured values, horizontal stripes extrapolated values . 
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IIIIJJIIOIOJ IIIIJJ 
1963 1964 

Fig. 3. Estimated monthly volumes - ml/100m3. Solid columns represent 

directly measured values, horizontal stripes extrapolated values. 
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DRY WEIGHTS 

2J 
max. 247.20 

IIYQ. 74.70~ 
!Tin. 4.70 

max. 1220 

1 J avg. ;uo /m3 

..... .76 

FlalJJallllJFlllJI 
1903 1ge4 

IIFlall1 al IRII FlalJJ 
lGG3 ,ie4 

1 ail Jal 1 1 1 J F. 1 ailla 1 1 1 1 1 F 1 
1802 lae3 . 1ge4 

Fig. 4. Estimated dt y weight - mg/1003 . Cross hatching represents 

dire~t1y measured values, horizontal stripes extrapo1ated values. 

-

1 



·--~ ~ 

~ 

s -, 

f • 1 • , , 1 1.' •• , f • 1 • , , 
1083 .. 

4J' =- 83J~ 

1J 

mn. .II!!. 

mu. 12.20. 

INgo !30 fo,3 
...... 78 

• , , 1 1 1 1 l , F. • 1 • , , 1 1 
1083 

1 l , F • ... 
~ig. 4. Estimated dry weight - mg/l003 • Cross hatching represents 

directly measured values,. horizontal stripes extrapolated values. 

_._._.--~ .. _-~.- --_ .. _-~~~-~. __ .. -........ -~ .... 

./'., 

1 
'1 



.. ... ... ... 

'." .-.Y'·:" 

w ... 

, 
( 
\ 
! 

, 
1 

1 

! 
j 

1 , 

1 
1 

! 
\ 
1 

., 
'l, 



20. 

Identification and counting. 

The equipment used in sorting and counting consisted of a Zeiss 

binocular microscope, an adjustable pipette, a specially prepared petri-

dish and a Zeiss plankton microscope. 

No simple standard treatment was satisfactory for aIl samples 

because of differences in the nature of the material, so sorne groups 

had to be accorded special treatment as follows : 

i. Large medusae were separated and counted. 

ii Pteropods too large and heavy to be sampled by the pipette 

method were counted separately. 

iii Rare species ocaurring in only small numbers were counted in 

larger samples than common ones. 

·c iv. . Species that were abundant but of small individuai size were 

counted with an UntermHhl plankton microscope. 

For all samples the general procedure was as follows : Whole samples 

were examined and a preliminary sorting into major groups such as 

copepods, cladocerans, etc. was made. These groups were further 

broken down into species. The identifications were Iater checked 

and in doubtful cases confirmed by specialists. 

Counting. 

The entire sample was brought to known volume, mixed and stirred 

with the tip of a pipette which was adjusted to remove exactly 0.5 cc 

material. This subsample was quickly transferred to a petri-dish; 

the petri-dish was marked off in units of area 1/2 cm2 and numbered in 

seriaI order. The amount of liquid in the 0.5 cm sample was usually 

just enough to spread over the area and keep the animals moist but 
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-CI 
prevent any undue mixing or shifting. Because of the large number of 

organisms usua11y occurring in a samp1e, the distribution of total 

zoop1ankton was assumed to be approximate1y normal. Counting was done 

on on1y one species at a time and the total number of each species 

present in each subsamp1e was recorded on a specia11y prepared table. 

A few groups occurring in v~ry large numbers, for examp1e the 

copepod Farranu1a graci1is Geisbrecht and fish eggs, were separated 

and 1ater counted with a Zeiss Unterm~h1 p1ankton microscope. 

At 1east two subsamp1es were counted, and where the total number 

of anima1s counted was 1ess than a thousand, additiona1 a1iquots were 

counted unti1 this number was exceeded. 

Larger samp1es of 2 cc or more were scanned for the presence of 

rarer species. Often too, sorne species counts were very low - one or 

two anima1s per .5 cc and in the se cases 1arger samp1es were used 

to check on the abundance of the species throughout the samp1e. 

Pteropods were usual1y too large for the tip of the pipette used 

in subsamp1ing and, owing to the high density of their she11s, they sank 

too quick1y for a sufficient1y representative portion of the population 

to be taken in a samp1e. Total counts of pteropods were done 

therefore on who1e samp1es. Tables 8 to 11 (in appendix) show the 

species occurring at each station and the estimated density 1m3 for 

each species; and the month1y fluctuations in total p1ankton numbers at 

a11 four stations are shown in Fig. 5. 
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Fig. 5. Monthly fluctuations in total zooplankton numbers at the 

4 stations. 
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( Statistical validity of counts. 

The reliability of the counting.technique was checked by the 

fo11owing method. Five replicate counts of 0.5 cc each ,vere made 

on one sample from each station. The counts were done at different 

times and without reference to earlier counts. Eight groups of 

plankters were selected for the detailed statistical testing. As 

far as was possible aIl the sets had the sume groups of animaIs and 

each set had animaIs ranging from very low population density to 

very abundant. For each of these groups the meaa, sn, SE, % SE 

and fiducial limits were calculated at· a significance level of 5%. 

Where actual counts exce~ded the theoretical limits obtained, the 

probability of such. counts occurring by chance wasalso determined. 

Of the 160 counts, 9 turned out to be belo,v or bordering the 

significance level chosen, but did not exceed the 10% level. The 

data are shmvl1 in Tables 12 to 15. 

High .::ounts were always associated with the presence of debri.s 

on which many setose organisms were caught. On the other hand the 

presence of a few siphonophores or sma11 medusae, by taking up a 

greater volume,could makc an appreciable difference in the number of 

copepods in a 0.5 cc volume. By way of increasing the discriminatory 

power of the test at the given significance, and as a counter check on 

the values obtained on the basis of the 0.5 cc level, determinations 

were done on larger volumes, e.g. 1-2 cc. In every case the 

comparisons ,vere very good; fot' example, for sample 4/5/62 the 

fo11o\o1ing figures were obtained 



1. 
t , 
t 
i 

! 
1 

24. 

1 cc volume count 2 cc volume count 

Undinula vulgaris 400 790 

Farranula gracilis 608 1225 

For species like the large coelenterates and pteropods on which total 

counts were done, there is obviously a smaller margin of error. The 

discrepancies in counts are therefore due mainly to uneven distribution 

of animaIs, which could not be eliminated entirely. From the other 

parameters calculated however, it can be seen that the means obtained 

are valid, being in every instance equal to more than 3 x SD (Stanley 

(38) 1963) or more than the variance, and that % SE became 

progressively smaller with the increase in the numbers of a species 

counted. It is claimed therefore, that although randomness of 

distribution could not be assured, the sampling and counting methods 

were sufficiently consistent and unbiassed to warrant confidence in 

the resultant approximate totals. 
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( Ca1eu1ated statisties for determining the va1idity of the eounting 

method. Five samp1es of .5ee volume were used for eaeh test. 

TABLE 12. Samp1e of 12/10/62 from Station 1J. 

Se1eeted anima1s Mean Fiducia1 limits SD SE % SE 

Copepod A35 661.0 678.25 643.74 13.0 6.71 0.87 

Copepod A2 120.0 133.87 102.12 11.6 5.398 4.32 

Copepod Al 109.6 119.76 99.44 8.4 3.95 3.48 

Fish eggs 106.5 116.42 96.57 8.5 3.86 3.52 
, , 

Sagitta 40.0 47.19 32.80 6.7 2.79 6.82 

G. bu110ides 11.2 13.72 8.66 2.1 .98 8.53 

Copepod A8 27.0 33.82 20.17 5.7 2.65 9.44 

(~ 
Veligers 68.2 78.07 58.33 8.2 3.84 5.39 

TABLE 13. Samp1e of 115/64 from Station 2J. 

Se1eeted anima1s Mean Fiducia1 limits SD SE % SE 

Larvaeea 166.2 171. 22 160.2 4.7 1.9 1.2 

Copepod A31 77 .4 81.7 72.1 4.0 1.6 2.2 

Copepod A35 51.4 57.9 44.8 6.1 2.5 4.9 

Fish eggs 46.8 52.2 48.4 5.1 2.1 4.48 

Sagitta 29.0 32.1 25.9 2.9 1.2 4.2 

Nauplii 25.4 29.13 21.66 3.50 1.4 5.7 

Copepod A8 23.2 25.4 20.9 2.1 .9 3.7 

Cr 
Veligers 22.0 25.1 18.9 2.9 1.2 5.4 

--------------
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() Ca1cu1ated statistics for determining the va1idity of the co~nting 

method. Five subsamp1es of .5cc volume were used for each test. 

TABLE 14. Samp1e of 24/4/64 from Station 4J. 

Se1ected animaIs Mean Fiducia1 limits sn SE % SE 

Larvacea 457.2 475.0 439.3 16.7 6.93 1.5 

Copepod A35 292.0 302.2 281.7 9.6 3.9 1. lI-

Copepod A34 251.4 259.2 243.6 7.3 3.0 1.2 

Lucifer 98.8 103.6 93.9 4.5 1.9 1.9 

Copepod A8 39.0 43.8 34.2 4.5 1.9 4.8 

Copepod A26 24.2 27.8 . 20.5 3.4 1.4 5.8 

Sagitta 21.0 24.1 17.9 2.9 1.2 5.7 

() Fish eggs 7.4 9.0 5.8 1.5 .6 8.4 

= 

TABLE 15. Samp1e of 24/4/64 from Station 4J 

Se1ected animaIs Mean Fiducia1 limits sn SE % SE 

Veligers 46.2 50.9 41.6 4.43 1.8 3.9 

G. bulloides 29.0 30.7 27.3 1.6 .7 2.2 

Larvacea 23.0 26.8 19.2 3.53 1.5 6.3 

Naup1ii 19.2 22.1 16.3 3.0 1.2 6.5 

Copepod A8 15.4 16.6 14.2 1.1 .5 3.0 

Copepod A35 14.6 17.3 11.9 2.5 1.0 7.1 

Fish eggs 13.2 15.1 11.3 1.8 .7 5.6 

0 
Sagitta 11. 2 12.8 9.6 1.5 .6 2.2 
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c) ANALYSIS OF RESULTS 

1. Zoop1ankton compostion and spatial distribution. 

The species 1ist of identified zoop1ankters for a11 areas of 

study is represented in Tables 8 to 11 in the appendix. This may be 

considered as composed of the fo1lowing elements : 

1. The copepod population represented by the fol1owing orders : 

Calanoida, Cylopoida and Harpacticoida, 1isted according to 

their species and numerical abundance. 

2. A permanent population of the decapod Lucifer - 2 species. 

3. A very considerable population of larvaceans consisting of two 

species of Oikop1eura and one o(_Fritillaria. 

4. Twenty-five species of coe1enterates, including 13 species of 

Cl siphonophores. 

5. An appreciable cladoceran population of Penilia with Podon 

constituting a minor fraction. 

6. Three species of chaetognaths. 

7. Rarely occurring groups; i.e. groups lacking both ~onstancy and 

numbers in their occurrence. These include six species of 

Foraminifera, two species of rotifers, two species of ostracods, 

five species of amphipods, one isopod, 1 species of Dololium and 

a cepha1ochordate, Branchiostoma caribbaeum. 

8. Larval forms which showed sporadic maxima in their occurrence. 

These represent the pelagie stages of several bottom and shore 
o 

living crustacea (shrimps, cirripedes), gastropods and lamelli-

'0 branch ve1igers, polychaete and echinoderrn 1arvae, fish eggs 
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and ear1y deve1opmenta1 forms. 

A1together there were 114 distinct taxonomic groups of zoop1ankters, 

·90 of which were identified at the specific or generic 1eve1. Of 

these there were 87 at 1J, 84 at 4J, 77 at'2J and 66.at 3J. 

Copepods. 

Of the taxonomic groups 1isted àbove the copepods were 

a) represented by most species; b) most abundant numerica11y; 

c) the 1argest constant contributors to zoop1ankton volume at 

stations 1 and 4J. 

The percentage of zoop1ankton numbers formed by copepods in the 

hau1s from a11 stations ranged from 8-89% with averages of 57.08% at 

lJ, 65.40% at 4J, 34.25% at 2J,and 43.20% at 3J, and densities ranged 

from 43.00/m3 to lS,703/m3 . 

Most of the copepods have a world wide tropical and subtropical 

distribution and some have a m1.1ch wider latitudina1 ~ange. A record 

was establis\)ed for oue t.arpacticoid, Microstella norvegica Bol:!ck, 

because its discovery in these waters represents a· range extension of 

200 latitude. It has a distribution range stretching from the Arctic 

down the North An~rican Atlantic seaboard and its previously known 

southern1imit was the latitude of Chesapeake Bay - 380 N (Fish, 1955). 

Thirty-nine of the 45 species identified ",ere taken at station IJ, 

but of these on1y three species had average population densities of more 

than 100/m3 l Farranu1a graci1is Geisbr.echt (Cyclopoida) 169/m3; 

Paraca1anus aculeatus Geisbrecht (Calanoida) 133/m3; and Undinu1a 

w1garis Dana (Ca1anoida) 121/m3. These three species were constant 

in their occurr.ence, being represented in every haul from the station 

--------. 
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from March 1962 through March 1964. Other regu1ar1y occurring 

species were the cyc10poids Corycaeus amazonicus'Dah1 121m3, Oncaea 

venusta Phi1ippi 121m3, Oithona p1umifera Baird 91m3, Coryca~us 

speciosus Dana ll/m3, Miracia efferata Dana 61m3 and the ca1anoids 

Acartia 1i11jeborgi Geisbrecht 61m3 and Ca10ca1anus pavo Dana 13!m~. 

Other species 1ike the cyc10poids Oncaea mediterranea Claus, 

Macroste11a graci1is Dana, Microste11a norvegica and the ca1anoids 

Candacia pachydacty1a Dana and Temora sty1ifera Dana appeared in 

more than 50% of the hau1s but in very 10\-1 densities . Anumber of 

parasitic species (cyc10poids) Ca1igus species, Copi1ia mirabilis 

Dana, C1ytemnestrata scute1ata Dana, Sapphirina intes.tinata Geisbrecht, 

S. auriontens Geisbrecht were a1so taken, but as is' to be expected, 

their temporal distribution is sporadic and densities are very 10w. 

Other rare1y occurring species inc1ude the 1arger carnivores 1ike 

Neoca1anus robustior Geisbrecht and the harpacticoids. 

The three major contributors to copepod numQers in the 4J area 

are the same as at 1J, but here Paraca1anus acu1eatus is not only 

the most abundant (417/m3) but more than three times the average 

population density at lJ. Undinu1a vu1garis becomes slightIy more 

'/numerica11y important here (128/m3) whi1e the average density of 

Farranu1a gradlis decreases to 741m3. Playing a secondary role in 

numerica1 importance are again species 1ike Ca10calanus pavo (391m3), 

Oncaea mediterranea Claus (371m3), Corycaeus amazonicus (251m3), Oncaea 

venusta (231m3), whi1e other species on1y poor1y represented at IJ come 

into importance - Corycaeus 1atus Dana (391m3), Temora turbinata Dana 

261m3), Oithona nana Geisbrecht (231m3) and Centropages furcatus Dana 



() 

o 

30. 

Yet again other species which were never taken at· station 

1J, but which become more numerica11y abundant shorewards, made low-

density sporadic appearances at 4J, for examp1e Temora torbinata, 

'Labidocera scotti Geisbrecht, Eucalanus subcrassus Geisbrecht and 

Ca1anopia americana Dah1. 

Species number range is from 7 (February 1964) to .24 (February 

1963), quite simi1ar to that at 1J, ·and as at 1J, occasiona1 population 

bursts are 1imited to on1y a few species at a time, emphasizing the 

pure1y local nature of factors affecting population size. 

The two harbour stations can convenient1y be treated together 

because they show such a marked simi1arity in speci~s distribution 

and population size. The inshore species co11ected number 18 and of 

these 9 species together account for more than 90% of the copepod 

. population. The average month1y densities of these 9 species range 

from 921m3 for Euca1anus subcrassus to 1797/m3 for Paracalanus 

acu1eatus at 2J, and 101/m3 for Acartia 1i11jeborgi to 2605/m3 .for 

Paraca1anus acu1eatus at 3J. 

The copepod percent fraction of the total zoop1ankton at these 

two stations, however, is much 1ess th an that at the she1f and oceanic 

stations, heing on an average on1y 34.25% at 2J and 43.20% at 3J. 

This difference is accounted for both by re1ative1y large populations 

of sha110w water form~ like Penilia avirostris as well as the 1arger 

numbers of bottom living forms whose 1arvae significantly.augment 

zoop1ankton numbers. 

... _------. i 
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Cladocerans. 

Two cladocerans, Podon sp. and Penilia avirostris were taken in 

the hauls. Podon sp. occurred occasionally in small numbers at land 

4J stations. It was taken on 15 occasions at 1J (62.5%) and 'had an 

average density of 61m3 . Podon sp. was taken 5 times at.station 4J, 

but appeared on only 2 occasions inshore. .It therefore appears to 

be more characteristic of Caribbean offshore waters. 

Penilia avirostris Dana on the other hand, is characteristic of 

the shallower inshore water, maintaining an average density of 1856/m3 

(11.30%) at 3J, and having its focal concentration, 6475/m3 (32.90%) 

at 2J. Although the population densities were so high,Penilia 

avirostris was not a constant contributor. It disappeared from the 

stations completely for periods of one to three months at both stations. 

This situation is discussed under 'Breeding'. 

Penilia avirostris, therefore, makes the largest numerical 

contribution of any single species, and, if the medusae are excluded, 

probably the largest volumetrie contribution as weIl at 2J. At 3J 

penilia avirostris is third in order of numerical significance and 

probably of volum~tric importance as weIl. 
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Larvacea. 

Threespecies of larvacea were identified, allof which were 

distributed throughout the area of study. Fritillaria sp. was the 

least abundant and the most unpredictable in occurrence. It was 

taken most often at 3J in 50% of the hauls with a density range from 

15 to 499/m3 and its density decreases steadily offshore, achieving 

an average of 71m3 at station lJ. 

Of the two species of Oikopleura, Oikopleura l was most abundant 

and regular in its occurrence at 2J, where it achieved an average 

density of 8l2/m3. Oikopleura II was concentrated at 3J where its 

average density ,vas 4272/m3 and where it ranked second only to the 

copepods (6654/m3) in numerical importance. It was also v~ry constant 

in occurrence at 4J but here its average population density was l39/m3 . 

Table 16 below gives an indication of the distribution of the larvacea. 

TABLE 16. Showing the estimated range in population densities 

of three species of Larvacea. 

3J 2J 4J lJ 

Max Hin Av/m3 Max Min Av/m3 Max Min Av/m3 Max lMin 

Oikopleura l 503 24 186 4540 , . 38 '812 188 27 81 116 1 

Oikopleura Il 22835 10 4272 2779 25 593 556 8 139 84 1 

Fri tillaria 
sp. 499 15 205 643 10 156 13 6 8 20 1 

Total 4663 1561 228 

A.v/m3 

25 

15 

7 

47 

._------------_ .. _-
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Larvacea. 

Three species of 1arvacea were identified, a11. of which were 

disttibuted throughout the area of study. Friti11aria sp. was the 

1east abundant and the most unpredictab1e in occurrence. It was 

taken most often at 3J in 50% of the hau1s with a density range from 

15 to 499/m3 and its density decreases steadi1y offshore, achieving 

an average of 7/m3 at station 1J. 

Of the two species of Oikop1eura, Oikop1eura l was most abundant 

and regu1ar in its occurrence at 2J, where it achieved an average 

density of 812/m3. Oikop1eura II W&S concentrated at 3J ~here its 

average density ,vas 4272/m3 and where it ranked second on1y to the 

copepods (6654/m3) in num~rica1 importance. It was a1so v~ry constant 

in occurrence at 4J but here its average population density was 139/m3. 

Table 16 be10w gives an indication of the distribution of the 1arvacea. 

TABLE 16. Showing the estimated range in population densities 

of three species of Larvacea. 

3J 2J 4J 1J 

Max }Iin Av/m3 Max~n Av/~3 Max Min ,,"v/m3 Max fMin 

Oikopleura l 503 24 186 4540 , . 38 '812 188 27 81 116 1 

Oikop1eura II 22835 10 4272 2779 25 593 556 8 139 84 1 

Friti11aria 
sp. 499 15 205 643 10 156 13 6 8 20 1 

Total 4663 1561 228 

If..-v/m3 

25 

15 

7 

47 
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(Î Chaetognaths 

Three species of chaetognaths were present - the re1ative1y 

large Sagitta enflata G.rassi (up to 3.6 cm), S. serratadentata Krohn 

(1-1.5 cm) arid Khronita subtilis ·Grassi (1-1.5 cm). A1l three species 

occurred qui te regu1ar1y at stations 4'and lJ while S. enf1ata was 

much more common in the harbour where it constitutes an important 

e1ement of the zoop1ankton, as represented be1ow: 

TABLE 17. Average density 1m3 of the chaetognaths.· 

Stations 3J 2J 4J 1J 

S. enflata 501 114 6 2 

S. serratadentata 235 82 17 13 

Khronita subti1is on1y 3 46 11 5 
occurrences 

Total % contribution 3.70 1.34 1.38 1.57 

On the basis of numerica1 abundance S. enflata was by far the 

1argest contributor, 60.4%, to the chaetognath population, Sagitta 

serratadentata contributing 33.6% while Khronita subti1is comprised a 

very sma11 fraction - 6%. Part1y because of a large contribution 

made by S. enf1ata) chaetognaths were 5-15 times more abundant in 

harbour than in she1f and oceanic waters, but it shou1d be noted 

that low density figures of S. serratadentata and Khronita subti1is 

obtain from a constant population whi1e at 3J the population is 

characterised by a much 1ess regu1ar occurrence with occasions of 

Cr high incidence. As is the case with the 1arger carnivorous copepods 

-
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and amphipods, daytime hauls at lJ do not fairly sample the chaetognath 

population. Night tows indicate that the populations of these species 

is on the average 3.5 larger than day hauls. 

Although there was considerable temporal fluctuation, no obvious 

seasonal variations could be detected in the populations of chaetognaths. 

Population peaks occurred at different periods in different years 

and population blooms rarely concurred in even two of the species. 

The three species named above are typical members of the plankton of 

the tropical and subtropical North Atlantic and may be expected to 

occur at any time. (See Grice and Hart (1962), Moore (1949), Deevey 

(1952)). 

It has been suggested,"· (Stone, 1966) that the number of 

S. enflata is a good indicator of variation in size of standing crop 

in an area. Whether or not this statement applies significantly to 

the special food of S. enflata or to the·zooplankt6n in general, it is 

a postulate that fits quite easily in the present circumstances of 

generally higher production inshore at 3J. 
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Coelenterates. 

Six of the 25 species of coelenterates listed, Eirene sp., 

Aeguo~ macrodactyla Brandtse, Eutima, Octorchis, Cosmetira and 

Carybdea xaymacana Conant and sometimes Liriope scutigera were 

relatively large measuring more than an inch in diameter. These 

were regularly sorted and measured separately. Their nurnhers were 

extremely small in comparison to their volumetrie measurements hence 

their volumes have not been taken into account for purposes of 

comparison. Their very high contributions by volume are indicated 

in Table 2. However, smaller members of these same species passing 

through sieve of mesh size .2 cm were included in both volume and 

counts. Other Hydromedusae like Liriope mucroranta Gegenbaur, 

Eucheolita sp. and Obelia whose medusae are of semi-microscopic 

size were included in volume determination and counts. 

The larger medusoid forms mentioned above occurred more 

abundantly in the harbour stations, Eirene, for example, occurring 

almost exclusively at 2J where a mean concentration of l2.6/m3 would 

represent an increase of 12.6 cc to average volume at this station 

(mean volume without medusae •. 46 cc/m3). Reference to Table 10 in 

theappendix will show this as weIl as the fact that other species of 

genera Liriope, Eucheolita, Octorchis and Eutima are distributed 

around 2 and 3J and occur only occasionally at 4J. 

Siphonophores. 

Thirteen species of siphonophores were present. These occurred 

much more regularly at the shelf (4J) station and deep water (lJ) 

1 

.J 



36. 

station than at the two harbour stations, but sporadic occurrences 

inshore were characterised by much higher concentrations. Many of 

these species found are typically warm water species, among them 

Abylopsis eschscholtzii Huxley and A. tetragona Otto, Eudoxides 

spiralis Bigelow, Dyphyes dispar Chamisso and D. bojani Chun, Lensia 

subtiloides and Chelophyes appendicu1ata, and, according to Grice and 

Hart (1962), Bigelowand Sears (1939) are more characteristic of 

Sargasso sea waters. Grice an.d Hart also maintain that in genera1 

thereis a paucity of siphonophorecspecies in neritic waters and that 

there is an offshore deep water distribution of this group of animaIs. 

This observation was not para11eled in this area. Eleven speci.es 

were sampled at some time during the study at 2J and thirteen at 4J 

station, but only eight at each of the two extreme stations. 

It has already been stated that this study was concerned mainly 

with day surface plankton and night tows suggest that the majority 

of carnivores remain below sampling depth in the daytime and rise to 

feed at night. Since the siphonophores are notorious carnivores, 

this might account for their fewer spedes occurrence in the daytime 

p1ankton at 1J. 
1 , 

In resume therefore it may be seen that though the density of 

small medusoid forms and siphonophores was smal1 in comparison to the 

copepods and they therefore make only a small percent numerica1 

contribution, the smallest is large (approximately 5 times) in 

comparison to the average size of the copepods, so their volumetric 

fraction was quite large, and as a group was most important at station 

o lJ where their percent disp1acement volume would rank them comparative1y 

high in an environment where the total mass is small. 

~---
j 
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Eucarids' . 

The euphausids and sergestids were the only adult euca;-fds 

represented in the epizooplankton. There werè 5 species of euphausids 

but only t~-lO were conunon in the daytime plankton and the larger 

populations appeared inshore. Euphausid l was most abundant and 

regular in occurrence at 2J. It occurred in 56% of the samples and 

had an average population density of 34&/m3. This figure was 

considerably weighted by a dense oc~urrence of 242l/m3 in June 1963. 

This bloom was not repeated in any of the collections and for the 

other months the density figures ranged from 28 to 595/m3. Euphausid 

II was taken only five times and its mean monthly density was less than 

Euphausid II occurred frequently at stations 3 and 4J, in both 

instances in more than 70% of the tows and the mean monthiy densities 

were 236 and 51m3 respectively. At station IJ both species occurred 

frequently but in very small numbers, averaging together less than 11m3 

in daytime plankton. In the night tows however, these species were 

three times more abundant than in day hauls and in addition three other 

species were represented. Although euphausids contribute only 1.03% 

at 2J and 0.75% at 3J of zooplankters, yet considering their size (mean 

value 15 mm) in relation to co~epods, the y added quite significantly to 

the displacement volume. Even at 4J they ranked as the sixth most 

numerous animaIs and likewise would make fair percent contribution to 

zooplankton volume. At lJ, however, their paucity in numbers renders 

their contribution negligible both numerically and volumetrically. 

The sergestid component comprised two species of the genus Lucifer. 

L. faxoni Borradaile is, according to Hansen (1919), a typical coastal 
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or inshore species and as such' it appeared in these collections. It 

had its highest incidence at 2J. It was a1so quitecommon at 3J but 

its seaward extensi~n appeared to end at 4J. At a11 these stations 

both adu1ts and the various 1arva1 stages were taken. The average 

densities of the adults were respective1y 172/m3 at 3J, 504/m3 at 2J 

and 2!m3 at 4J. These figures repI"esent .88%, 2.73% and .05% 

respective1y of zoop1ankton numbers at the three stations. If the 

1arva1 stages are added these figures would be increased to 2.92% (3J), 

12.11% (2J) and .50% (4J). The importance of L. faxoni as a component 

of the zoop1ankton can therefore be assessed from these figures. 

L. typus Mi1ne-Edwards, easily distinguished from L. faxoni by its 

much longer eye sta1ks, is described as a typica1 oceanic species, was 

() taken on1y at 1J in both day and night hau1s. However, it was more 

abundant at the surface at night. Average density for daytime was 

1ess than 11m3 . 

Amphipods. 

Five species of amphipods were identified, but on1y three, species -

Brachysce1sus cruscu1um Spence Bate, Hyperia at1antica Vosse1ev and 

G1ossocepha1us mi1ne-edwardsii Bova11ius were represented in the daytime 

p,lankton. B. cruscu1um and G. mi1ne-edwardsii are both characteristic 

of tropical At1àntic waters; Hyperia atlantica is as well,and it was the 

most abundant of the three in these Caribbean waters but even so it was 

extremely sparse, less than 21m3 at lJ. The distribution of amph~pods 

seemed to have its shore,~ard limit at station 2J. All three of the 

above mentioned groups were taken in daytime hau1s at IJ, and in increased 
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abundance in the night time hauls. In addition, Eusirus longipes and 

one unidentified species were taken in the night time hauls. The 

amphipods as a group therëfore~ made no significant contribution either 

volumetrically or numerically to the zooplankton at any of the stations. 

() 
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Other groups. 

!WO 'ptèl'opods, Creseis acicu1a and Limacina sp.occurred 

irregu1arly at 4J and 1J where samp1es occasionally contélined high . 
populations. 

1 

C.acicu1a was found on1y twice at 3J and three times 

at 2J. 

Beside the taxa mentioned above seven other groups were present 

in small nlmbers. These will be mentioned in order of numerical 

importance. 

There were 10 species of Foraminifera but of ,these only , 

G10bigerina bu110ides d'Orbingy occurred in appreciable numbers and 

that on1y at 1J (231m3) and 4J (331m3). The,other species of foram-

inifers identified were evident mainly in general examination of portions 

larger than the aliquot samples used for counting. It is possible, 

however, that because of heaviness of the skeletons, these settled too 

quickly to be taken in the small subsamples. 

The other adult members of theplankton are comprised of two species 

of rotifers, two parasitic isopods, two ostracod species taken only at IJ 

and one annelid; Loima sp., small populations of which were found at aIl 

stations. There was also one species of Dololium and one of the 

cephalochordate Branchiostoma caribbaeum which was found only in the 

harbour (stations 2 and 3J). 

-
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Larval forms 

The plankton contained numerous free-swimming larvae of bottom 

living or sessile forms of echinoderms, molluscs, annelids, crustacea 

as weIl as fish eggs and early developmental forms. 

Decapod na.uplii, zoeae, megalopa : Porcellanid· and Carcinus zoeae made 

only infrequent appearances at lJ but Carcinus zoeae were almost always 

found at 4J. They were more abundant at the harbour stations. Decapod 

nauplii were found at aIl stations and the phyllosoma larva of panulirus 

was taken on two occasions at lJ. As mentioned before the various 

stages of the larvae and pre-adult of Lucifer faxoni made quite an 

appreciable numerical contribution to the epifauna of stations 2, 3 and 

4J - 9.38%, 2.04% and .45% respectively. Barnaclenauplii and cyprids 

were numerous at 3J and 2J but few ~{ere found in the shelf and offshore 

populations. 

Veligers : Gastropod and lamellibranch veligers were found in relatively 

large numbers at aIl stations with the highest density at 2J station 

726/m3 (4%), followed by 3J with 388/m3. More than thirty distinct 

groups were separated but owing to lack of information about the adult 

stages no further identification could be attempted. 

Polychaete larvae which were also not identified·were relatively abundant, 

particularly at the harbour stations; 

follows 

4J 

101m3 

Mean population densities were as 

2J 

381m3 

3J 

lOo./m3 
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Echinoderm 1arvae were common both in numbers and occurrence at 

stations 1J, 4J and 2J, but very rare at 3J. 

The other 1arva1 forms mentioned above were relative rarities and 

inc1uded such forms as Sipuncu1id 1arva, 1arvae of Lingu1a and Phoronis, 

MU11ers 1arva of Marico1an po1yc1adida, Po1yzoan cyphonaute 1arva and 

ascidian tadpo1es. 

Fish eggs and 1arvae. Fish eggs in various stages of deve10pment were 

a1ways in re1ative1y g~eat abundance at 1J. In fact, they were the 

second most abundant constituent of the p1ankton (23.6/m3). and as such 

constituted 28 .. 71% of .zoop1ankton numbers and a considerable fraction of 

disp1acement volumes .for this station. At 4J a much lower average 

density of 791m3 represents 4.53% of zoop1ankton nurnbers for this 

station. The higher average values of 39'6/m3 at 3J and 305./m3 at 2J 

are derived from a much ~ore sporadic distribution in tirne, and 

represent a much 1ess significant percent contribution at these stations -

0.47% and 1.72% respective1y. 

The total percent numerica1 contribtltions at the four stations rnay 

be d.erived from Table 18 ~]hich a1so shows the, shoreward decreasing 

importance of fish eg'gs and 1arvae and the increasing. importance of 

larvae of bottom living forms. 

o 
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TABLE 18 

Showing the percentage contribution by the major groups to the 

zoop1ankton of the four stations. 

Station 

Ccpepods 

C1adocerans 

Larvacea 

Larvae:nauplii 

ve1igers etc. 

Fish eggs 

Decapods 

Lucifer 

Euphausids 

Chaetognaths 

Coe1enterates 

Others 

1J 

57.08 

0.33 

4.19 

3.00 

28.71 

~1 

4.1 

1.57 

~1 

94.89 

5.11 

4J 

65.40 

0.27 

8.05 

8.18 

4.53 

<::1 

(1 

1.38 

~1 

88.03 

11.97 

2J 

34.25 

32.90 

6.31 

13.14 

1.72 

2.73 

1.03 

1.34 

2.77 

96.17 

3.83 

43. 

3J 

43.20 

11.30 

24.11 

8.04 

0.47 

0.89 

0.75 

3.70 

1.52 

93.97 

6.03 
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II. Comparison ~f four stations. 

The results described in the previous section may be conveniently 

su~arised under the following headings 

Gross measurements. 

a. Plankton volumes. 

Three main facts appear on examination of the data : 

i) The size of the ~tanding crop varied greatly but with little or 

no relation to climatic seasonality. 

ii) The amplitude of monthly variations is approximately the same 

for, ail stations - about an order of magnitude of difference. 

iii) The harbour waters support a zooplankton population at least an 

order of magnitude greater than that of shelf and offshore waters. 

There is, in fact, a gradient in average displacement volumes. 

There were generally larger quantities of zooplankton at 3J (or harbour 

basin) with progressively lesser amounts at 2J (or harbour mo~th), 4J 

(shelf or coral reef) and lJ (oceanic) giving meanvalues of .82; .46, 

.04, .02 cc/m3 respectively. The reverse gradients lJ, 4J, 2J and 3J 

therefore give ratios of 1 2 : 23 : 41 for displacement volumes. 

,b. Dry weights. The quantitative relationship is repeated 

in the dry weight measurements (Fig. 4), the average values for each 

station again giving ratios of 1 : 2.5 : 22.5 : 46. 

c. Numerical abundance. In concordance with volume and dry weight 

relationships, considerably larger numbers of zooplankters were 

encountered at 2 and 3J than et 1 and 4J, but the gradation is not 

completely duplicated. Average 1m3 density =atios are 1 : 2 : 20.3 

18.6. 

, General examination of the plankton showed, and reference to the 

-
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tables of results will indicate that the generally and relatively 

high standing crop in the harbour will be· atti'ibuted proximateIj td .. 

the following 

i) Much greater population density of CO~Qn species of copepods, . 

e.g. Paracalanus aculea·tus 2605/m3 at 3J (c.f. l69/m3 at 1J). 

ii) The occurrence ici larger numbers of species of copepods of much 

1arger size (mean size ratio 5:1) for example Euca1anus subcrassus, 

Centropages furcatus, Temora turbinata, as weIl a~ other taxa such as 

Penilia, Oikopleura, Sagitta and Lucifer. 

iii) The much greater abundance of meroplanktonic forms. 

At 3J larger volumes seem to be Hnked directly to high densities 

of Larvacea (4663/m ) and copepods (6654./m ) and to a lesser extent to 

chaetognaths, whi1e at 2J cladocerans and larvae made very' significant 

contributions (see Table 17). This does not a1together exp1ain the 

apparent breakdown in concordance between numerica1 abundance and the 

other measurements. 

An interesting feature of a11 the quantitative ~spects is, with 

the exception of the numerical ratios, the correspondence .in the order 

of magnitude difference for aIl the measurements both those determined 

for chemistry and primary productivity;.as weIl as those determined for 

standing crop. This correspondence is diagramatically expressed in 

Fig. 6. 

Species diversity, abundance and spatial distribution. 

The species list for the four stations comprise 114 different taxa 

of zooplankters. Groups that were identified on1y at the order or generic 

1evel, such as 1arvae of decapods, cirripedes,molluscs and polychaetes, 

undoubtedly comprised many species and this wou1d greatly extend the 

species list. There is therefore a great variety of species occupying 
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tables of results will indicate that the generally and relatively 

high standing crop in the harbour wHl. be' atttibuted proximatéIy td .. 

the following 

i) Huch greater population density of co:nmon species of copepods, . 

e.g. Paracalanus aculeértus 2605/rn3 at 3J (c. f. l69/m3 at IJ). 

ii) The occurrence in larger numbers of species of copepods of much 
.1 

! 

larger size (mean size ratio 5:1) for example Eucalanus subcrassus, 

Centropages furcatus, Temora turbinata, as well as. other taxa such as 

Penilia, Oikopleura, Sagitta and Lucifer. 

Hi) The much greater abundance of meroplanktonic forms. 

At 3J larger volumes seem to be Unked directly to high densities 

of Larvacea (4663/m ) and copepods (6654/m ) and to a lesser extent to 

chaetognaths, while at 2J cladocerans and larvae made very' significant 

contributions (see Table 17). This does not altogether explain the 

apparent breakdown in concordance between numerical abundance and the 

other measurements. 

An interesting feature of aIl the quantitative ~spects is, with 

the exception of the numerical ratios, the correspondence .in the order 

of magnitude difference for aIl the measurements both those determined 

for chemistry and primary productivitY;.as weIl as those determined for 

standing crop. This correspondence is diagramatically expressed in 

Fig. 6. 

Species diversity, abundance and spatial distribution. 

The species list for the four stations comprise 114 different taxa 

of zooplankters. Groups that were identified only at the order or generic 

level, such as larvae of decapods, cirripedes~molluscs and polychaetes, 

undoubtedly comprised many species and this would greatly~xtend the. 

species list. There i5 therefore a great variety of species occupying 
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Fig. 6. Histogram of ratios of determinations of nutrient, primary 

,: productivity and standing crop levels. 
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the surface waters over a r,elatively short distance (cf. Grice and Hart-

transect from Bermuda to New York). 

The spatial distribution of some groups, especially pelagic larvae, 

is quite understandable on the basis of what is known of the beth~ic 

fauna. Many species of gastropods, sedentary anne1ids, lame11ibranchs 

and cirripedes and echinoderms are abûndant in the coral reefs which 

surround 4J, and in the harbour. The densities of 1arval forms again 

demonstrate the 1-3J gradient. The paucity of pelagic 1arval forms at 

lJ could presumab1y be accounted for, on the premise that the greater 

depth there severely limits the density of benthic fauna. 

Some of the free-living adult forms like'Peni1ia avirostris and 

Lucifer faxonii are also weIl known characteristic 'inshore shaIlow-

. '. 

water forms and their absence from lJ serves further to characterise 

this station as a deep water oceanic station. It is in the copepod 

population that the main contrasts are highlighted. Some formaI 

statements can therefore be made concerning the distribution of copepods 

in so far as they serve to characterise their areas of occurrence. 

Harbour stations 2 and 3J. 

The similarity in species composition at the~e two stations has 

a1ready been mentioned. The copepod population in harbour consists of 

18 species, ou1y nine of which made significant percent contributions 

to the total population. Of the other nine species, 3 are parasitic 

and were taken only rarely, 3 were characteristic of 4 and lJ and their 

,very rare occurrences were interpreted as being indicative of the influx 

,of offshore waters. Of the other three, Labidocera scotti is a 

subsurface dweIler, or at 1east negative1y phototactic, and the other 
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two probably are as weIl, and therefore were taken only occasionally. 

Of the nine constant copepod zooplankters only three - paracalanus 

aculeatus, Corycaeus amazonicus and Oithona plumifera - have'parallel 

occurrence at aIl stations and their population densities serve weIl 

to 'underscore the trend of inshore-offshore decreasing population sizes. 

The other six species appear to be limited to the harbour and, with the 

exception of Acartia lilljeborgi maintain their highest densities at 3J. 

However, the populations at the two stations seem to fluctuate 

independently of each other, and the two stations further distinguish 

themselves from one another by the peculiar features such as the 

distribution of some non-copepod species. Species such as Penilia 

avirostris, Lucifer faxoni, Acartia lilljeborgi and Eirene sp. have 

their focal concentrations at 2J and spatial distribution tapers off 

toward 3 and 4J. (2J and 4J are undoubtedly areas of mixing between 

the two extreme stations, but mixing is probably much greater at 2J). 

Oceanic lJ. 

With 39 species, station lJ has the most heterogeneous community 

but population sizes are very small, the three most abundant average 

less than the t~ree least populous species in h?rbc~. Most of the 

harpacticoids and cyclopoids occurred at this station. Of the three 

regularly occurring and most abundant species only Undinula vulgaris and 

paracalanus aculeatus are calanoids. U. vulgaris has a size range of 

2-2.5 mm, P. aculeatus and Farranula gracilis are both smaller, ranging 

from .8-1.1 mm. There are many more species of the Pontellids and the 

other large carnivorous calanoids but their daytime densities are very 

small, in every case less than one per m3 ; even if these populations were 

, 
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multiplied by 3.5 (night to day tows ratio) they could still rate as 

being very sparse. This situation is in contrast to the harbour 

population which is concentrated in a small number of species of 

copepods of relatively large size and very large population size. 

The copepods bulking in the zooplankton at the harbour stations range 

from .8 mm-4m with large populations in the 2-3 mm range. The size 

range of copepods is given in Figures 7a and 7b. 

Station 4J. 

This station distinguishes itself from lJ in two main ways : 

a) In the high population densities of species like Undinula vulgaris 

and Paracalanus aculeatus, that are common to both stations and also 

in more species and larger population densities of larval forms. 

b) It appears to form the seaward limit of the spatial distribution of 

many inshore species like Lucifer faxonii, Penilia avirostris and Acartia 

lilljeborgi, as well as the shoreward limit to some characteristic 

oceanic forms. 
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Fig. 7b. Size range of copepods. 
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Pontellopsis 
·regalis female 

pontella 
securifer male 

Neocalanus 
robustior female 
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BREEDING 

The reproductive activity of the various adult species of the 

zooplanktonlacks synchronization and seasonal regularity. For many 

species breeding appears to take place aIl the year round with periods 

of intensified activity. To begin again with the copepods, there is 

evidence that most of the species are continuous breeders or at least 

have protracted breeding periods. Of the 40 free living species, 15 

occur only infrequently - sorne obviously bottom living forms-and though 

taken in various stages of development do not provide enough connected 

evidence for a description of their breeding habits and cycles, but 

their occurrence is sufficiently randomly distributed in time to emphasize 

independence of climatic seasonality. The other twenty-five species 

display breeding patterns of the type described above. 

Other non-copepod zooplankters display reproductive habits of the 

same categories as described for the copepods and observations and 

results for sorne selected species are discussed in the following pages. 

Method. 

The patterns of reproductive activity were determineè, as in other 

cases, on replicate counts. The entire sample wa's well shaken and a 

subsample of unspecified quantity pipetted into the counting dish. From 

each sample 100 specimens of the species under consideration were counted 

into cohorts of 10; of these only the adults in breeding condition were 

recorded. The total of these counts gives percent and the average of 

/ 
the replicate counts was the final accepted figure. Differences in 

\ 
counts ranged from 0-5%. It should be pointed out here that the method 

.. , 
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of percent breeding individuals only serves to demonstrate the relative 

abundance of breeding individuals. periods of maximum reproductive 

activity could be calculated from the absolute number of breeding 

individuals per unit volume of water, but since species population 

sizes and densities vary so greatly it was found inconvenient to 

represent variations on any one scale. The percent age basis was 

found rnost applicable to both large and small populations. 

In non-ovigerous copepods a breeding state can be distinguished by 

several other features. For example, fernales of Undinula vulgaris, a 

non-egg bearing species, develop an opacity around the two terminal 

spines on the last metasomal segment. This opacity is more pronounced 

on the right spine and is further characterised by two reddish brown 

spots. The male then carries a specially modified fifth leg in a lowered 

position. It is with this leg that the spermatophores are transferred 

and attached to the right terminal spine of the female. In every female 

observed in this condition frorn one to five spermatophores were observed 

attached to this right spine. WeIl developed ovaries can also be seen 

through a transparent body, as for example in Eucalanus subcrassus. 

Candacia pachydactyla advertises its breeding state by an 

intensification of dark brown colour in pereipods, setae and thoracic 

terga as weIl as at the tip of the right terminal thoracic spine. 

Figs. 8a and 8b illustrate the breeding symptoms of sorne species of 

the copepods investigated. Any one or combination of the se conditions 

in addition to nauplius stages in the medium is diagnosti~ of a period 

of active breeding. On the basis of these results the species 

investigated were grouped in the following categories : 
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Fig. 8 a. Breeding conditions in some copepods. 

( 
1. Undinu1a vu1garis fema1e with spermatophores. 
2. Miracia efferata fema1e with egg sac. 
3. Euchaeta marina fema1e with egg sac. 
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Fig. 8b. Breeding conditions of some copepods. 

f 
1. Oncaea venusta female carrying male. 
2. O. venusta female with young egg sac. 
3. Corycaeus amazonicus female with egg sac. 
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Continuous breeders 

paracalanus aculeatus : It is known that this species holds 

spermatophores ard egg sacs for a very short period,. and egg sacs are 

easily lost in captivity (Coker and Gonzalez, 1960; Russell and Colman, 

1934). Only very fe\., adults \.,ith eggs were found in the preserved 

samples but immature stages and females in breeding candi tion \vere round 

throughout the year at all stations, and the maturation period is thought 

to be of approximately a month's duration. The long sampling interval s 

precluded the possibility of defining the period more exactly, but the 

repeated sequence of abundance of early larval stages followed by a large 

crop of adults in the sueceeding month may reasonably indicate a cycle 

of breeding. At times this sequence, accompanied by a graduaI population 

increase was particularly uoticeable at 2J., This observation is 

supported by the findings of Gonzalez and Coker (1960) on the species 

in Puerto Rican \vaters. The fact that P. acu1eatus is able to maintain 

dominance and a persistent é!du1t population at al! stations, suggests a 

survival advantage which could very well be a short mgturation period 

combined Hith maintenance of a constant reproductive state. Russell et al 

(1934), working on the zooplankton off the Great Barrier Reet, 'found a 

similar situation for th<! sam~ species of copepod but noticed a distinct 

falling-off of numbers from September to January. A similar fal!ing-off 

period was noticed in this study, th~ decrease being more noticeable from 

November to January. lt is reasonable to conclude, therefore, that for 

this species there is at least a r&.pid successio~ of broods .. ~i.th SOlT'.e 

intensification at particular periods of the year. 

Farranul~ gracilis : Hales and/or fema1es .. 7ith spcrm sacs were takcn' 

in every sample; females \-lith egg sacs ,;vere less frequent. 
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difficult to distinguish the nauplii of this species from those of 

four Corycaeus species to which it is closely related, hence evidence 

of its reproductive habits must depend on the presence of adults 

bearing either sperm sacs or eggs. Aiso of importance in deciding on 

a long or continuous breeding period is the fact of the continuaI 

presence of adu1ts. These sma11 copepods have very sma11 1ife spans 

so there must be rapid replacement to maintain a constant adu1t 

population. There was a1so evidence of local intensification in 

breeding. 

The histogram in Fig. 9a depicts the percentage of adults in 

breeding condition from month to month. It is obvious that at any 

sampling tirne there was a high percentage of the population in this 

condition; the average was 90.5% with a minimum of 67.5%. At 4J 

(Fig. 9b) the picture was similar to that at IJ; at any time of the 

year from 50-96% of the adult population disp1ayed an obvious breeding 

condition. 

Corycaeus species : (C. latus Dana, C •. americanus M.S. Wilson, 

C. amazonicus, C. speciosus) aIL display similar habits of continuous 

or protracted breeding. Other species comprising the group of 

continuous breeders areOhcaeavenusta, O. mediterranea (cyclopoids), 

Oithona p1mnifera and Oithona~. Gonza1ez and Coker find the 

cyclopoids O. nana and O. simplex as weil as the harpacticoid Euterpina 

acutifrons Dana to be perennial breeders. Figs. ~Oa and b give the 

percent population of ancaea venust~ in breeding condition at stations 

1 and 4J. Fig'- Il represents the percent breeding of Oithona ~ 

at the 3J station. Of the ca1anoid species, Undinula vu1garis and 

-----_.-. 
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Fig. 9b. 

Fig. 9a-9b. Breeding activity of Farranula gracilis expressed as % 
of population in breeding condition each month. 
* means no sample was taken on that date. 
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Oncoeo venusta 
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Fig. lOb. 

Figs. 10a-10b. '. Breeding activity of Oncaea venusta eXpressed as % 
of population in breeding condition each month. 
* means no ~ample was taken on that date. 
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Centropages furcatus a1so seem to breed continuous1y but with a longer 

maturation period. The two Temora species, Acartia 1i11jeborgi, 

Ca1anopia americana and Euchaeta marina Prestandrea being of more 

sporadic occurrence did not provide enough connected evidence of 

continuous breeding but adu1ts in a reproductive state 'and juveni1e 

stages were sufficient1y randomly distributed over the months to 

indicate 1ack of periodic seasona1ity, and suggest at least protracted 

periods of breeding. One ca1anoid, Euca1anus subcrassus had a nauplius 

and other juveni1e stages sufficient1y distinctive to be easi1y separated 

from the others. Nauplii and other juvenile stages were taken in a1most 

every samp1e. This indicates a rather rapid succession of generations 

and a short maturation period. Euca1anus subcrassus is one of the 

biggest copepods of the area' and, since copepods show determinate growth, 

wou1d be expected to take longer to mature. 

Euchaeta marina, a comparative1y large predatory ca1anoid, carries, 

an egg sac of about 10 large eggs (see fig .. 8~) and probab1y takes as 

much as six weeks to we.ture; the data, however, are insufficient to make 

this an incontestable conclusion. 

Species ~Yith sporadic breeding periods. 

The evidence derived from the data suggests that the species 

Miracia efferata (Fig. 12) and Oithona p1umifera have sporadic breeding 

habits with breeding periods lasting from one to three months. This is, 

however, not necessari1y true. These species were taken in on1y sma11 

numbers and in sorne months no specimens were found at,a11. Whether or 

not the population had disappeared or mere1y migrated below the samp1ing 

area cannot be ascertained. For this reason these two species'are 
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Fig. 11. - Breeding activity of Oithona ~ expressed as % of 
-population in breeding condition each roonth. 
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Fig. 12. Breeding activity of Miracia efferata expressed as % 
of population in breeding condition each month. 
* means no. sample was taken.on that date. 
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tentatively placed among those with sporadic breeding periods, but 

they might weIl be continuous breeders. A point in evidence is 

served by the case of Oithona ~ at stations 3J and 2J. Whereas 

O.nana produced adults.in breeding condition for 14 consecutive months 

at 3J, as shown in Fig. Il, the data provide evidence of several peaks 

of breeding activity of shorter durations during those same 14 months 

at 2J. It is suggested elsewhere that 2J is subjected to lateral water 

exchanges that serve to vitiate normal expected sequences. 

It might be of sorne significance that the copepods maintaining a 

high percent productive'rate also maintain a high average population 

density, for example, Paracalanus aculeatus, ·U. Vulgaris and F. gracilis. 

The species with low productive rates or sporadic breeding habits 

constitute only a small percentage of the total copepod population. 

Breeding in sorne non-copepod species. 

Larvacea The developmental history of the larvacea was difficult to 

follow mainly because of the problem of idenÙfying the eggs and 

distinguishing the early stages of the three genera present. .The older 

stages and adults were readily recognised by differences in the width 

·and relative lengths of the tails. Because Oikopleura II was most 

abundant and regular in its occurrence at 3J it was assumed that most 

of the juveniles belonged to this species. The. s'ix month period from 

August 1962 to February 1963 seems to show a two month periodicity in 

breeding. A large crop of adults in one month, a few adults and sorne 

juveniles in the next, followed again by a large crop of adults; but 

from March to July both adults and juveniles were present eve~y month. 

(During this period adults of Oikopleura l were present and in small 
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numbers only,in February - May, and thosa of Fritillaria, also in small 

numbers, in February, May, June and July.) From August to December 

the two month rhythm seemed to have been restored, but a good crop in 

January preceded total absence in February, and a small number in March; . 

an apparent disappearance in April was followed by large numbers in May. 

Cladocera. 

Penilia avirostris The samples .from 2 and 3J provided good evidence 

of the reproductive activity of this species. The data are pr~sented 

as absolute population numbers for 3J and as a percentage histogram for 

2J. 

From the data in Table 19 and Fig. 13, it was concluded that the 

developmental period for the species is very short, probably two week~ 
1 

in four weeks·, May 1-28, 1964 the population had increased sevenfold. 

This feat was twice duplicated in the period 28/10/63 to 16/12/63. The 

animal broods six to seven young at a time, and the young mature so 

rapidly that they themselves begin production of parthenogenic eggs even 

before they leave the parent's brood pouch. .Apparently in the period 

of prolific reproduction a new batch of eggs is deposited in the pouch 

every fiveto seven days (Davis, 1955), and propagation will take place 

at any time provided the right cond~tions are in operation. The 

population builds up rapidly to a peak and either declines slowly or 

disappears suddenly. From what is known of cladoceran biology (Wickstead, 

1965) these periods of low density or apparent disappearance are preceded 

by the production of males and resting stage eggs. In more tempera te 

latitudes population growth and size is closely linked with food supply 

and climatic conditions, but in the present survey no significant positive 

- ----------_ .... - ~ -- -----. -
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TABLE 19. 

Abso1ute densities and population changes for the c1adoceran Peni1ia 

avirostris at station 3J frorn February 1963 to Ju1y 1964. 

Date Density/rn3 Observations 

.-

3/2/63 758 Most with eggs 

26/2/63 643 Most with eggs 

28/3/63 1182 Few with eggs 

26/4/63 1849 Fe~l wi th eggs 

27/5/63 1059 Most with eggs and young 

19/6/63 3266 Sorne with eggs 

9/7 /63 384 Few with eggs 

1/8/63 132 Few with eggs 

23/8/63 91 Few with eggs 

19/9/63 0 

28/10/63 495 Most with eggs 

18/11/63 2733 Most with eggs 

16/12/63 12856 Few wit:h eggs 

24/1/64 0 

21/2/64 3298 Most with eggs 

23/3/64 1821 Few with eggs 

23/4/64 0 

1/5/64 427 Most with eggs 

28/5/64 2860 Most with eggs 

29/6/64 767 Few with eggs 

27/7/64 469 Sorne with eggs 
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Penilia oviros tris 

2 J 

J . F M A M J 
1964 

Fig. 13. Breeding activity of Penilia avirostris expressed as % 
of population in breeding condition each month. 
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correlation between abundance of Peni1ia and phytop1ankton population 

size cou1d be demonstrated. However the avai1abi1ity of food does not 

necessari1y f1uctuate with genera1 phytop1ankton abundance. Moreover, 

even slight imba1ances in optimal environmenta1 conditions resu1t in 

the disappearance of all but scattered individua1s. 

This pattern of reproductive activity was simi1ar to that of the 

species at station 2J where it was more abundant. 

Chaetognaths There appears to be on1y sketchy information on the 

1ife span or maturation period of Sagitta in tropical seas. Direct 

observations have been done on different species in different temperature 

be1ts. From the evidence Redfie1d and Beale (1940) have conc1uded that 

breeding, and presumab1y growth rate, are contro11ed by the physical 

characteristics of the water, particu1arly by temperature. The number 

of generations produced each year increases with distance from the poles 

(Owre, 1960). Dunbar (1941) worked out a two year 1ife span for 

S. e1egans in arctic and subarctic waters, each generation producing one 

brood a year, Towards the southern boundary of its distribution in the 

temperate region, S. e1egans produces five or more broods per year; 

though this was not specifica11y stated, the conclusion to be drawn is 

that the 1ife span io corresponding1y shorter. 

Various schemes have been suggested for determining the stage of 

maturity of chaetognaths (Thomson, 1947; Pierce, 1951; Colman, 1959; 

Ghirardel1i, 1961a, 1961b, quoted by Alvarino). It is genera11y agreed 

that the testes ripen and expe1 their contents sorne 1itt1e time oefore 

the ovaries; and in the more comprehensive scheme of Ghirardel1i the 

most sexua11y ripe individua1 (Stage IV) is characterised by tai1 regions 

devoid of sperm and ova> ful1y deve1oped, of a polygonal shape, and with 
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small granulations around the nuclei. For the purposes of this study 

Ghirardelli's stage IV was accepted as the only réliàble evidence of 

breeding condition. 

Sagitta enflata: There is also some question as to whether the animaIs 

die upon once producing eggs (Dunbar, 1941). Stone (1966),however, 

conc1uded the y are apparently iterparous; sorne species spa\m once per 

year, others, including S. enflata, spa\VIl several times or continuously 

throughout the year, depending on the'animal's geographical location. 

The results of this survey concur with Stone's findings: the breeding 

period may be long or short but \-1i thout any obvious rhythm or being 

restricted to any particular time of the year. For instance, at 3J 

S. enflata was taken with mature eggs in eleven consecutive months from 

February 1963. At 2J S. enflata was taken with stage IV eggs from ' 

December 1962 through March 1963 and in odd months after that. The 

combined results from these and the other two stations provide a 

picture of continuous breeding. 

Continuous breeding can be produced either by closely succeeding 

or overlapping generations or by individuals in a protracted breeding 

condition. If the first method applies, then variations between 

generations should show up in the monthly samples, that is,in any one 

generation variations in length of mature individuals should be less 

than the mon th to month variations. The size of stage IV egg bearing 

adults in any one sample varied greatly from 12 to 33 mm. Stone also 

found a similar range in length classes of breeding individuals of 

S. enfla ta (7 to 20 mm) in the Aghulas current off South Africa. This 

wide range in sizes suggests that there might,be different age classes 

among adults and that the animaIs may continue growing and breeding for 
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protracted periods. Owre (1960) also accepted the differences in 

length classes of S. bipunctata off Miami as evidence of several cycles 

of reproduction. Alvarino (1965) advises caution is such assertions 

because the location of'"Niami admits of.immigration from several 

regions where maturity is reached at a different size range. This 

criticism is hardly admissible for the sheltered harbour waters of 

the 3J station. 

Breeding stages for the other two species of chaetognaths were 

sporadically distributed in time at any one station but combined data 

strongly indicated that mature ovigerous individuals could be. sampled 

from the area during any month of the year. 
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Decapods. 

Lucifer faxonii This species also appears to be a continuous 

breeder. Since L. faxonii occurred in su ch large numbers at stations 

2 and 3J and was spatially separated fromL. typus (at lJ), the larval 

forms found at the harbour stations were assumed to be those of 

L. faxonii; these could readily be arranged in seriaI or der to provide 

a complete life history of the species. Eggs could only be identified 

with certainty when carried by the adult female - those found loose in 

the sample were indistinguishaole from those of s. enflata and other 

animaIs. However, the slightly older egg with nauplius larva could 

be separated easily, as also the free metanauplius and other stages. 

Nauplius and metanauplius were never taken in large numbers but in view 

of the great abundance of the later stages it could be assumed that there 

was a rapid transition from these earlier stages - probably no more than 

24 hours (Brooks, 1882). 

At 2J females in berry and males and females with spermatophores 

were observed in June, October and December of 1963, and in April and 

June of 1964 but zoea, mysis, mastigopus and adult stages were taken in 

every haul from December 1962 to November 1964. At 3J ovigerous females 

were observed in June, July, August, and December of 1962, in Aptil and 

Cctober of 1963, and in January, February, March and May 1964. Again aIl 

stages from zoea to adult were present in every haulfrom April 1962 to 

November 1964. 

Cn the basis of this evidence of egg bearing adults, breeding woüld 

seem to be sporadic with no recognisable pattern in temporal distribution. 

It is possible that egg bearing periods of short duration were missed and 

that the indifferent mixture and abundance of later developmental stages 
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represented overlapping generations. Moreover, the continued 

abundance of both auvenile and adult stages strongly suggests a 

steady input of new individuals. 

On combining data from the two harbour stations it turns 

out that females in berry were taken in every month of the year 

except August, September and November. 

70. 
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RELATIONSHIPS BETWEEN PRIMARY AND 

SEOONDARY PRODUCTION 

71. 

As stated in the introduction, one of the aims of this study i8 

to establish, if possible, relationships between primary and secondary 

production. The dynamics of any ecological system is always more 

difficult to determine than the effects of the system, and the question 

of the productivity of tropical waters relative to temperate and Arctic 

boreal waters cannot be satisfactorily resolved until the dynamics ot 

these tropical systems are understood. 

During the process of counting the zooplankton, an apparent inverse 

relationship between zooplankton numbers and phytoplankton density was 

observed, that is, whenever the sample looked like a thick green soup 

there were relatively fewer animals to be counted, and these were mainly 

larval forms. A clean, clear sample was generally associated with high 

concentratior. of zooplankters, especially copepods. Thase observations 

were similar to the findings of Marshall and Orr (1930) in Loch Striven, 

Moore (1949) in the North West Atlantic, and Harvey et al (1935) off 

Plymouth. This reciprocity of relations in phytoplankton-zooplankton 

populations was most obvious at the 3J station. Sorne attempt will 

therefore be made to e1ucidate the nutrient-phytoplankton-zooplankton 

relationships. For this purpose use will be made of the results of 

nutrient chemistry and primary productivity measurements determined by 

Steven et al (1965) concurrently with the zooplankton measurements. 

The results for all four stations are summarised and reproduced in 

Table 20 though this section is primarily concerned with results from 



72. 

(
".\ ., , 

TABLE 20. 

Average values and standard errors of nutrient chernistry and prirnary 

productivity rneasurernents at stations 1-4J (reproduced from ONR 

report,.Beers et al, 1965). 

n lJ n 4J n 2J n 3J 

C14 20 2.84 26 15.32 26 58.23 26 117.52 

rng/m3/day .74 3.20 8.01 21.0 

Ch1orophyll !!. 20 0.10 25 0.28 25 0.85 25 1.88 

mg/rn3 0.01 0.02 0.06 0.19 

(' 
Phytop1ankton 20 32.2 22 58.5 22 136.7 21 1351.0 

cells/L x 103 7.8 14.1 17.1 288.0 

Phosphate-P 18 0.023 26 0.054 26 0.084 26 0.232 

ugA./L 0.003 0.005 0.006 0.091 

Nitrite-N 19 0.012 26 0.036 26 0.056 26 0.155 

ugA./L 0.002 0.012 0.018 0.057 

Nitrate-Nitrite-N 18 0.12 25 0.53 26 0.78 26 1.14 

ugA./L 0.02 0.15 0.27 0.355 

Silicate-Si 18 1.57 26 2.55 25 3.49 26 10.70 

ugA./L 0.09 0.24 0.28 1.93 

O· 

.. -------_ .. -----._------
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station 3J. 

The annual range in surface tcmperature is small, 26.1 to 29.8°. 

In salinity too the amplitude of change was small; the:yearly.range.is 

from·34.2 to 36.4i~ Marked decrease in salinity following flood rains 

was usually accompanied by an increase in nutrient concentrations and a 

drop in both plant and animal numbers, but re.covery was rapid and marked 

by phytoplankton blooms. 

Because there are su ch slight station-to-station and monthly 

differences in the temperature, salinity and radiant energy, these 

conditions can be regarded as constant or non-significant fixed level 

environmental factors. It is in the nutrient levels that significant 

temporal-spatial changes are most obvious. 

Nutrient chemistry. The concentrations of inorganic nutrients were 

generally low throughout the year in comparison to values.obtained for 

temperate and arctic latitudes, but they show the same offshore-inshore 

gradient as the other parameters studied, i.e. lJ 4J 2J 3J. At 2J 

there was on the average 2.2x as much silicate 3.6 x P04-P and 

6.5x N03+N02-N as at lJ, while at 3J the corresponding ratios are 6.8, 

9.5 and 10 respectively. The effects of these higher nutrient 

concentrations are reflected in higher production levels. The results 

for 3J, being subject to slightly wider variations, depict this most 

clearly. Figure 14 is a graphie representation ·of the results for two 

nutrient substances and of the phytoplankton counts. The points that 

emerge from this comparison are : 

a) the ratio of nitrogen to phosphorous is about 5:1, i.e. less than 

the expected value of 8:1 (Rayrnont). 

. ......•..•.• .'--....---..",------
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b) The month1y fluctuation in the concentrations of the two substances 

are coincident, which suggests a coup1ed cycle of utilisation. 

c) Phytop1ankton concentrations vary inverse1y with N and P. 

It is a genera11y accepted be1ief that nutrients, especia11y the 

nitrates, 1imit production in the tropics. To exp1ain more fu11y the 

ide a of nutrient-phytop1ankton-zoop1ankton re1ationship, a brief 

recapitu1ation of the conceptua1 mode1 as proposed by Marshall and Orr, 

Buzzati-Traverso and others (Bogorov, 1958) will be made here. 

1 

Time 

Figure 15. C1assica1 mode1 of temporal relationships between 

nutrients and phytop1ankton concentration. 
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() The classical model (Fig. 15) for the relation that exists between 

nutrient material and phytoplankton bloom isone that produces an 

alternation of positive and negative correlations. A bloom is triggered 

by the sudden availability of nutrient substances and the coincidence of 

optimal light and temperature conditions. The peak of the bloom (i.e. 

when dP = 0, according to the Fleming 'equation quoted by Raymont) is 
dt ' 

achieved when the nutrient material is exhaus,ted or the rate of depletion 

of the phytoplankton balances out th~ rate of reproducticn of ~he cells. 

The rising zooplankton population, which at this time exhibits a positive 

correlation ltlith th~ phytoplankton population., reaches its peak at some 

time interval after that of the phytoplankton'. When the zooplankton 

peak is reached the phytoplankton is already on the decline. Indeed 

the zooplankton numbers might yet be at their height when the phyto-

plankton production is at its lo\vest ebb. The inevitable wane in 

zooplankton sets in, and, depending on the rate of factors of regeneration 

of nutrient substances, the two troughs in production might coincide, and 

" 
" then the cycle repeats itself. 

It must be realised that the extent of the phytopla~kton bloom is 

limited by minimal concentration of any one of the vital substances (Liebig 

Minimum Law quoted by Hardy, 1962); that the rate of exhaustion and 

replenishment will be subject to variation of factors other than the rate 

of cell multiplication, that is, their concentration is determined by' a 

combination of biological transformation and physical translocation in 

much the samc way as the phytoplankton crap ls controlled; and that the 

ideal relationship between the two nutrients and phytoplankton would be a 

~ . o phased periodic function. 

At a cursory glance the data presented graphically in Fig. ll~ 

do, not cor.respond to the type of relationship ex.l'ressed in Fig. 15. 
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() 
This is a very important result of these investigations. The 

relationship expressed in Fig. 15 is representative of conditions of 
\ 

high latitudes which are exposed to more pronounced extremes of 

seasonal variations and where energy cycles encompass relatively wide 

time intervals. The type of data presented in Fig. 14 reflect a 

telescoping of seasonal extremes and energy cycles. The cycles of 

production' here are much smaller and more numerous over any year period 

than those for higher latitudes and there is no way of determining from 

the data at what points in the respective cycles the absolute figures 

represented here were taken. 

This sort of data is not subject to any simple mathematical 

manipulation. No meaningful correlation coefficient can be extracted. 

(': In any case, each increase and subsequent decrease does not in any sense 

fit a normal frequency distribution or a binomial or Poisson distribution, 

so that the product-moment coefficient methods are inapplicable. One 

could perhaps, perform a periodogram analysis on both nutrients and plankton 

and then carry out sorne sort of chi-squared test to see if the two periodic 

functions are the same, but with somewhat random variations in wave-length 

and amplitude, such an analysis would be formidable, and the whole operation 

would be statistically doubtful. In theory this problem is a case of the 

classical "Volterra fluctuations", but since the fluctuations are not 

isochronous and have varying amplitude, a Volterra analysis would be so 

mathematically formidable that one could scarcely attempt it. One 

presumes that the periodic fluctuations in nutrients and the effect of 

the one upon the other would produce a curvilinear relationship. 

() A close approximation of this relationship is depicted in Fig. 16 
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and Fig. 17, which are plots of phytoplankton numbers as a function of 

phosphate-phosphorous and total nitrogen at 3J. The similarity of the 

two regression lines on the same function serve to reinforce the 

ob.servation that there is a connnon factor regulating the concentration 

of both these nutrient substances., The curvilinearity of both lines 

also suggests a direct relationship that could best be represented by the 

equation y = a + ~, where y = phytoplankton numbers, a = minimal value of 
x 

nutrients supporting pulse or minimal value for phytoplankton numbers and 

x = nutrient concentration. 

It was not possible to work out minimal concentration figures, but 

the observed minimal values for both phy~oplankton and nutrients were 

substituted instead. For the phytop1ankton, this value turns out to be 

1000 ce1ls per litre at the 3J station. Substituting this for a in the 

equation y =~, and setting the value for b as 200 (this is an approximate x -

value derived from a rough, solution of the equation) the broken curve in 

. Fig. 17 is obtained. The broken line represents the calcu1ated curve, 

whi1e the continuous line is the best fit to the raw data. The group of 

points in the lower 1eft hand corner representing low concentrations of 

both substances may be exp1ained by the lag-oscillations in the system. 

If this is accepted and also that the fitted curve is a fairly good 

solution to the equation, then it is reasonable to assume that a 

correlation, (though not necessarily a causal relationship) exists between 

nutrient and phytoplankton leve1s, and that the variations in time 

sequences and amplitude are due to the interaction of a host of biotic 

and environmental parameters. 
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() Phytoplankton-zooplankton relationships. 

Since the copepods are the dominant group of animaIs at aIl four 

stations and aIl the species taken in large numbers are mainly 

herbivorous, they may be treated as the primary exploiters of the plankton. 

The cyclic changes in copepod densities and food abundance~è represented 

in Figs. 18 and 19, Fig. 18 shows the generally inverse correlation 

between total copepod numbers and primary production as determined by C14 

uptake. In Fig. 19 phytoplankton densities are plotted against the 

density of a single species; paracalanus acu1eatus is a sma1l, surface-

loving phytophagous calanoid which is especia1ly numerous at 3J. The 

species has shown itself at both harbour stations to be very sensitive to 

environmenta1 changes. Changes in its population size are therefore 

( ) 
probably a good index to the interrelationships of these two trophic 

levels. 

The relationship between primary production and copepod numbers as 

shown in Figs'. 18 and 19 is Clearly not like the model but essentially 

simi1ar to that adduced for nutrient-phytoplankton levels. Departures 

from the model may be attributed most proximately to 

a). sampling intervals which were too widely spaced in relation to the 

growth cycles and therefore missed subtle refinements in the system. It 

is recognised that if these intervals were shortenedthe graph picture 

could be altered either way. 

b) copepods are not the only phytophagous forms : others, for example 

cladocerans, larvacea and decapod larvae are abundant, and inclusion of 

these would raise the animal numbers graph on the page. However, the 

(') copepod population is subject to predation by other members of the 

J 

J 
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holoplankton, notably Sagitta species, coelenterates and other copepods. 

Only if aIl these factors could be properly adjusted would the true 

picture emerge. 

Despite these departures, however, it is maintained that fairly 

good approximation of the ideal model is achieved at 3J. 

Conditions at other stations. 

This picture of extended relationships between nutrient levels and 

the two levels of trophism is r.ot so. obvious at 2 and 4J. The values 

quoted in Table 20 shoW tha.t:. no.ne of the obse'rved fa.c.tf'l_ agt;~es: .wi~h .. 

the expec ted resul ts; . the ni trogen -phosphorous ratio aI: e.~ch station: is 

more than8:1 (Ra)irnont,.1963);, the quantities present vary randomly 

with respect to one another and with primary production. These 

findings are not surprising. It has already' been mentioned that these 

two stations; especially 2J, are areas of great mixing and, in the words 

of Raymont "The concomitant changes in nutrient and diatom density often 

cannot be follo~.;ed in the open sea, since mixing processes obliterate 

the relationship". 

At IJ where production at aIl levels is lowest, the picture in. 

surnmary appears to. be one of a low grade continuous production with 

small oscillations and a rapid turnover of nutrient materials by 

organisms in a constant reproductive state. The average nutrient 

values at 3J are about ten times that at lJ, yet both primary production, 

and secondary production as measured by zooplankton volumes, weight and 

species counts, are approximately 40 times as great as the y are at lJ. 

The nutrient concentrations that obtain at IJ are obviously ab ove the 
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( ) dilution minimal for the support of a phytoplankton population. Yet 

species populations of both the flora and fauna at IJ are relatively 

so very smal!. It is likely that when the concentrations of nutrients 

together reach the limits necessary to set off a phytoplankton pulse, the 

total amount of substances, singly or combined, is insufficient to 

sus tain the bloom through a period long enough for the maturation of the 

juvenile stages of the fauna. . There might, therefore, be a high 

juvenile physiological mortality and, in that case, there wauld not be 

enough individuals to take advantage of the next bloom. These results, 

along with those of the br~eding habits, indicate a very complex 

nutrient-phytoplankton-zooplankton relationship. 

( 
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DISCUSSION 

Volumes 

Comparison with volumes in other areas. 

Becau$e of differences in methods used in collection, treatment of 

material and presentation of results, it is not easy to effect 

comparisons of available quantitative data. Many authors merely 

record the number of individuals/m3 of wate.r, some per unit time of 

tow, some differentiate stages of development, whereas others consider 

onlyadults. Many authors indicate total weight or total vOlume/m3, 

whereas others refer this value to the water below one m2 at the 

surface (Bogorov, 1958). The volumes of zooplankton recorded here 

are in reference to the number of cubic meters towed. The tows were 

timed but the time values are valid only at. 1 and 4J stations. The 

mean volumes of zooplankton in cc/m3 of water filtered are as follows 

Ratio 

lJ 

Caribbean Sea 

.02 

1 

4J 

Shelf 

.04 

2 

2J 

Harbour head 

.46 

23 

3J 

Harbour basin 

.82 

41 

Clarke in 1940 reported ratios of 1:4:16 for the Sargasso Sea, slope 

and shelf of the American seaboard and Grice and Hart in 1962 obtained 

ratios of 1:4:12 for the same areas. The mean volume value obtained 

by Grice for the Sargasso Sea is the same as that obtained here for 
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the Caribbean Sea - .02 cc/m3 at lJ and this value ls of the same order 

,of values reported by Clarke for the European side of the Atlantic Ocean 

and Baltic sea - .01-.02 cc/m3 . In the Gulf Stream displacement volume 

determinations yield similar values, .02-.03 cc/m3 . Bsharah (1957) 

has reported two- to three-fold increase in zooplankton in the upper 

600 m of the Florida current off Miami in the period March to June,and 

he thinks this constitutes a seasonal peak for the area. The mean 

values derived from 26 monthly samples from Barbados (Beers, Steven 

and Lewis, 1965) is .12 cc/m3 . This is six times average values 

obtained by other workers in the tropical North Atlantic. The 

composition of the Barbados plankton has not been determined but Clarke 

included salps in his volume determinations while Grice excluded salps 

(which he found unusually abundant) from his measurements. However, it 

is believed that Orinoco River and Amazon River drainage contribute to 

an increased fertility in the Barbados area of the Caribbean. All 

volume measurements obtained in this study exclude the larger medusae 

that otherwise make harbour values even higher. 

The values estimated for 3J are more strictly comparable to those 

derived by Deevey (1952) for Block Island Sound, but for the purposes 

of comparison with results obtained by Grice and Hart, Clarke and St. 

John (1958 quoted by Grice) the two harbour stations are classified as 

neritic waters. 

Temporal variations in volumes in the neritic Jamaican waters are 

of a much lower order than those in the area of Grice's study. The 

highest value obtained for a single tow by Grice was 13.64 cc/m3 and 

minimum value was .12 cc/m3 . This gives a variation ratio of 1:129. 
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Despite this wide variation, mean values for aIl neritic areas was .24 

cc/m3. At 3J the highest (washed) value was 3.98 cc/m3 and the lowest 

.10 cc/m3 (which represents a variation factor of 1:40) and mean value 

was .82 cc/m3. These values attest to the high productivity of Kingston 

Harbour waters; on the average they were 4.5 to 5.75 times those of slope 

and 1.5 to 4 times those of the shelf waters in the area of Grice's study. 

Numerical abundance. 

Density of zooplankters per unit volume from each of the four 

stations appears to be higher than values obtained by Grice and Clarke 

for higher latitudes on both sides of the Atlantic. The highest value 

of 240l/m3 obtained from neritic waters by Grice and Hart in July of 

1961 was less than the lowest value for the 3J station - 3878/m3 for 

June of 1964. The values from 3J are much closer to those reported 

for sheltered estuarine waters in the region of New York. Deevey's 

(1952) estimates for Block Island Sound, based on a no. 10 net 

collection varied between 5000/m3 and 34,000/m3, At '3J the range in 

densities was 3818 to 40,967/m3 with an average of l5,799/m3. 

It has been established that partially enclosed inshore waters 

normally support high zooplankton populations; among the benefits 

accruing from such enclosed systems might be mentioned the limitation 

of high tidal movement and water exchange in so far as this serves to 

limit dilution of high nutrient concentrations accruing·from land ·effect. 

Station 2J numbers are even more impressive.by comparison with 

those quoted above. The mean density value is l6,722/m3 with minimum 

and maximum of 1,389 and l06,612/m3 respectively. The variation factor 

is 89; but this maximum density which so heavily weights the average 
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value is more th an three times the next nearest number, and was due 

almost entirely toa phenomenal population burst of the cladoceran 

Penilia avirostris which comprised 85% of the zooplankters for that 

haul. 

The numerical abundance of zoop1ankters at 1J was not so variable. 

Minimum, mean and maximum values are 145, 823 and 2445 respectively, 

giving a variation factor of 16. However, these figures are much 

higher than thoseobtained by Grice in the Sargasso Sea, minimum 181m3 

and maximum 128/m3. Fish (1954) re,ported a yearly average of 239/m3 

zoop1ankters in the Sargasso Sea at a station off Bermuda: According 

to his data the total number of zooplankters varied from 151m3 to 600/m3 

with a well defined augmentation period in Hay-June. Although the 

var~ation at 1J was less dralnatic, there was a significant increase in 

numbers in October of each year which may be associated with the local 

wet season for reasons already discusst::d. Other peaks in numbers 

occurred in June and July of 1963 and January and Narch 1964'.' 

Seasona1ity. 

The apparent 1ack of seasonal'patterri in the. ' fluctuation of 

variables seems a1most to be the theme of these observations and resu1ts. 

Referenceto Fig. 3a shows that at 3J there appeared to be a graduaI 

increase in plankton volumes during the 1ate IIsummerll months and 

lIautumnll of 1963, followed by a graduaI decline during the IIwinter" 

months and "spring". A similar development can be noted for station 

2J on1y that here the peak in standing crop~as measured,by volumes,is 

somewhat displaced on the time axis, occurring in February 1964 and the 

decline continues until June (1964). Unfortunate1y, the high density 
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of phytoplankton and easy clogging of the nets at 2 and 3J made tows 

taken before February 1963 very unreliable for comparative studies, but 

at stations 4 and lJ it was possible, on the basis of average meter-

wheel readings for metered tows to extrapolate values for the non-

metered tows. As the resultant mean displacemant volume was unaffected 

by inclusion of the unmetered tows their inclusion for comparative 

purposes was considered defensible. 

4J lJ 

Average displacement volume for 
metered tows = .0432 .0212 cc/m3 

Average displacement volume 
.0212 cc/m3 including non-metered tows = 0.431 

At 1J these extrapolated values provide for the period March 1962 to 

March 1963, a picture similar to that found in the harbour; for the 

period 1963-64 this picture breaks down completely and the peak in standing 

crop (and indeed a record value) for this station for the period under study 

was in January 1964. At 4J fluctuations in volumes are so completely 

randomly distributed in time as not even to give a semblance of 

seasonality. 

The sarne randomness is apparent in both species abundance and 

population densities. At station lJ, in January and February of 1963 

low volumes were associated with low copepod species abundance (10 in each 

case) and low species population, average 431m3 and 103/m3 respectively. 

The sample for January.1964 contained 16 species of copepods of which 

Undinula vulgaris (380/m3) and Farranula gracilis (404/m3) were the highest 

percent coniributors. A very high volume measurement .104 cc/m3 was 

associated with this population outburst. Again in October 

J 

1 

1 
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of 1962 nineteen species contributed to a copepod population whose 

total mean density was l574/m3. To this population three species 

a10ne contributed 91.8% - paracalanus aculeatus with 1085/m3, 

Farranula gracilis l88/m3 and Undinula gracilis l73/m3 . 

Again in October 1963 the total copepod density at this station 

was 2067/m3. The hig~est single contributor was Farranula gracilis 

826/m3 . Five other species had densities of more than 100/m3 ~nd 

mean species .density was l72/m3. 

Thus it may be seen that there is no obviqus consistent pattern 

in the occurrence of the species or the size of their individual 

population. High copepod densities may be due to concurrent 

population burst of a few species or to the cumulative effect of a 

relative1y large number of small populations. 

Since the four stations under study are subject toidentical 

climatic variations, it would b,e reasonable to expect that the effects 

of such variations would express themselves in coupled oscillations in 

sorne measurable attribute of standing crop. The fact that the 

oscillations at four stations are neither coupled nor phased along 

the time axis strongly suggeststhat climatic conditions can be regarded 

as steady state environmental factors, and that the factors determining 

production are of very local nature. 

In the Sargasso Sea Grice (1962) could find little evidence of 

seasonal fluctuations, though admitting his observations were widely 

spaced in time (monthly observations). Clarke (1940) also found no 

seasona1 fluctuations in samples from the Sargasso Sea. But Moore 

(1949) reported maximum zooplankton volumes in May to June and minimum 
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in October, in waters off Bermuda. Resu1ts obtained by Menze1 and 

Rhyther (1961) from a station 15 miles off Bermuda corroborated Moore's 

findings. Their resu1ts were extracted from three years collections 

taken fortnight1y. The results derived by Lewis (1965) from month1y 

collections over three years from a station near Barbados give some 

indication of seasona1 productivity. On the basis of dry weight 

measurements reproduced in Table 2~,three distinct maxima cou1d be 

detected in the 1ate "winter" (January-February) of three successive 

years, and a1though there is not a good correlation between dry weight 

and volumes, (owing", no doubt, to changes in zooplankton composition) 

these peaks are ref1ected in the volume measurements as we1l. There 

also appears to be a subsidiary maximum in midsummer; this is quite 

clearly marked in July of 1963 and less distinctly so in July of 1962. 

But there are too many gaps in the collections to establish the 

authority of such conclusions. From the data available it is difficu1t 

to distinguish between real "peak" and "trough" periods. For instance, 

the period October to November of 1962 was marked by a "trough" in 

production, whereas yields for the corresponding period in 1963 were 

hardly distinguishable from those of the so-ca11ed high-producing period 

of January to February of the same year. The amplitude of variation in 

both volume and dry weight measurements from this station is of the or der 

of 12-15 (compare 129 for North Atlantic), so the seasona1 pattern 

becomes somewhat blurred in a series of random1y ranging samp1es. 

In a previous paper Lewis ~ al (1962) had worked out from a 

series of semimonthly 30 minute tows, marked, seasonal variation in 

catch volumes, with peaks occurring in the summer of each year of 

investigation (1959 and 1960) and definite troughs in the winter months. 
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(J The abundance of zoop1ankton in terms of volume and dry weight 

at Station lB off Barbados (reproduced from ONR report, Beers et al, 1965). 

Station Volume 
Number Date Disp1acement Dr:t Weight 

(CC/m3) (mg/m3) 

1 28 November, 1961 0.25 8.97 

2 14 December, 1961 0.16 6.01 

3 17 January, 1962 0.43 22.62 

4 22 February, 1962 

5 21 March, 1962 0.08 3.51 

6 18 April, 1962 0.05 2.13 

7 22 May, 1962 

() 8 18 June, 1962 0.04 2.61 

9 5 Ju1y, 1962 0.10 3.98 

10 23 October, 1962 0.03 3.29 

11 28 November, 1962 0.03 2.15 

12 29 De cember , 1962 0.06 2.98 

13 30 January, 1963 0.17 10.83 

14 27 February, 1963 0.18 4.61 

15 27 March, 1963 0.13 6.14 

16 25 April, 1963 0.10 3.27 

17 28 May, 1963 

18 10 Ju1y, 1963 0.24 9.17 

19 9 August, 1963 0.04 1.77 

20 27 September, 1963 0.14 5.56 

C) 21 240ctober, 1963 0.13 3.60 

22 28 November, 1963 0.08 4.72 

._--_._------- - -- --------
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Table 21 - eontinued 

Station 
Number Date 

23 6 January, 1964 

24 13 February, 1964 

25 12 Mareh, 1964 

26 16 April, 1964 

27 14 May, 1964 

28 18 June, 1964 

29 14 Ju1y, 1964 

30 20 August, 1964 

31 14 September, 1964 

32 15 Oetober, 1964 

Volume 
Disp1acement 

(CC/m3) 

0.07 

0.19 

0.12 

0.06 

0.08 

0.05 

.. _--_._--_._ ... -. 
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Dry Weight 
(mg/m3) 

6.91 

13.88 

8.55 

2.37 

2.49 

2.81 
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The seasonal influence could be detected in all the major taxa except 

the copepods. This is in contradiction to the conclusions drawn from 

results obtained 1962 to 1964. ~imed tows, even supposing the plankton 

remained constant, would vary with the speed of the boat and the 

direction of the wind. To effect any real comparison of the data, 

correction would need to be made for these variables. 

Coker and Gonzalez (1960) working in S. Puerto Rican waters on a 

problem similar to the Jamaican one also could detect no overall 

seasonality. In a two year period of study two autumn maxima and two 

spring minima were discerned for two species, Oithona simplex and 

Euterpina acutifrons, but for this result they have not ruled out the 

possibility of mere coincidence. Menon (1945) reported that on the 

Trivandrum coast of India copepods become abundant in October and that 

a regular succession of maxima occurs from December to March for Oithona, 

Acartia and Paracalanus. Temora however is rare from December to 

February, but becomes abundant fromApril to May. The harpacticoid, 

Euterpina, reaches its maximum somewhat later in July. From the study 

of areas in the Indian Ocean 1935-38, D.B. Sundara (quoted by Bogorov) 

could find no conspicuous maxima during the years, but states' that a 

certain increase in the zooplankton corresponding to the'biological 

spring'corresponds to the calendar winter. 

Thus the results vary somewhat but underscore the tendency towards 

a more even seasonal distribution of zooplankton in the lower latitudes. 
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Species distribution. 

On resuming discussion of the question of increasing sparsity of 

species shorewards it is pertinent here to note that Grice and Hart 

found a simi1ar situation in their transect study from New York to the 

Sargasso Sea. Imp1icit in their discussion is the i~ea that the large 

differences in numbers of species stemmed from the fact of climatic 

differences in the waterssamp1ed, that the decrease of species inshore 

is a logical consequence of its higher latitude. They quoted the ideas 

of Fischer (1960) and Dunbar (1960) as supporting evidence for the idea 

that diversity of species in tropical waters is the product of a long-

term environmental stability and niche diversification. But here in a 

comp1etely'tropica1 setting, over a short horizontal distance, with 

relatively stable environmental conditions and negl'igible latitudinal 

difference of on1y a few minutes the same pattern is repeated. Coker 

and Gonzalez (1960) also found the same situation in a transect study 
1 

off s. Puerto Rico - 21, 17 and 13 copepods. It may be argued that the 

more limited areal extent of 3J does not offer as much scope for niche 

diversification, in other words space wou1d be a 1imiting factor. This 

has to be considered against the fact that the total population of the 

numerous species offshore is only a small portion of the total population 

of a few species inshore. Grice and Hart think that intraspecific 

competition is more important in population regu1ation. 

Density of species at the zooplankton level may be control1edmore 

immediately by interspecific competition at the phytoplankton 1eve1. 

In the equilibrium condition suggested for tr.opica1 waters the most 

immediate1y important variable is nutrient material. With a large 
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('" number of phytoplankton species ail needing the same basic substances, 

phytoplankton species population sizes will be limited most proximately 

by the supply of these substances. If in turn animal species are 

very specialised in their feeding habits (cf. Deevey 1960 for two 

species of copepods found in the Sargasso Sea near Bermuda) a large 

number of species with small pppulations will be the result. In areas 

where a large number of variables are important (such as temperature, 

salinity plus nutrients) each variable as it passes to optimum value 

will alter the direction of change in the others so that there will be 

either a succession of species with varied or graded requirements or 

the dominance of a few species with a wide range of tolerance for change 

in the values of the determinants. When the number of variables is 

( limited to one, there are two likely situations arising out of diversity 

of species at the plant level (a) many species with specialised food 

preferences capable of coexisting without successions; (b) few species 

with generalised food habits. The long term environmental stability 

postulated by the many authors provides the ideal milieu for speciation 

and, if the specific differences are related to feeding habits, the 

situation at lJ becomes very likely. Only by evolution of specialisation 

are several closely al lied species able to occupy and exploit a single 

habitat (Hartley, 1953). Tentatively,this argument (a) seems to apply 

to the open ocean, as represented by IJ. With small variations of 

community factors except in nutrients and a large number of phytoplankton 

organisms (38 'species - as many as the free living copepods) depending 

equFlly on the same inorganic substances a considerable number of 

zooplankton species have evolved. The full potential of the plant level 
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c: ) 
of production is not expressed in absolute amounts at any one time 

because the phytoplankton is being removed from the surface waters 

approximately as fast as it is produced by zooplankton grazing and 

by redistribution of the population. Menzel and Rhyther (1960-61) 

have found in their studies of plankton near Bermuda that near1y 100% 

of the production is used by the zooplankton. A significant point 

emerging from the population statistics of the area is that percentage 

of carnivorous species (siphonophores, chaetognaths, amphipods, 

euphausids and carnivorous copepods) is much higher at lJ than at 3J. 

Even small cyclopoid copepods such as Oithona, seem to be graspers of 

either detritus or anima1s (see also Coker and Gonzalez, 1960). This 

suggests that as fast as energy is fixed at one level it is transferred 

( ) 
) 

to the next higher trophic level and there is 1ittle or no wastage. 

This equilibrium situation reinforces environmental equilibrium to 

characterise the situation at lJ as a very stable ecosystem. 

The second pathway to stability seems to be the one operative at 

3J. According to Dunbar (1960) the supply of nutrient salts in tropical 

waters is limited to (1) regeneration within the euphotic layer and (2) 

to such quantities as can enter any given area from outside by horizontal 

transport. These two sources have to maintàin the equi1ibrium against 

constant loss from the system of sa1ts contained in detritus which~sinks 

out of the photosynthetic area before it is mineralized. Owing to the 

sha110wness of the water and the 'convective' mixing caused by the 

upwe1ling of bottom current at 3J, the stability of the system as far as 

nutrients are concerned, is enhanced. Dunbar also discussed the effect 

of greatly varying environmenta1 oscillations (temperature, salinity, etc.). 
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Of the areas studied 3J was subject ID the greatest 'salinity variations. 

It has been suggested that these variations make the harbour waters a 

more vigorous environment. Goodbody (1961) has discussed mass 

mortality of fauna in the mangroves off Kingston harbour resulting from 

heavy rainfall concentrated over a few days and the concomitant fall in 

salinity. But such dilutions extend on1y to about 67 cm. below the 

surface and quickly drain off to the open sea. Against this may be 

advanced the conclusions of Coker and Gonza1ez (1960) that breaks 

caused by rare occurrences such as severe storms or heavy rainfa1l change 

the plankton picture for on1y brief periods at a time and that their 

in-harbour station maintains a high degree of stability throughout the 

year. An increased stabi1ity is also associated with land drainage 

(Riley, 1947), and of the four stations 3J benefits most directly from 

land drainage. For these reasons, the stability of inshore waters is 

possibly greater than that of offshore, altogether permitting a high 

degree of exploitation of materia1 resources. With greater 

environmental stability, 1ess energy is required for regulatory 

activities, that is those wnich counter the challenges offered by 

environment, therefore more energy is al10cated for net productivity, 

that is growth and production, with the result that larger populations 

are supported (Conne1 and Orias, 1964). 

The zoop1ankton cornmunity at 3J contrasts with that of 1J by 

having a larger number of obligate herbivores. AU the copepods 

except the pontel1ids (4 species occurring in very sma1l numbers and 

only occasionsa11y) are herbivores and this li st is supplemented by 

other species occurring in large numbers such as 1arvacea, cladocerans, 

---------------------------
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the decapod Lucifer and veliger larvae. An equally large number of 

phytoplankton species occurs inshore as offshore. 

McArthur (1956) has suggested that the number of possible pathways 

of energy flowing through a food web is a good measure of its stability. 

A small number of species each eating a wide variety of other species 

could have the same community stability as a large number of species each 

with a fairly restricted diet. These two stations would appear there-

fore to represent stable ecosystems of different types. 

Though the foregoing might provide plausible explanations for the 

staoility o~ __ the two areas under discussion it does not satisfactorily 

explain the exclusion of species from the respective areas. It could 

be that lJ (oceanic) station has reached its maximum diversity but that 

seems unlikely when it is compared with the 268 species of the Sargasso 

Sea to which it is comparable in so many other respects. 

Coker and Gonzalez (1960) concluded fnom their study of Bahia 

Fosforescente (an enclosed area very similar to the Kingston harbour) 

that although inshore abundance of food could insure greater propagation 

other factors incumbent on the reproduction and survival of the species 

might make the environment too highly competitive. Moreover the 

consequent high multiplication rate of the successful copepods could 

intensif y competition faced by other groups. 

----_.------_._----------, 
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Summary and conclusions. 

1. Quantitative zooplankton samples and hydrographie data were 

collected monthly at four stations located in the oceanic, shelf, 

harbour mouth and harbour basin waters of the Caribbean sea off 

Jamaica from March 1962 to July 1964. 

2. All measurements were higher for the harbour stations than 

for the shelf and oceanic stations. 

3. a) 

b) 

The mean displacement volume. (cc/m3) for each area was 

oceanic (lJ) .02; shelf (4J) .04; harbour mouth (2J) .46; 

harbour basin (3J) .82; thus establishing an offshore-

inshore gradient of ratios 1 : 2 23 : 41. 

Dry weight measurements followed a similar trend to the 

volumes. Mean values were, in the order quoted above, 

3.30, 8.28, 74.72 and 151.82 mg/m3 , giving ratios of 

1 : 2.5 : 22.5 : 46. 

c) Zooplankton numbers were much larger at the harbour stations 

than at the shelf and oceanic stations but did not quite 

duplicate the ratios of the other two determinations. Mean 

values pe.r m3 were oceanic 823; shelf 1600; harbour mouth 

16722; harbour basin 15797; giving ratios of 

1 : 2 : 20.3 : 18.6. 

3. The species composition of the taxa identified were as 

follows : 

----,.---------------------------
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Copepods 45, inc1uding 5 parasitic species. 

Coe1enterates 22, 10 medusae and 12 siphonophores. 

Foraminifera 6 

Amphipoda 4 

Larvacea 3 

Chaetognaths 3 

C1adoceran 2 

Euphausids 2 

Sergestids 2 

Pteropods 2 

4. Eighty-seven species were identified from oceanic waters, 84 from 

she1f, 77 from harbour mouth and 66 from harbour basin. Copepods were 

the most important constituent of the zoop1ankton in ail areas but most 

important at the she1f and oceanic stations. Of secondary numerical 

importance were fish eggs at 1J, larvae at 4J, cladocerans at 2J and 

Larvacea at 3J. 

5. There are no obvious patterns of successions. Much of the same 

kind of organisms make up the p1ankton community at a11 times of the 

year. In the open water the number of species of copepods having any 

prominence is very smal1. Proportions of the severa1 kinds vary from 

time to time but in no cyc1ical fashion that has been observed. 

6. Considerable fluctuations occurred in ail quantitative measurements 

from a11 stations - more than an order of magnitude in each case - but 

the overa11 variations showed no distinct seasonal pattern. Sorne few 

species 1ike Penilia avirostris showed pecu1iar cycles of occurrence 

1 
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but the cycles appeared to be independent of c1imatic variations or 

successions. Most of the copepods and near1y a11 the other 1eading 

species maintain an active reproductive state throughout the year. 

7. The zoop1ankton population at the oceanic station was 

characterised by a 1arger numerica1 percent age of carnivores. The 

genera11y low abundance of phytop1ankton coup1ed with large number 

of fauna1 species with sma11 populations indicate that an efficient 

re1ationship exists between producers and consumers in these tropical 

waters. By contrast, at 3J where nutrient values were a1ways higher, 

phytop1ankton densities were a1ways higher than at 1J, despite much 

higher populations densities and higher percentage composition of 

ob1igate herbivores. It is reasonab1e to assume that at 3J 

) phytop1ankton production was not 1imited at the grazing 1eve1. 

8. Since c1imatic and hydrographic conditions throughout the area 

are subject to such slight spatial and temporal variations, the much 1 

higher 1eve1s of energy fixation and transfer demonstrated at a11 

trophic 1eve1s at 3J may be attributed to better nutrient Bupp1y. 

This conclusion wou1d tend to confirm the be1ief that nutrient supply 

is the most operative 1imiting factor to production in tropical areas. 

9. The tentative conclusion about the harbour as a home for 

zoop1ankters is that despite the greater abundance of food, conditions 

there inhibit the multiplication and surviva1 of severa1 species found 

/ 
in the open sea. 

10. For copepods, conditions at a11 these stations and especia11y 

_1 
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at lJ, favour the multiplication of species with small individual .; 

size. 

11. A significant result of this study is that energy cycles in the 

tropical waters off Jamaica arr of short duration and undergo numerous 

oscillations during the year. The oscillations seem to be of a 

shorter wave-length than monthly periods. A climatic effect operates 

only in so far as it increases the supply of nutrients, for example 

seasonal rainfall and river outflow. 

12. A more complete understanding of the system would require 

serial observations of shorter time intervals - weekly or twice 

weekly observations. A month of daily observations would help 

to delimit more clearly growth and energy cycles and would serve 

asa good reference point when considering large scale variations 

from a seasonal point of view. 
1 
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APPENDIX 

Tqbl~s 4-7 comprise gross quantitative data from each of 

the foue stations. In Tables 4 and 5 values above the dotted line 

were extrapolated from average meter-wheel readings obtained after 

February 1963. In Tables 6 and 7 entries under VOl/100m3 marked 

with an asterisk represent final measurements after the various 

processes of separation had been accomplished. 

Tables 8-11 represent the estimated monthly 'densities of 

'the species occurring at each station. 

species density of less than 1/m3. 

A + entry indicates the 

The survey at lJ covered a longer period and so data in 

this form had to be accommodated on larger tables. 

In sorne instances samples were collected on two separate 

dates in a month (see Tables 4-7); for convenience in constructing 

tables only the means of these values are entered in tables in the 

appendix, though they are used as separate entries for small tables 

in the text and in the construction of diagrams. Those months for 

which the mean of two collections is given in the tables are 

indicated by asterisks. 

.. ..., 



i' TABLE 4. 1 ...... 

i " 

! . Estimated quantitative data 

\ Station lJ Net No. 8. De~th of tow 0-5 m. 

( Date Duration Revs. Total vol. VoL/100m3 Dry wt./m3 No.anima1s/m3 

2/3/62 15 mins 4.50 2.40 2.62 528 

28/3/62 " Il 1.15 0'.60 0.92 145 

19/4/62 II II 1.15 0.60 0.96 519 

4/5/62 " II 5.00 2.70 2.69 878 

30/5/62 II II 1.70 . 0.90 0.55 499 

11/7/62 II " 1.90 1.00 0.?6 396 

2/8/62 " II 1.00 0.50 0.76 710 

23/8/62 " " 4.30 2.30 4.42 796 

17/9/6i II " 6.00 3.20 5.36 940 

12/10/62 II " 8'.80 4.70 6.78 1882 
i 
t 15/11/62 II " 6.00 3.20 2~02 350 
f 
f 
f () 13/12/62 " " 2.76 1.50 2.22 522 1· 
( 

1 
18/1/63 " " 2560 0.45 0.33 0.22 419 [. 

1 
! . . 

1 1 
1 18/2/63 II " 3570 0.45 0.24 1.99 587 , 
r 
1 18/3/63 Il " 3550 2.00 1.06 2.61 466 
f , 
~ 19/4/63 " " 3665 1.50 0.77 1.65 693 

t 20/5/63 " " 4590 4.70 1.93 2.44 647 

2/7/63 II " 3370 4.90 2.74 4.22 1450 

29/7/63 " II 2700 2.80 1.95 3,84 1193 

.19/8/63 II " 4620 6.00 2.46 4.4::: 505 

16/9/63 II " 3810 2 .. 20 1.09 1.66 568 

22/10/63 II " 2530 5.60 4.17 6.52 2445 

13/11/63 " " 4190 3.40 1.53 3.28 276 

13/12/63 Il " 4060 4.00 1.85 1. 74 586 
(') 

22/1/64 ,II " 2840 15.80 10.48 12.21 1754 

19/2/64 " " 2520 1.20 0.90 7.05 701 

18/3/64 II " 3300 3.60 2.05 4.45 '747 

..-~ .. ,,_ ..... wo""'""' ... 

--' 
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TABLE 5. 

( 
Estimated quantitative data 

) 
Station 4J Net No. 8. Depth of tow 0-5 m. 

Date Duration Revs Total Vol. VoL/100m3 Dry wt /m3 No.anima1s/m3 

28/9/6~ 15 mins 3.90 2.12 5.59 1136 

3/12/62 II II 6.30 . 3.42 4.46 787 

3/1/63 II II 9.90 6.04 5.56 864 . . . 
3/2/63 " " 3128 7.00 4.22 8.35 1542 

.26/2/63 " " 2858 5.90 3.89 2.77 2736 

28/3/63 II " 2445 4.90 .3.77 4.33 1962 

15/4/63 " II 4225 13.60 . 6'.06 2.05 2219 

26/4/63 Il " 3070 3.00 1.84 1.68 629 

27/5/63 " " 3840 7.30 3.58 3.09 1834 

'19/6/63 II Il 2860 3.80 2,50 2.17 894 
Cf 

9/7/63 Il Il 1600 2.00 2.34 1.84 839 

1/8/63 5 mins 900 4.10 8.58 14.51 2319 :t 
23/8/63 15 mins 2880 1.40 0.92 4.51 1200 

19/9/63 Il " 3080 1'.50 0.92 ,0.95 769 

28/10/63 5 mins 1030 8.40, 15.36 79.89 2525 

18/11/63 15 mins 3000 11.60 7.28 6.27 1728 

17/12/63 Il Il 2840 2.80 1.86 2.27 1719 .... 

24/1/64 Il Il 2550 16.40 12.11 16.37 3587 

21/2/64 Il II 2750 2.90 1.99 2.52 1918 

23/3/64 5 mins 860 2.50 5.50 8.02 1395 

24/4/64 15 mins 2290 1.00 0.82 0.84 507 

1/5/64 Il Il 1665 3.20 3,69 3.71 1661 

() 28/5/64 Il Il 2280 6.60 5.45 2.77 1752 

29/6/64 

24/7/64 Il Il 2070 3.00 ' 2.73 3.76 1930 

.. _ .. __ .~._------------
...", 
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TABLE 6. 

(' ') Estimated quantitative data 

Station 2J Net No. 8. Depth of tow 0-5 m. 

Date Duration Revs Total Vol. Vo1./l00m3 Dry wt./m3 No.anima1s/m3 

3/12/62 15 mins 16.00 

3/1/63 " " 6.20 

3/2/63 " Il 1850 33.60 34.20 58.88 6896 

26/2/63 7.5 mins 920 25.24 51.67 66.32 9586 

28/3/63 5 mins 330 40.00 228.31 247.26 34086 

26/4/63 15 mins 1610 6.50 7.60 14.95 U89 

27/5/Q3 10 mins 2170 3.50 3.04 4.67 4800 

19/6/63 5 mins 640 12.02 38.26 89.01 24471 

9/7/63 Il Il 630 1.10 3.29 11.30 

Cl 
1/8/63 Il Il 530 18.00 63.97 92.54 18714 

23/8/63 Il Il 520 2.10 7.06 18.45 

19/9/63 Il Il 790 26.44 63.03 85.77 19900 

28/10/63 Il Il 385 8,50 41.59 93.15 16645 

18/11/63 Il Il 1010 18.94 35.32 81.84 7666 

16/12/63 Il Il 1195 32.40 51.06 91.35 8433 

24/1/64 Il Il 670 26.00 73.10 111.38 11480 

21/2/64 Il Il 370 34.40 175.08 183.82 106612 

23/3/64 Il Il 780 20.00 48.30 61.34 17093 

24/4/64 Il Il 450 4.60 19.25 18.52 3673 

1/5/64 Il Il 470 2.50 10.02 . 35.11 4570 

28/5/64 " " 850 6.00 13.29 21.23 2311 

() 29/6/64 " " 320 3.00· 17.65 38.49 9047 

22/7/64 " Il 1280 17.60 25.89 66.03 12600 

-----'---.--~-=-------'---
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TABLE 8. 

19~2 1963 .-
* * Copepods M A M J J A S 0 N D J F ~ 

Farranu1a 
_ gilacilis 83 245 333 15 22 81 69 188 74 33 28 43 1 
Paraca1anus 

acu1eatus 5 44 16 62 19 19 83 1085 75 38 4 4 
Undinu1a 

i vu1garis 80 28 217 2 34 189 534 173 107 20 4 45 
, Corycaeus 

amazonicus 2 3 2 34 4 10 40 6 6 2 4 ; 
Oncaea , 

venusta 5 3. 27, 2 4 7 11 21 3 2 7 , 
Oncaea 

mediterranea 2 2 12 2 2 9 2 5 1 
Acartia 

1il1jeborgi 1 3 7 2 
Corycaeus 

speciosus 2 6 3 7 2 1 1 
Macr'ostella 

, 
gracilis, 2 1 15 9 2 10 22 4 

Oithona 
" plumifera 3 1 2 15 9 10 2 4 7 1 l 6 
" Ca1oca1anus 
\ 

2 2 5 12 5 8 12 2 4 1 2 pavo 
Miracia 

efferata 2 2 2 3 2 1 5 1 
! Microstella 
i 
, norvegica + + + + + + + + + 
: Corycaeus 
" 
i' 1atus + + + + + + + , 

Labidocera :' 
'. acutifrons + 1- + + + + r; 

Labidocera i 
1· mimocera + + il + 

Labidocera 

1 
nerii + + + + '+ 

1 



.. __ . __ ,._ .. C,, __ "_~.:'_.~.";":_.".h.!.L_ ... _._.: ... _':'.~\ .\:.. ..••.• ~ •. :., ............ ,. 

SI 

TABLE 8. 
Station 1J 

1963 1964 

J F M A M J J A S 0 N D J F M Avg. 
-1 

13 28 43 158 35 38 48 213 103 197 826 57 207 4014- 185 259 169 

18 4 4 95 253 58 76 38 2 16 364 10 13 4 9 328 133 

W 4 45 74 18 143 82 171 136 43 461 2 18 380 24 23 121 i 

6 2 4 7 6 3 17 17 6 50 9 21 18 9 8 12 

2 7 2 9 13 38 4 8 5 56 4 36 17 5 2 12 

5 1 8 7 1 12 9 2 258 6 6 1 18 

3 10 1 2 1 1 1 7 1 22 6 

1 1 '8 12 33 14 11 57 7 11 13 2 5 11 

2 1 2 2 2 10 2 4 l 6 .5 

1 1 6 16 7 6 11 4 9 8 34 4 42 7 4 2 9 

4 1 2 11 4 22 16 6 2 22 122 1 39 ? 10 2 13 

5 1 4 5 3 34 2 2 1 1 1 1 8 6 

+ + + + + + + +. + 

+ + + + 

l· + + 

+ + + 

+ + + + + + 
1-' 
N 
0 



TABLE 8 - continued 

1962 1963 
*- "* Copepods M A M J J A S 0 N D J F M 

Labidocera 
.- aestiva + + + + + + 
Candacia 

pachydacty1a + + + .+ + + + + + 
Temora 
stylifera + + + + + + + + + + + 

Pontellina 
p1umata + + + + + + + 

Pontella \ 

securifer + + + 
Pontellopsis 
regalis + + + + + 

Neoca1anus 
robustior + + + + + + + 

Euchaeta' 
marina + + + + + + + 

Sco1ecithrix 
danae + + + + + + + 

Oithona 
nana + + + + + 

Copila 
mirabilis + + + + + + 

Caligus 
sp. + + + 

Sapphirina 
-. intestinata + + + + + 
Sapphirina 
auriontens + + + 

C1yternnestrata 
scutellata + + + 

Harpacticus 
gurneyii + + + + + + 

Longipeda 
he1go1andica + + + + + + + +1 1 

1------------'--------:---------------......:.--
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TABLE 8 - continued 

1963 

~ D J F M A M J J 

+ + + + 

+ + 

+ + + + + 

+ + + + + 

+ + 

+ + + 

+ + + + + + + 

+ + + 

+ + + + + 

+ + + + 

+ + + 

+ 

+ 

+ + 

+ + 

+ + + + + 

+ + + + + + 

1964 

A S 0 N D J 

+ + 

+ + + + 

+ + + 

+ 

+ 

+ 

+ + + + + 

+ + 

+ + 

+ 

+ 

+ 

+ 

+ + + + 

+ 

Station IJ. 

F M Avg. 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ + 

+ 

,I~ 

1 

i 
1 

i 
1 , 

1 
! , 

i 
1 

i 

i 

1 
1 

! , 
1 , 

1 

i 
.' 
1 
) 

.i 

-, .'. 
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TABLE 8 - continued 

1962 1963 
~ * + 

M A M J J A S 0 N D J F M A M 

CopeEods 
.Schizopera 

sp. + + + + + 
Robertsonia 
knoxii + + + + 

Phy110thalestris 
mysis + + + + 

Rhyncothal1estris 
rufocincta + + + \ .+ + 

SiphonoEhores 
Aby10psis '. 

tetragona 3 + 1 1 1 1 1 2 2 
Aby10psis 

eschscholtzii. 1 1 , 1 + 1 9 
Dyphyes 

appendicu1ata + + +. + + + + + 
Sulcu1eo1aria 
sp. + + + + + 

Che10phyes 
appendicu1ata + + + 

Eudoxides 
, spirales + + + + + 
i 

Dyphyes 
d:tspar + + + + + + ! 

Lensia , 

i subtiloides + + + + + i 
Odd groups. . 

.. ' , 
Tanais sp. + + + + + 

il 
Parasitic isopod 

(unidentified) + + + + 
1 G10bigerina 

1 
bu110ides 5 1 9 1 12 7 22 11 1 111 + 2 5 + 

t 
r' l. _______________ _ 

n='t'C'C'<znT"' __ 
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:ABLE 8 - continued 

1963 
+ 

D J F M A M J J A S 

+ + 

+ + 

+ + 

,+ + + 

1 2 2 4 + 

1 9 1 + 9 

+ + + + + 

+ + 

+ + + 

+ + 

+ + 

+ + + + + 

+ + 

+ + 

111 + 2 5 + + 57 20 14 

1964 

0 N D J 

+ 

+ 

, 

+ + + 

+ 3 

+ + 

+ 

+ + 

+ + 

+ 

24 66 7 16 10 

Station 1J 

F lM Avg. 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

31 17 23 ...... 
N 
N 

."; 

i 
1 

'1 
l 
J 
l 
" 

l 
1 
1 
j 
\ 

1 

! 
i 
1 

1 
1 

i 
! 
1 
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TABLE 8 ~ continued 

1962 [963 
*. '* ! M A M J J A S 0 N D J F M A ; 

Orbulina 
universa + + + ,+ + + + + + ..j 

Dololium 
sp. + + + + + + + ..j 

Quinqueloculina 
sp. + + + + + + 

Textularia 
; 

, sp.' + + + + + + + ..j 

Planorbulina 
sp + + + + + + + ., 

Loimia -
sp + + + + + + + -

Cladocerans 
Podon 

, sp. 1 1 1 5 2 1 1 
Penilia' 
avirostris + + + + -

Larvacea 
Oikop1eura 

sp. l 2 13 2 4 1 71 32 19 5 11 42 l( 
Oikop1eura . 

; sp. I! 10 21 14 3 
Frittilaria 

i. sp. 12 20 2 
r Chaetognaths , . 

Sagitta i 
t enflata + 2 4 + + 2 + 

1 
Sagitta 

serratodentata 6 2 28 2 5 11 7 59 54 29 9 5 1 
Krohnitta 

subtilis 2 4 4 4 7 2 2 + 2 
Decapods 
Lucifer 

typus + + + 1 + 2 
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BLE 8 ~ continued 
Sil tat on J 

11963 1964 

J F M A M J J A S 0 N D J F M Avg. 

+ + + + + + + + + 

+ + + + + + + + + 

+ + + + + + + 

+ + + + + + + + 

+ + + + + + + + 
, 

+ 

+ + + + + + + + 

2 1 1 3 10 5 38 2 l- + 5 2 6 

+ + + + ' + + 

11 42 10 15 42 46 6 12 '88 1 16 21 25 116 25 

14 3 2 17 12 1 4 5 1 6 36 84 15 

2 2 2 1 1 2 7 

+ 2 + + 2 2 + 2 2 

29 9 5 1 1 1 4 4 21 9 28 2 2 7 20 13 

+ 2 2 9 6 2 7 2 16 5 

+ 2 2 1 1 4 1 2 1 + + + ' 1-' 
r-.> L 



TI .. BLE 8 - contin' 

1962 1963 

* * 1 
M A M J J A 

/ 
S 0 N D J F l 

EUEhausids 
1 

.- sp. l 1 + + + + 

sp. I! + + + 
ArnEhiEods 
Brachyse1sus 

cruscu1urn + + + + 
Hyperia 
at1antica + + + + + + 

PteroEods 
, Creseis 

acicu1a + + + 2 2 32 + + 4 
Limacina 

sp. + + + 7 + + 
Lar'va1 forrns 
porcellanid 

zoea + + + + 
Other : 

zoea 2 13 1 1 1 2 2 9 2 3 2 1 
Squillid 
1arva + + + + 1 + + 

Decapod 
naup1ii + + + + + + + 

Phyllosoma 
1arva + + 

Gastropod 
veligers 6 1 28 8 15 75 60 65 12 + + + 

Larnellibranch , veligers + + 2 2 + 13 + 4 + 
Po1ychaete 1 

1arvae + 3 6 3 1 + i 12 4 2 
Echinoderrn 

1arvae 5 4 + + 1 1 2 + + 1 3 

---'-"-'-=~~ ..... _ ..... ' -- --'- .• _-, ", . -._ .. - ,._.-._--_._., --.~.~-,- . - - . - . . 
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1 .. BLE 8 - continued 

1963 

D J F M A M J J. A S 

+ + .+ + + 

+ + + 

+ + + 

+ + + + + 

+ 4 + 2 + + 

+ + 4 1 + 

+ + 

3 2 1 1 2 1 1 1 22 

+ + + + + . 
+ + + + + + 

+ + + 

+ + + + 1 6 9 19 35 

+ 5 2 2 2 29 + 
1 

2 2 1 2 + + + 

1 3 1 2 6 + + + 

1964 

O· N D J 

+ + + 

+ + 

+ 

+ + 

2 + 

+ + + 

2 1 2 + 2 

+ 

+ + + + 

3 8 2 + 2 

2 2 + + 

+ + + + + 

+ + + 10 

) 

Station lJ 

F M Avg. 

+ 

+ 

+ 

2 

+ + 

+ + 3 

+ 

2 + 

+ 

1 112 23 

+ 42 8 

+ 3 

1 9 3 
... 

1 

l 
i 
l 
.1 
i 
j 

1 
i 
J 
~ .' 
j 

i 
1 

·1 
1 
1 

J 

1 
j 

J 
1 

i 
1 

1 

i 
\ 
~ , 

·1 
i 
1 

.. 
i 

I ~·ï ~~ 
• l 

... .j 
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TABLE 8 - ccnt: 

1962 1963 
~ ~ 

r-
M A M J J A S 0 N D J F 

, 
Larva1 forms 

Sipunculid 
1arva + + + + + + + 

Marico1an -
1arva + + + 

Cyphonaute 
+ + + + + 

1arva + + + 
Ascidian 

+ + + + + 

tadpo1e + + 
Cirripede 

+ + + 

1arvae + + 
Fish eggs . 

+ + + -t 

and 1arvae 272 228 149 75 290 450 111 161 92 285 257 449 

.. 
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8 - continued 

963 

J F M A M J J A S 0 

+ + + + + 

+ + + + + 

+ + + + + + + 

+ + 

+ + + 

257 449 28 291 298 62 352 240 25 128 

1 

·"---

1964 

N D J 

+ + 

+ 

33 138 448 

, 

\ 

1 
1 

('J 

Station 1J 

'F M Avg. 

+ 

+ 

2 2 2 

+ 

+ 

33 $75 236 

:~ 

1 
1 
i 
j 
1 
~ 

,j 
J 
J 
J' 
J 

j : ! 
1 
! 

, 
1 

. l 

1 

•.• _o. 
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TABLE 9. 
Sta 

1963 1964 
:* .* 

.. 

*' Copepods F M A M J. J A S 0 N D J . F M 

Paraca1anus 
acu1eatus 826 317 2446 286 43 24 253 132 748 990 307 266 211 22 

Undinu1a 
vu1garis 53 24 157 8 31 77 768 2 380 66 17 431 162 2C 

Farranu1a 
. 

graciUs 52 89 221 115 15 72 175 5 53 71 20 44 21 2C 
çorycaeus 
1atus 15 28 92 18 2 7 379 48 11 32 9 ] 

Caloc-a1anus 
pavo 13 3 43 73 64 35 231 7 27 , 

~ 

Oncaea 
mediterranea 8 23 24 9 156 1 20"" . ",', 

Temora 
turbinata 3 2 6 46 51 2 2 50 86 15 

Corycaeus 
amazonicus 9 10 70 26 7 1 . 13 23 90 53 8 9 

Oncaea " 

venusta 6 18 39 ·1 2 69 1 31 41 3 219 3 J 
Oithona 

nana 61. 14 9 5 1 1 11 21 77 l 
Centropages 

fur catus 1 7 13 22 1 2 5 1 59 121 1 . . 
Acartia 

lilljeborgi 25 11 28 11 1 17 5 
Oithona 

pl umi fera 5 2 7 6 12 21 7 1 71 
Macroste11a 

graciUs 1 1 1 40 5 27 
Corycaeus 

speciosus 9 2 11 1 2 7 2 10 
Temora 

sty1ifera 1 2 6 3 27 9 
Eucalanus 

subcrassus 3 18 2 41 1 .. 
, _. ~ -- -.. -_ .. --
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TABLE 9. 

*' 1 J. J A S 0 N D 

~86 43 24 253 132 748 990 307 

8 31 77 768 2 ' 380 66 17 

L15 15 72 175 5 53 71 20 

18 2 7 379 48 11 

3 43 73 64 35 231 7 

9 156 1 

46 51 2 2 50 86 

26 7 1 ' 13 23 90 53 8 
" 

,1 2 69 1 31 41 3 

5 1 1 11 21 

22 1 2 5 1 59 121 1 

11 1 17 

6 12 21 7 1 71 

1 40 5 

1 2 7 2 

6 3 27 9 

18 2 4"1 1 
, -, ' -- _o. 

Station 4J. 
1964 

, ' 

*: 
J F M A M 

266 211 226 24 95 

431 162 207 14 53 

44 21 204 12 82 

32 9 12 7 7 

27 26 9 17 

20"" . ",', 1 48 50 

15 

9 25 10 

219 3 16 1 43 

77 19 8 14 

2S 4 10 

5 16 7 

13 7 43, 

27 10 12 

10 3 

-_ .. --

() 

J 

86 

69 

21 

2 

8 

1 

1 

4 

10 

7 

4 

~, 

:f 
:j 

, 
,~i 

J Avg. : 
" 

68 417 ! 
) 

68 128.' , 

148 74 ': 

3S 39 : 
, 

18 39 : 
, ' 

: 

8 37 : 

69 26 

17 25 

1 23; 

49 23; , 

17 

15 

6 11: 

11 6 ., 

1 

I~' " C' 

" 



f 
1· 
i 
l, 

[ 
:' 

\ 
, 
1 

! 
1 
i 

() 

Euterpina 
acutifrons 

Corycaeus 
americanus 

Miracia 
efferata 

Labidocera 
acutifrons 

Labidocera 
scotti 

Sco1ecithrix 
danae 

Euchaeta 
marina 

Candacia 
pachydacty1a 

Copilia 
mirabilis 

Ponte11ina 
p1u~ata 

Pontella 
securifer 

Calanopia 
americana 

Harpacticus 
gurneyi 

Sapphirina 
intestinata 

Neoca1anus 
robustior 

·Labidocera 
aestiva 

Microste11a 
novegica 

-

1963 
~ :* 
F M A 

2 

11 

1 

+ + 

+ 

* 
+ 

+ 

+ 

+ 

" 

o 

TABLE 9 - continued 

. 1964 
~ 

M J. J A S 0 N D J 

4 1 3 

8 40 3 5 29 8 2 

1 7 2 7 

+ + 

+ + + + + 

+ + + 

+ + + + 

+ + + + 

+ + 

+ + 

+ 

+ 

+ + + 

+ 

,+ + 

+ + + 

+ 
1 

~ -_ .. -- . ----

-
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TABLE 9 - continued 
Station 4J . 1964 

~ * J J A S 0 N D J F M A M J J Avg. 

1 3 3 6 1 

3 5 29 8 2 11 9 

7 2 7 1 8 i 

1 

+ + + + 

+ + + + + + + + + 

+ + + + 

+ + + + 

+ + + + 

+ + + 

+ + 

+ + + 

+ + + 

+ + + + + 

+ 

+ + + 

+ + + + 

+ 
1 

+ 

IS 
,--' ._----_._---~-_._ ... _._ .. _ .. ._-- ----------- . ---
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TABLE 9 - continued 
Station 4J 

1963 1964 

* * ~ 
F M A M J J A S 0 N D J F M A 

C1adocerans 
Podon 

1 sp. + + + + + ·19 15 + 6 
1 

Penilia 
avirostris 1 2 2 61 2 2 + + + + 

Larvacea' ( 
Oikop1eura 

sp. l 50 50 51 + 85 145 63 188 27 42 
Oikop1eura .' 

sp. I! 66 44 78 35 140 270 448 8 199 468 110 155 78 556 36 
Frittilaria 

sp. 6 ,7 . 6 13 10 
Chaetognaths 
Sagitta 
enf1ata 7 + + 1 + + 11 3 7 2 2 20 

Sagitta 
serratodentata 8 6 22 10 29 3 14 2 3 69 5 4 3 38 1 

, 'Krohnitta 
subtilis 19 14 11 9 8 2 9 4 4 23 15 

DecaEods 
Lucifer 

faxoni + + 5 + 1 + + 'l 

EUEhausids 
sp. I! 8 2 .9 1 + + 17 1 16 4 2 9 -l 

AmEhieods 
Brachysce1sus 

cruscu1um + + + 10 + + + .J 

Hyperia 
at1antica + + + + + + + 

, G1ossocepha1us 
!: milne-edwardsl + + + + 
i 

.t~; 

C., 
1 

~. _. --_ ... -_. - ._ .. -
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TABLE 9 - continued 
Station 4J 

1964 
~ * J A S 0 N D J F M A M J J Avg. 

+ + ,19 15 + 6 3 2 

2 2 + + + + + + 
( 

+ 85 145 63 188 27 42 91 81 
" 

270 448 8 199 468 110 155 78 556 36 224 441 24 139 

. 6 13 10 8 

+ + 11 3 7 2 2 20 9 2 + 6 

3 14 2 3 69 5 4 3 38 1 12 10 12 17 ! 
2 9 4 4 23 15 il 

+ 1 + + 3 6 2 

+ 17 1 16 4 2 9 + 3 + 3 5 

+ 10 + + + + 1 1 
+ + + + + 

+ + + 

1-' ' 
N 
Q) _. --_ ... -_. - ._ .. --, '-
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TABLE 9 - continued 

1963 1964 

* 1< *" : 
,F M A M J J A S 0 N D J' F M 

SiEhonoEhores 
Aby10psis 

tetragona 2 + + + + + + 
Aby10psis 

eschscho1tzi 2 3 + + + 
\ Dyphyes 

appendicu1ata + + + + + + + + + 
Su1cu1eo1aria 

sp. + + + + + + 
Che1aphyes 
'appcndicu1ata + 2 5 1 + 
Eudoxides ..... , .. 
spiralis + + + + + + + 

Dyphyes 
1 dispar 1 2 1 33 + 

Dyphyes 
bojani i & + 1 + 

'Lensia 
subtiloides + + + + + + 

Aga1ma 
sp. + + + 

Medusae 
Ag1aura 

hemistoma + + + 
Liriope 1 

mucroranta + + + + 
Eirene \ 

sp. + + + 
Odd GrouEs , 
G10bigerina 

bulloides 3 11 28 67 1 43 39 113 5 19 2 
Do1olium 

sp. + 2 + + + + 
Loimia 
'sp. 7 2 1 1 + 

.. '. , ... - - .~-_.-.- ~._-~ 
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TABLE 9 - continued 
Station 4J 

1964 

*' : 
* J A S 0 N D J' F M A M J J Avg. 

1 
1 

! 

+ + + + + + 

+ + + 2 4 5 

+ + + + + + + + 

+ + + + + + 

2 5 1 + 2 1 
..... , .. 

+ + + + + + 

1 33 + 3 f 

& + 1 + 

+ + + + 1 2 

+ + 
• 1 
\ 

+ + + 

+ + + + 
\ 

+ + + 

1 43 39 113 5 19 2 48 43 41 39 33 " 

+ + + + + 

2 1 1 + + I~ 
1\0 . 

.. '. , - ... - - '~--'-'-' ~._-~ . ' - - ---
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1963 
jt ~ 

1 
F M A 

1 PteroEods 
Creseis 
acicu1a 6 4 

Larva1 forms 
Lucifer 

faxoni + 2 
Po~cellanid 

i zoea + 1 + 
Carcinus 

zoea 47 2 6 
Other 

zoea 4 6 2 
Decapod 
nauphlii + + 

Gastropod 
veligers 18 2 314 

Lamellibranch 
veligers 

Polychaete 
1arvae 3 + + 

Echinoderm 
1arvae 4 1 

Harico1an 
1arva + + 

Cyphonaute 
1arva + 

Ascidian 
tadpo1e + + + 

Cirripede 
1arvae 

; + 
Fish eggs 

and 1arvae 12 
Î 

2 104 

-~- ---- --------- - ~.-

M J 

6, 

5 

+ 

1 + 

14 + 

+ 

105 134 

6 7 

2 3 

2 

+ + 

+ 

9 443 

, ') \ 

TABLE 9 - continued 

* J A S 0 

+ 44 

1 + 

+ + 5 

+ + 1 2 

2 ,+ l, + 

+ + + 

8 52 5 7 

13 + 5 

3 

1 2 

+ + + 
" 

+ 

+ + 

123 227 10 13 

-- ... _--- -----------------~-_ .. __ . 

1 

N D 

+ 

9 6 

2 

9 7 

2 1 

+ 

32 25 

1 + 

24 4 

+ 

+ 

35 125 

" -- _ ... _._-"-----
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,BLE 9 - continued 

* A S 0 

44 

+ 

+ 5 

+ 1 2 

.+ l, + 

+ + + 

52 5 7 

+ 5 

2 

+ + 
" 

+ 

+ + 

227 10 13 

N 

9 

2 

9 

2 

+ 

32 

1 

24 

+ 

35 

1964 

D J F 

+ 

6 + 

,+ 

7 26 6 

1 1 

+ 

25 55 19 

+ + + 

4 26 3 

92 42 

+ 

+ 

+ 

125 266 51 

Station 4J 

-)(; 

M A M J J Avg. 

+ + 

6 + 

4 2' + 1 6 

7, 3 11 6 8 

1 + 1 ,+ t 3 

+ + + + 

80 ' 74 20 35 43 56 
) 

22 3 89 

3 31 + 10 
" 

7 3 10 ' 7 15 j 

+ + 1 
+. + .~ 

+ 
j 

1 , 

+ + 

242 29 72 34 38 79, 1 
1 ., I~ ! __ '_J 
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1 
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\ 

1 

1 
1 

i 

! 
i 

1 

c~ 

Paraca1anus 
acu1eatus 

Acartia 
lilljeborgi 

Corycaeus 
americanus 

Centropages 
furcatus 

Temora 
turbinata 

Oithona 
nana 

Corycaeus 
amazonicus 

Euterpina 
acutifrons 

Euca1anus 
subcrassus 

Oithona 
p1umifera 

HarpacticUs 
gurneyi 

,Miracia 
efferata 

Corycaeus 
latus 

Oncaea 
mediterranea 

Temora 
stylifera 

Labidocera 
acutifrons 

Macrostella 
gracilis 

Corycaeus 
speciosus 

1963 
~ 

A F M M 

969 4594 240 132 

461 371 27 36 

778 1427 181 ' 260 

156 628 77 94 

314 856 23 

290 1883 54 57 

600 1225 35 93 

160 257 

129 770 82 19 

37 10 

+ + 

+ 

+ 

+ + 

+ 

+ + 

C) 

TABLE 10 

J 

J J ~ S 0 N D 

1998 3340 1437 1551 111 335 ] 

9752 27 200 491 2001 204 

769 3153 393 684 811 551 ] 

1259 3234 403 920 28 357 

269 1563 2010 1499 225 223 

2,59 239 396 4 

461 310 507 780 353 

86 64 652 11 13 

67 53 21 11 17 4 

280 40 60 

+ 

+ + + 

+ + 

+ + 

+ 

+ + 

+ + 

1 
+ + 



() 

. 
TABLE 10 

Station 2J 
1964 

J ~ S 0 N D J F M A ~ J J Avg. 

3340 1437 1551 111 335 1953 4979 1931 744 1900 3858 3689 1797 

27 200 491 2001 204 317 37 183 27 26 897 

3153 393 684 811 551 1406 2270 1844 200 488 168 300 849 
-

3234 403 920 28 357 314 1208 821 284 285 150 3655 782 

1563 2010 1499 225 223 146 1711 17 41 694 

239 396 4 10 45 2799 235 507 
- É 

310 507 780 353 203 301 104 97 241 361 I~ 

64 652 11 13 30 299 50 13 1483 212 34 240 

53 21 11 17 4 40 37 19 9 59 221 _ 65 -92 

40 60 10 30 40 70 

+ + + 

+ + + 

+ + i 
-, 

+ + + 

+ + + 

+ + + 

+ + 

1 
+ + + + I~ ----- ------ ---- -



, 
i~ 

\ 
\ 
\ 

, 

1 

1 

1 
i 

, 

---~-------_ .. _--_._._ •... _ .. - ...... _ .. . 

, C) 

1963 

" F M A M J 

C1adocerans 
,Peni1ia 

avirostris 2161 11757 304 117 3036 
Podon 

sp. + 
Larvacea 
Oikop1eura 

sp. l 92 287 830 48 38 
\ 

Oikop1eura 
sp. II 210 1313 64 207 634 

Frittilaria 
sp. 10 10 643 

Chaetognaths 
Sagitta 
cnflata 68 599 53 '83 86 

, Sagitta 
serratodentata 11 43 9 50 67 
Krohnitta 

subtilis 29 43' 2 11 86 
Deca]20ds 
Lucifer 

faxoni 243 200 76 3 250 
EUEhausids 

sp. l 135 28 2421 

sp. I! + + 
AmEhi]2ods 
Brachyce1sus 

cruscu1um + + 
llyperia 
at1antica + 

PteroEods 
Creseis 
acicu1a + + 

.. - .. -- -

J 

(, ) '- .. 

TABLE 10 - continued 

1 S 0 

666 1022 

+ + 

679 107 

915 251 1540 

89 43 32 

178 50 32 

151 29 502 

71 57 

426 643 235 

595 ' , 

+ 

+ + 

-t + 

1964 

N D J 

1621 

1498 

291 287 

.,. 
62 77 -t 

29 44 

45 

22 i236 830 

45 ' ., 50 

" 

+ 

+ 
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TABLE 10 - continued 
Station 2J. 

1964 

1 '* J J S 0 N D J F M A M J J Avg
J 

1 

, 

036 666 1022 1621 88268 2076 412 100 70 164 6475 

+ + 

38 679 107 1498 4540 118 841 991 282 812 
.' 

634 915 251 1540 291 287 220 310 51 2779 593 

643 89 43 32 73 158 ' 203 156 

.,. 
86 178 50 32 62 77 + 220 48 44 94 195 47 114 

" 

67 151 ' 29 502 29 44 146 116 27 64 40 35 82 

86 71 57 45 8 46 

250 426 643 235 22 i236 830 1171 415 20 75 79 ' 535 504: 

~421 595 ' , 45 ' " 50 60 35 42 53 346 

+ + + 

+ + + 

" 

-t + + + 

+ + + ' ' I~ 
P.. __ 
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TABLE 10- continued 

1963 1964 
~ ~ 
F M A M J J A S 0 N D J F 

1 
t 

1 

Coelenterates 
! SiEhonoEhores 

Aby10psis 
tetragona + + + + + 

Abylopsis 
eschscho1tzl + + + + + 

Dyphyes 
appendicu1ata + + + + + + 

Su1cu1eo1aria 
sp. .+ + + + + + 

Che1aphyes 
appendicu1ata . + + + 66 + 

Eudoxides 
spiralis + 362 + + 18 

Dyphyes 
dispar + + 11 33 

Lensia, 
subtiloides + + + + + 

Dyphyes 
. bojani + + + 
Medusae 
Eirene 

sp. 2 .106 9 5 5 21 4 4 5 4 
Eutima -

sp. + 91 6 38 6 + 5 
Aequorea 

macrodacty1a + + + + + + + 
Eucheolita 

sp. + 91 + + 33 4 1 7 48 
Liriope 

[ mucroranta 4 + + + + 
Liriope . 
scutigera + + + + ,1 , ,._-

-----.. _.- .. _._. ,,-------... _------

,.,.-'-
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TABLE 10- continued 
Station 2J 

1964 , 

~ ~ 
; 

J A S 0 N D J F M A M J J Avg.' 

. 
+ + + + 

+ + + + 

+ + + 

+ + + + + 

+ 66 + 29 + 

362 + + 18 12 + 

+ 11 33 " 

+ + + 10 7 9 

+ + 9 , 
\ 

• 
21 4 4 5 4 26 22 16 3 13,:, 

6 + 5 16 4 + 

1 + + + + + + 

33 4 1 7 48 16 6 6 , 
, , , 

+ + + 7 
'1 

; 

+ + + + + 
1 I~ '..> 

"'-'-.~ .. _ .. .. _. ." .. v.:~ 

,.,.-" 
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TABLE 10 - continued 

1963 1964 
~ * 1 F M A M J J A 'S 0 N D J 

i 

Larva1 forms 
Lucifer 

faxoqi 231 57 76 26 80 43 3369 1668 83 2259 4343 
Porce11anid 

zoe a 4 8 2 28 63 57 + + + 
Carcinus 

zoe a 188 82 + + + + 
Other 

zoea + 2311 60 194 641 2878 1501 78 33 50 
Decapod 
nauplii + + + + + + + + -1: + 

Gast:.opod 
veligers 484 52 + 28 9 1680 106 1666 441 29 

Lame11ibranch. 
veligers 155 + + 10 + 2431 74 83 55 + 

Po1ychaete 
1arvae 4 + + 3 + + '+ + 44 71 146 

Echinoderm 
larvae 14 22 + 14 107 128 + 10 36 

Lingu1a 
1arva + + + + + + + + 

Phoronis 
1arva + + + + + + 

Marico1an 
1arvae + + + + + 10 

Cyphonaute 
larvae + + 13 86 18 + 

Cirripede 
1arvae 759 + + 95 567 268 307 1016 77 354 

Fish 
eggs 25 93 30 400 48 25 1051 111 

Ascidian 
tadpo1es + + + + + + 

----_. - -- - .. ,,- -~.- .. ---_._--~---_._---_._------- -_."- -_.------- --".------ -+- _ .. -----_. 
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ABLE 10 - continued 

Station 2J 
1964 

* ~ 
A 'S 0 N D J F M A M J J Avg. 

43 3369 1668 83 2259 4343 1901 5505 208 22 344 659 1913 , 

63 57 + + + + 154 33 11 + 47 42 

+ + + 23 28 153 

2878 1501 78 33 50 842 204 45 21 358 656 

+ + + -1: + + + .+ + + 

1680 106 1666 441 29 212 120 ·162 35 . 376 408 

2431 74 83 55 + 244 21 100 318 

+ .+ + 44 71 146 10 7 5 22 132 + 38 , 

107 128 + 10 36 10 4 3 6 + + 35 t 
1 

+ + + + + :i 
j 

l 

+ + + + + 

+ 10 36 290 + + 

13 86 18 + + + 

268 307 1016 77 354 1144 87 71 53 856 411 
j 

\ 

j 
25 1051 111 53 400 303 64 305 

+ + + + + + I~ 1 . . .. .. _-
" ... _--.. ---_.- --- . _ .. - --_ .. 
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TABLE 11 
Sl 

1963 ' 1964 
~ ~ 

Copepods F M A M J J A S 0 N D J F 1 

Paracalanus 
acu1eatus 4273 4255 4438 2661 6463 250 3602 820 1421 389 2199 159 2429 

Temora 
turbinata 479 561 721 348 2956 229 1999 4476 2842 11986 1684 4674 

1 

Oithona 

1 

nana, 235 1832 1664 '392 1372 12 562 5099

1 

38 2644 30 707 66 
Corycaeus 

1 americanus 367 2541 444 974 5965 106 264 165 2809 170 527 159 305 

1 Coryc,aeus 
amazonicus 327 1359 1177 451 551 57 446 347 796 30 377 

Centropages 
furcatus 143 1063 1331 158 834 70 155 '53 892 109 798 40 71 

Euterpina' 
acutifrons ' 46 118 111 67 98 6 2875 ' 36 408, _ --

f Euca1anus 
1 
t subcrassus 249 206 166 249 343 16 82 59 163 182 166 33 45 1 

t' Acartia t 
1 

1il1jeborgi 60 4 182 364 79 105 19 26 1 111 37 

f Corycaeus 
i 1atus 223 303 214 
~ Harpacticus 
t. gurneyi + + + t . ' 

[' Miracia 
efferata + + + 

: Oncaea 
mediterranea + + + 

Temora 
stylifera + + + 

\ + 
Labidocera 
scotti + + + + 

; Macrostella 
gracilis + + + 

1 Corycaeus " 

, speciosus + + + + 

, -- .. -- - . .-_ .. . . --_ .... _-_. __ . '. - . -----" -_._ ... _--_. __ ... . . 



C) 

TABLE 11 
Station 3J 

'1 

, 1964 

~ ~ 
J J A S 0 N D J F M A M J J Avg. 

6463 250 3602 820 1421 389 2199 159 2429 197 4759 1351 423 3670 2605 

2956 229 1999 4476 2842 11986 1684 4674 6 65 2426 

1 
1372 12 562 5099

1 

38 2644 30 707 66 667 216 793 2144 678 971 

5965 106 264 165 2809 170 527 159 305 756 331 1151 101 57 885 

551 57 446 347 796 30 377 552 1412 333 163 579 
1 

834 70 155 '53 892 109 798 40 71 15 138 680 159 186 362 

67 98 6 2875 ' 36 408, 
-.~.-

8 418 9 688 178 

343 16 82 59 163 182 166 33 45 26 60 366 116 599 177 ' 

182 37 364 79 105 19 26 10 314 6 101 
l 

303 214 

+ + + 

+ + + 1 
+ + + 1 

1 
+ 

\ + + 1 
;1 
l . 

+ 1 + + + +' " 
1 
~ 

+ + + l 
+ + + + ..... 'a 

.. w ~J IVl J 
-----,-
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TABLE 11 - continued 
i· 
1 1963 1964 
1 1 ~ r F M A M J J A S 0 N D J 1 
1 

[ 
1 
1 
10ithona . 
f p1umifera + + + + 
1 Cladocerans 
t Penilia 

~ 

. avirostris 702 1182 1849 1059 3267 385 112 496 2134 12858 
podon 

sp. + + + 
Larvacea 
Oikopleura . 

sp. l 503 + 24, + + + + + 
Oikopleura 

sp. II ? 650 4669 7360 249 2521 1948 5385 ·75 22835 516 ·5109 3302 
Frittilaria ----sp. 37 83 15 151 + 499 
Chaetognaths 
Sagitta 
enfla ta + 2304 + 1029 484 45 413 137 165 279 26 53 

Sagitta 
serratodentata + 827 1516 75 53 8 33 11 15 
Krohnitta -
subtilis 489 10 

DecaEods 
Lucifer 

faxoni 176 1063 83 15 86 115 99 370 60 29 
EUEhausids 

sp. II 6 59 16 26 + 377 
AmEhiEods 
Hyperia 
altantica + + 

--_.- _. - ._--."-- ------ .. - .. 

,;--.. 
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TABLE 11 - continued 
Station 3J -

1964 
~ ~ 
A S 0 N D J F M A M· J J Avg. 

+ + 
~ . 

112 496 2134 12858 3298 1832 2860 768 470 1856 

+ 

. 
+ + + + 33 186 

385 ·75 22835 516 ·5109 3302 102 374 15591 736 624 4272 

----+ 499 350 239 420 219 1<15 

413 137 165 279 26 53 208 296 326 1604 52 291 501 

33 11 15 30 17 4 235 
-

1 10 3 

! 
115 99 370 60 29 65 118 34 84 71 172 

26 + 377 + 15 10 1743 32 73 236 

+ , 

,;~ -'. 
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TP~LE 11 - continued 
Statj 

1 1963 1964 
1 

.:. ~ r 1 F M A M J J S 0 N D J F M 
ISiEhonoEhores . 
IAby10psis 

1 f tetragona + + + + 
1 [AbY1OPSiS . 

138; . eschscho1tzii + + + + + 226 
( Dyphyes 

1 1 appendiculata 15 13 + 38 17 + + + 
Su1cu1eo1aria 

• sp. + + + + + + + ,+ + 
Che1aphyes 
appendicu1ata 6 + + 89 + 11 165 18 41 

Eudoxides 
1 spirales + + + + + 
Dyphyes' 
dispar + + +. + + + 

Lensia 
subtiloides + + + 198 7 15 

1 Dyphyes , 
1 .. bojani + + + + + + + + 
tAga1ma 
t 

~ sp. + + + 
tMedusae. 
·Zirene 

sp. + + + + + + 
Aequorea 

macrodacty1a + + + + + 
Eutima 

sp. + + + + + 
Liriope 
mucroranta 5 2 605 7 1 + + + + 

Liriope 
scutigera + + + 

Ag1aura 
he.!fli s toma + + + + + + + 

Aeginura 
incisa + + + 



0 () 

TP~LE 11 - continued 
Station 3J 

1964 

J J r S 0 N D J 
~. 

F M A M J J Avg. . 
+ + + + 

. 
+ + + 226 138 89 

38 17 + + + + 

+ + + + + ,+ + + 
1 

1 

89 + 11 165 18 41 3 104 

+ + + + 

+. + + + 

+ 198 7 15 57 
, 

+ + + + + + + 

+ + + 

+ + + + 

+ + + + + 

+ + + + + 

7 1 + + + + 104 + 

+ + 

+ + + + + + 

+ + 18 . 
.--- --- -.-.- _.- -- ';.. 
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.TABLE 11 continued 

1 1963 

1 

* %. 
F M A M J J A S 0 N D 

1 Larva1 forms 
Lucifer 

faxoni 6 59 16 26 115 'n 26 376 
Porce11anid 

J 
zoea 10 10 10 8 8 38 5 18 30 

Carcinus 
zoea 59 25 75 38 7 165 33 24 30 

Other 
,zoea 2120 4609 591 229 476 883 181 84 539 528 249 

Decapod 
, nauplii + + + + + + + + + 
Gastropod 
veligers 10 59 1 27 200 8 66 11' 693 72 30 

Lamellibranch . , 

veligers + 59 38 297 + + 
Polychaete 
1arvae 9 157 265 292 66 45 6 264 18 105 

Echinoderm 
1arvae 39 + 727 6 

Branchiostoma 
caribbeaum 11 

Lingula -: 
larva + + + + 

Phoronis 
·larva + + , + + + + 

!Maricolan 
larvae + + + + + 

Ascidian 
tadpoles + + + 1 + + + + + 

Cirripede 
.1arvae 624 59 25 92 66 + 524 

Fish eggs 
and 1arvae 72 108 + + 514 102 2362 16 '11 66 45 

J 
j'-

--.~-. -." .. . .. 
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.TABLE 11 continued 
a ~on 

1 1964 
St t" 3J 1 .. 

%. *' 
1 

A S 0 N D J F M A M J J Avg. 1 
1 
i 

26 115 ·71 26 376 10 79 15 10 1744 32 73 235 

8 38 5 18 30 27 4 34 20 8 . 18 

7 165 33 24 30 1 9 75 24 11 49 

~3 . 181 84 539 528 249 859 411 1059 16 25 145 1891 828 

+ + + + + + + 

8 66 11' 693 72 30 + + 62 1 802 101 24 223 
. , 

297 + + + 25 383 269 79 164 

)6 45 6 264 18 105 20 + + + 18 5 ·138 100 

+ 727 6 

46 

+ + + 

+ + + + + + 

+ + + + + + : 

+ + + + + + + + 

66 + 524 + + 14 52 185 

)2 2362 16 ·11 66 45 + + 236 + 113 1 
396· . 

..... 
h:: \ 

• ·1 -------------- ..... 


