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for 2 minutes at 10 cm Hg pressure. After resuspension in formalin and settling for 30
minutes, the settled volume was diluted five times. A subsample was then removed with a
large~mouth pipette while swirling the diluted sample. Zooplankton were identified under
a dissecting microscope until a total of 400 copepods was reached. Repeat counts were
made in this way from one sample to determine the reliability of the counting method.
Percentage composition of the three dominant species {combined total, 80% of the total
sample) was repeatable within a range of 5%.

The subsample of zooplankton greater than 1.6 mm in diameter was subdivided with
a 3500 um sieve into medium- and large-sized components. The medium fraction was
generally small and all individuals were counted. In the few instances where this was
not the case, a settled volume was read as in the small size-fraction, the sample diluted
five times, and five 5-ml aliquots were counted. All the zooplankton in the larger size
component were counted, with the exception of the largest samples {(mostly euphausiids)
which were divided with the Folsom splitter to achieve a manageable number for counting.
After counting the medium- and large-sized components in the described manner for the
purpose of accurate counting, the numbers for each were combined and referred to as the
large size-fraction.

Research by Pillar (192¢2) demonstrated that species smaller than 1.54 mm in
length were not caught representatively by the 300 um Bongo net. As a result, only
generalizations can be made about species composition, although fortunately the
percentaée differences were extremely high and probably represented true gqualitative, if
not quantitative, population differences. Also, only wet weights and species composition
were recorded for the small size-fraction, leaving no way to determine the absolute
number of individuals of each species in the sample. Attempts to determine relative
weights of each species were not successful, as the amount of fluid retained varied from
species to species and distorted the weights, as determined when comparisons were made
against samples of known composition. Consequently, relative numbers within each species
were estimated using wet weights and percentage composition, assigning equal weights to

each species. Although this required the erroneous assumption that all species were of



equal average weight, the size range within the small size-fraction was narrow enough to

warrant the use of relative numbers in determining the broad trends described below.

Other Methods
Methods used in numerical classification, and other techniques relevant to

specific chapters, are described in the appropriate chapters.



CHAPTER 111

ENVIRONMENTAL CONDITIONS

Introduction

Several aspects of the physical and biclogical environment surrounding the study
site have an influence upon zooplankton distribution in the area. For example, the
contours and composition of the bottom help to determine both current patterns and the
type of benthic zooplankton which contribute their larval stages to the zooplankton.
Wind patterns, both local and regional, alter the currents and determine the horizontal
distribution of phyto- and zooplankton as well as the strength and location of upwelling
sites and eddies of varying depth. These last in turn influence zooplankton distribution
both through physical dispersal and concentration and by determining the availability of
the nutrients necessary for phytoplankton growth., As a final step, phytoplankton
availability ultimately provides the potential for zooplankton population growth,

In this chapter, the local characteristics of each of these factors will be
described, first individually and then as they relate to each other in determining the
characteristics of four water types of specific temperature and salinity ranges to which

zooplankton distribution can be related.

Materials and Methods

In addition to plankton samples, wind direction and speed were recorded at each
station, and a Bissett-Berman 64600 thermosalinograph was used to record surface
temperature and salinity. Temperature sections were compiled from bathythermograph
recordings from the surface to the bottom. Chlorophyll "a", as an indicator of
phytoplankton abundance, was analyzed by spectrophotometer following the method of UNESCO
(1966) from {-litre samples. Samples were analyzed and plotted by Sybrand Mostert and
Gustav Wehmeyer of the Environmental Section of the Sea Fisheries Research Institute.
Patterns over the CELP grid each manth have since been briefly described by Shannon, et

al. {in prep.) Fish eqgs and larvae were removed for examination elsewhere.
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Results and Discussion

Bottom Topography

The entire area from 5t. Helena Bay northward through the study line is shallow,
with a gently sloping bottom (Fig. 3.1). This topography contrasts sharply with the area
immediately to the south, from Cape Point to Cape Columbine, where a marked shelf break
and deep canyons occasionally drive the 200 m isobath to within 20 Km from the coast.
Starting at Cape Columbine, where iscbaths are very closely spaced at the head of the
Cape Canyon, all isobaths of greater than 200 m depth fan out in a northwest direction.
The coast swings eastward into St. Helena Bay, creating a broad continental shelf, which
extends north through the research area. Seaward of the 400 m isobath (approximately 140
km from the coast at Line 14}, the slope increases considerably, but there is still no
marKed shelf break. The outermost station studied, Station 16-12; lies just within 200 m
depth. This wide, gently-sloping shelf, contrasting so markedly with the area farther
south, has a strong influence on the currents of the area (see belowl.

Along the sampling line, there is a fairly rapid increase in depth to 100 m
within the first three miles from shore, followed by a much decreased slope for the
remaining distance. The bottom is covered with a green, organically-rich mud at all
stations, as evidenced by the debris brought up in the nets when they accidently hit
bottom. This was also reported by Buys {1954). The benthos was described by Christie

(1976,

Wind

There is a well-documented correlation along the west coast of South Africa
between southerly or south-easterly winds and upwelling events (Andrews and Cram, 1969;
Andrews, 1975; Andrews and Hutchings, 1980), and several studies have noted the existence
of strong and persistent southerly winds in summer from St. Helena Bay northward (Clowes,
1954, from "Weather on the Coasts of Southern Africa," 1943; Hart and Currie, 1940;
Shannon, 1966; Visser, 1769). There is a frequent reversal to northerly or

north-westerly winds during the late autumn or winter months, which can produce
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more difficult to trace. Shannon (1966) states:
“Results showed that the surface currents were highly dependent on wind
speed and direction, while currents below the surface (for example, at 20
metres) often bore no resemblance whatsoever to those at the surface” (p.
i,

Field, et al, {19%1) report that in shallow, inshore water during the September
to May upwelling season off the Cape Peninsula, surface water moved seaward; whereas
water below 9 m moved shoreward. Similar occurrences of sub-surface onshore currents
during upwelling have been reported off Oregon (Peterson, 197%; Smith, 19&1), off Peru
(Smith, gt al,, 1980) and off NW Africa (Smith, 19%4; Boucher, 1982). Nelson and
Hutchings {in press) report inshore currents to be slugagish in the research area.

De DecKker (1970) analyzed hydrographic data collected on the west coast over a
ten-year period (1957-67) in a study spurred by the occurrence of several incidents of
mass mortality of euphausiids, rock lobsters, and white mussels. He described a
subsurface low-oxygen (<2 ml/1) counter-current (i.e., south-flowing), present primarily
inlate summer to early winter, and often disappearing completely in the spring. (The
average oxygen content on the west coast of South Africa is approximately 4 ml/1 in the
layers from 20 to 100 m.) According to De Decker, the oligoxic water usually, though not
always, lay on the bottom. Occasionally, in late summer or early autumn, it rose to a
depth of 20 m inshore. It never rose above the 10 m level. The average thickness of the
oligoxic current was 20 m (maximum measured thickness, 40 m) and the maximum width 30
miles, narrowing as it moved southward. It never occurred farther offshore than the
second station (16-04), although occasionally in winter and autumn it occurred at the
second station while skipping the first (16-02). Everywhere it occurred within very
narrow temperature and salinity ranges (9-10°C; 34.65-34.75%5),

Bang (1976) confirms the existence of such a counter~current, but believes it to
be only occasionally cligoxic, De Decker and Bang also disagree about the origin of the
current, but there is little doubt that the inshore south-flowing current does exist, at
least in summer and in autumn,

The most significant factor contributing to the productivity of the waters of

western South Africa is upwelling. The mechanism of upwelling is described in detail by

Clowes (19534) and will not be dealt with here. Multidisciplinary descriptions of



upwelling phenomena are described in Boje and Tomczak (1978) and Richards (19&1).

The previously mentioned occurrence in the Benguela Current water of light, warm
water to seaward and cold, heavy water inshore is augmented by a band of upwelled water
of varying width which extends along the west coast of South Africa from Cape Agulhas at
35°S to Cape Frio at 12°3, Off Lambert’s Bay, this inshore band of upwelled water is
only one of three types of upwelling to affect the area.

A second source is an upwelling plume caused by the combined effects of the Cape
Canyon and southerly winds at Cape Columbine. Off both the Cape Peninsula and Cape
Columbine, the narrow shelf and deep underwater canyons provide conditions which enable
tremendous rates (20-30 m/day) of upwelling to develop (Bang, {976). The upwelled water
from these two and other lesser upwelling sites feed large amounts of high nutrient, low
temperature, and low salinity water into the Benguela Current. The Cape Peninsula plume
is probably the southernmost major contributor of upwelled water to the Current (Andrews
and Hutchings, 1980}, Farther north, given a long period of strong southerly winds, the
effects of the Columbine upwelling centre may be felt in an extensive plume of high
nutrient water extending to Line 16 and beyond.

The third type of upwelling to influence the Lambert’s Bay area is caused by
divergence within cyclonic eddies formed by the Cape Columbine Jet during periods of very
strong southerly winds farther south. Bang and Andrews (1976) explain the extreme speed
of the more southerly Good Hope Jet as the result of excess energy caused by a
combination of strong SE winds and the sharp shelf break at the Cape Point Valley, which
carinot be completely absorbed by inshore {rictional forces. The excess energy is
expended in accelerating the Good Hope Jet. It can be assumed, given the similar wind
and bottom features, that similar, if not identical, forces are behind the Columbine Jet,
which is in turn the cause of large cyclonic and anti~cyclonic eddies north of Cape
Columbine. When these eddies are formed, temperature and salinity profiles indicate that
they are occasionally of sufficient strength to overwhelm the effects of both the plume
and the belt upwelling. Smaller shallow eddies are formed by meanders and dissipation of
the jet. Eddies appear in temperature sections as domes or slumps in the isotherms.

Upwelling and current conditions along Line 16 during the time of the study
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period can be summarized as follows: {{) belt-type inshore upwelling during all but late
autumn and winter months, when SE winds dropped inshore, and in November when appropriate
winds were present but their effects overridden by a strong cyclonic eddy centred over
Station 16-04; (2) occasional less—-defined appearances of isolated pockets of colder

water at the outer stations which may represent a cross-section of the Cape Columbine
plume; (3) strong eddies with accompanying doming or sinking, occurring most markedly in
November and January; (4) and an inshore, south~flowing current present to some degree

at varying depths during most months. In February and March, upwelling had lessened
sufficiently for a sharp thermocline to form over uplifted water. More specific details

will be presented in Chapter IV when environmental factors are related to zooplankton

abundance.

Temperature _a_rlg Salinitz

Temperature and salinity data are significant for two reasons. One is that they
are useful indicators of the degree of aging in a mass of upwelled water. The values of
both increase as upwelled water is affected by sun-warming and evaporation but not
necessarily at the same rate, salinity being a more conservative property than
temperature. For example, in summer, low temperature and low salinity water indicate
upwelling. High temperatures and low salinities can mean sunwarming after relaxed
upwelling. In winter, low temperatures and high salinities may indicate the lack of
sunwarming on mixed or offshore water. Taken together, temperature and salinity allow a
more accurate interpretation of events than does either variable viewed independently.

The second reason for their significance is that both parameters can be effective
environmental marKers for temperature- or chemo-sensitive zooplankton. Different members
of the zooplankton often show a strong preference for water of specific physical
properties, using them as niche boundaries (Parsons and Takahashi, 1973). Others are
¥riown to use environmental cues to signal the onset of certain types of adaptive
behaviour (Levinton, 1952), :

Because of the nearly continual upwelling, the entire study area can be

characterized as one of low temperatures and low salinities in relation to the main body
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of Benguela Current water farther out to sea, Isohalines and isotherms roughly parallel
the coast. South Atlantic Surface Water ranges annually from 16° to 2{ C and the main
body of the Benguela Current from 14° to 19°C (Shannon, 1966). Figure 3.4.a shows that
along the sampling line, surface temperatures (Ts) ranged from 11.0°C in January at
Station 16-02 to 19.6°C in February at Station 16-12. Figures 3.4.b-c and show station
and monthly averages. Annual average values increased in a regular manner from the coast
seaward (13.5°C at 16-02, 15.6°C at 16-12), On average, temperatures were warmer in
summer than in winter (16.3°C and 13.5 C°respectively), but when samples were examined
individually, that pattern was reversed at the inshore station. At this station, intense
summer upwelling overwhelmed the effects of seasonal sunwarming, and explains the
existence of both the highest and lowest temperatures occurring within weeks of each
other.

Salinity values (5Ss) over the entire region (Fig. 3.5. a-c) were low (34.69 -
35.42%) compared to the oceanic water farther offshore {averaging 35.5%; Shannon; 1966).
Station averages exhibited an increase to seaward and monthly averages increased in
winter, Values never rose above 35.00% at 14-02 and did so only once at 16-04. When all
72 samples were compared, Ss and Ts values correlated well, but the more conservative
nature of salinity as an indicator can be seen by comparing monthly averages for the two
parameters {Figs. 3.4,5.b). Salinity sections follow a pattern opposite to that of
temperature due to summer conditions of high insolation and the more rapid response of

temperature to those conditions.

Chlorophyll "a" Maxima

Chlorophyll "a" abundance (in g/l is a commonly used measure of phytoplankton
abundance. Chlorophyll "a" maxima (chl "a" max), i.e., the maximum single value found in
the water column, regardless of depth) correlates well with cell numbers off the Cape
Peninsula (Andrews, unpublished data) and in the Walker Bay area {Horstman, 1920), Itis
assumed that the correlation holds in this study. Although there is disagreement over
the exact relationship between pigment content and cell numbers, chl “a" maxima provide a
gocd indication of the amount of food available to ~ooplankton, most of which are either

facultative or obligate herbivores (Lazarus, 1975),






Little publiched information exists concermng chlorophyll "a" values in the
Lambert’s Bay area, Figure 3.6 a-c shows values found along Lire 16 during the sampling
period. Chl"a" maxima are exceedingly high at all times, falling below 2 pig/1 in only
four samples. Patchiness is extreme. the lowest value (1.7 pg/1) occurred offshore
(Station 16-12) in August, 1977, and the highest (29.0 o/} inshore (Station 16-04) in
Qctober. Station averages ranged from 1.4 pg/l at Station 16-02 to 4.% pg/l at Station
16-02, Seaward of Station 14-0& values again climbed, reaching £.4 pg/1 at Station
16-12. Average monthly readings showed phytoplankion to be most plentiful during spring
and autumn (October and March respectively) and least abundant during winter, although
relative to other south and west coast upwelling areas, high phytoplankton values were

present perennially (Hutchings, 1941),

Water Types and Phytoplankton Abundance

The combined effects of bottom topography, wind, and currents are important
insofar as they influence dispersal and aggregation, They are even more significant to
the productivity of the Lambert’s Bay ecosystem as they determine upwelling patterns and
the nutrient levels available for phytoplankton growth. Newly upwelled water is nutrient
rich, phytoplarktor-poor, and characterized by low salinity and temperature. As water
ages, temperature and salinity values rise and nutrients become depleted as they are used
up by expanding phytoplankton stocks. Due to seasonal fluctuations in sun-warming of the
water, wind intensity, and evaporation, and in life cycles and abundance of grazers,
linear relationships were neither expected nor found between biotic factors on the one
hand, and surface temperature (Ts) and surface salinity (Ss) on the other., However,
phyto- and zooplankton maxima showed a distinct relationship to upwelling and the age of
water, or water type.

Because Ss and Te values are functions of water age following upwelling, they may
be used to define categories, or water tvpes, while taking intc consideration seasonal
variation im the relationship between the cingle variables. The uce of water types,
rather than any one environmental measure, provides an effective context in which to

describe the distrit stions of both phytoplankton and zooplankton. Longhurst (1947)
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the wind station was considerable and may not have been entirely applicable:

August 1977 (Fig. 4.2.a) - This was one of the very few sampling periods when no
upwelling was in evidence. Winds had blown steadily from the north-west for a long
period preceding sampling, blowing warm, high salinity water toward the inshore stations.
Both size-fractions were much more plentiful inshore and probably were physically
aggregated there.

September (Fig. 4.2.b) -~ Upwelling was present at the three inshore stations.
Following an increase in southerly winds and the subsequent offshore movement of surface
water, phytoplankton was more abundant offshore than it had been in August. The two
size—-fractions showed differing abundance patterns. Large zooplankton increased
considerably inshore over the preceding month, whereas the small size-fraction continued
to decline.

October (Fig. 4.2.c) - Station 16-02 exhibited strong upwelling, with very low
temperatures. At the middle stations, an isolated pocket of warmer, higher salinity
water overlay the upwelled water in the top 20 m. Temperature and salinity sections, as
well as the winds preceding sampling, suggest the existence of an eddy over this area.
The biomass of large zooplankton again increased in the strongly upwelling water at
Station 16-02. The small size-fraction was somewhat more abundant than in September and
increased offshore; as with phytoplankton in the previous month, this was probably due
to advection. Inresponse to upwelling and increased light levels, chl "a" was markedly
higher than in the preceding months.

November (Fig. 4.2.d) - Samples showed a two-fold increase in small zooplankton,
whereas the large size-fraction decreased. Chl"a" levels were high. Strong southerly
winds for the entire month of October created a jet slightly to seaward of Station 16-04.
Wind, and T and S sections all suggest the formation of eddies that extended from the
surface to the bottom. The biomass of both size-fractions peaked sharply at the edge of
the jet, but showed different distributions in relation to the eddies.

January 1978 (Fig.4.2.e) - Low salinity and temperature values for the entire
offshore distance of the study area indicated that weeks of southerly winds without

reversals had driven the Columbine Jet seaward of Station 16-12. The two inshore
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stations were located on the edge of an eddy as evidenced by the pattern of isotherms,
and biomass values for both size-fractions were highest there. The large size-fraction
was much less abundart offshore; whereas the small size-fraction showed a sharp increase
again at Station 16-10 in warmer water. There is good reason to suspect that predation
acted to reduce zooplankton biomass in the entire area in January (see Chapter VII).

February (Fig. 4.2.f) - Upwelling had relaxed enough to allow the development of
a thermocline {particularly sharp at Station 16-02), and chl "a" levels were low relative
to the spring months. During this month, and at other times when a sharp thermocline was
present, large zooplankton biomass was generally low. At Station 16-04, however; it was
much more abundant, coinciding with a rapid rise in the 10 isotherm. Small z0oplankton
were plentiful inshore and decreased to seaward.

March (Fig. 4.2.g} - Similar conditions were present in March; with a sharp
thermocline overlying upwelled water the entire length of the sampling line. Biomass was
low except at Stations 16-02 and 16-12, where chl "a" max values and an increase in small
zooplankton coincided, and at Station 16-06, where a possible eddy had concentrated large
zooplankton near encugh to the surface to be caught in the nets.,

April {(Fig. 4.2.h) = April conditions were very similar to those in March, except
that the thermocline was less marked as the result of the seasonal lessening in
sunwarming. A south-flowing current, indicated by downward sloping isotherms, was
present below 20 m at Station 16-02. A pocket of slightly warmer water lay over the
middle stations, with an accompanying large increase in the small size-fraction biomass.
The large size-fraction was diminished where the thermocline was most marked.

May (Fig. 4.2.1) - This was the second sampling period to exhibit no upwelling.

The slumping of isotherms over the middle stations showed in T sections again in this
month and may indicate the existence of a long-term eddy. Variable winds and cooler air
temperatures acted to weaken the thermocline somewhat, but it was still strong at the
three inshore stations, where the two size-fractions showed opposite patterns of increase
and decrease. The increase in non-copepod zooplanKton in autumn and winter made the
distribution patterns of the two size-fractions less predictable then than in the months

when copepods dominated the weight of the cample. However, the large size-fraction still
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increased at the shoreward eddy boundary and the small demonstrated unusually large
biomass inshore.

June (Fig. 4.2.) - Wind reversal near the coast on the day before sampling
caused relaxation inshore of Station 16-10 and slight downwelling at Station 16-02. The
sharp thermocline, present during the previous three months, was gone. Southerly winds
and upwelling were still present offshore. Abundance patterns in the two size-fractions
closely paralleled each other.

July (Fig. 4.2.K0 -~ Very cold water was present inshore, the combined effect of
upwelling and lack of sunwarming. There was a predictable peak in large zooplankton
biomass there, but also an unexpected rise in the E;mall size-fraction biomass which was
possibly the result of the great number of bivalve veligers in the sample. This was the
only large occurrence of bivalves, and the calcium carbonate in their shells is
sufficient to give them weight disproportionate to their numbers (M. LaBarbera,
University of Chicago, Pers. comm.). A south-flowing current was present inshore,

August 1978 (Fig. 4.2.1) ~ Several days of northerly wind before sampling had
blown shoreward water 1-2 warmer than that in July in the same area. Large zooplankton
peaks occurred at Stations 16-06 and -10 and coincided with marked upsloping of isotherms
at all depths. Small zooplankon biomass was most plentiful at Stations 16-08 and -10.

Zooplankton data for the inshore station is missing, so cannot be compared.

Standing Stock in Relation to Other Upwelling Areas

Table 4.1 shows the standing stock in gC/m of the Lambert’s Bay sampling
stations, in relation to other upwelling areas of the world, as compiled by Cushing
(1969).

Cushing’s values for the Southern Benguela Region are high in relation to those
found in this study for Lambert’s Bay. Similar nets were used for sampling, and would
not have accounted for the difference. However, Cushing {1969, p.12) had little data
from the Benguela system on which to draw, and seasonal variation in times of sampling
may have been significant. The average monthly values reached in this study showed
little seasonal fluctuation, but seasonality is of greater importance in more southern

areas. Mean annual values found in this study were, however, consistent with those of



Table 4.1. Starding macrozooplankton biowmass, in gC/ul,

standardized to 100 wmetres depth.
that of Laaberi's Bay, were taken

Upwelling irea

California Baja California to roint

Peru

Benruela

Nv Africa

Conception

Point Conception to Cape
Mendocino

Cape Mendocine to Cape
Flattery

Cape Blanco to 10 S
10 S to Africa

Baia dos Ticeros to falvis
Bay

Yalvis Bay to Orance iver
Oranme River to Cape of
Good Hope

Lambert's DBay

Freetown to Dakar
Dakar to Cap Blanc

411 fioures, except for
froa Cushine (1969).

aC/m2

2,81

9

o -

1.12

Table 4.2. 4 comparison of biomass values for the Southern

Benguela region by different workers.

Data were taken from

Hutchines (1979) and converted to oC/ml (wet weirht/ 17.8;
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recent studies of specific west coast areas, as seen in Table 4.2.

It is somewhat surprising to find that zooplankon biomass values for the
Lambert’s Bay area were not considerably higher than those found farther south,
considering the existence of fairly uniform, perennial upwelling conditions in the area.
Because standing stocks of both phytoplankton and fish were high (Crawford, et al.,
1920), it follows, unless the fish are planktivorous, that zooplankton would also be
abundant. Pilchards and anchovy are known to consume zooplankton until gill rakers are
sufficiently developed to allow a change-over to phytoplankton (Crawford, et al., 19€0).
Consequently, the more likely explanation for the middle range of zooplankton abundance
values lies in heavy and consistent fish predation on zooplankton by pelagic fish for
several months of the year. Other, invertebrate predators are also abundant year-round
~in the area (see Chapter V), If this is true, the heavy predation is likely to maintain
very high secondary production rates, while keeping a low standing stock (high P/B).

Another factor contributing to the high productivity in Lambert’s Bay is the
length of the upwelling season. Upwelling was active in nearly all of the twelve months
sampled, . Cushing (1971) states that the productivity of upwelling areas lies not so
much in the size of their standing stock, but in the length of the upwelling season. If
the twelve months sampled in this study were at all representative of conditions in the
area, upwelling is a nearly continuous phenomenon. This would provide an extremely long
productive season, as well as great environmental predictability. Low standing stock can
be explained by predation, and high annual productivity by rapid turnover and the long

upwelling season.

Conclusions
The small-fraction, large-fraction, and total biomass values were, in general,
high inshore and decreased to seaward, following the same general pattern as that of chl
"a". Station 16-06 was an exception to this trend and merits further discussion. The
unexpectedly high values at this station exceeded those of even the inshore station
several times - twice for total biomass, three times for the small size-fraction, and

twice for the large size-fraction. No explanation for this high zooplankton abundance



was obvious from the environmental variables. Temperature and salinity values were not
unusually low there, nor were chl "a" values especially high. This station was the site

of two large population increases, one of small copepods and euphausiids in November, and
another of euphausiids in August 1978, but even after those months were excluded from
calculation, biomass values remained high. A more likely explanation lies in the fact

that this station, more than any other, came under the influence of all of the three

types of upwelling described in Chapter III - inshore belt-type upwelling, the plume
upwelling associated with Cape Columbine, and upwelling caused by diver‘ge_nces in eddies
formed from the Columbine Jet. These three factors did not all operate at any one time,
but, depending on the wind regime, each sometimes extended its influence into the area
arpound Station 16-04, decreasing the likelihood of food depletion in mixed, low nutrient,
low chl "a” water. In addition, Station 16-06 was often located on the edge of a jet or

an eddy, where the additional factor of physical aggregation may have been significant.
During the months of strongest upwelling (November and January), Station 16-08 appeared
to be similarly affected.

Temporally, total biomass showed several peaks throughout the year, the largest
in late spring, and two others in winter. These peaks showed no statistically
significant correlation with physical conditions (Appendix D), and no explanation for
their temporal distribution was obvious. There were, however, distinct differences in
distribution between the two size-fractions, and each pattern, taken individually, was
more amenable to interpretation.

As seen in Figure 4.2, only November, Apfil and June showed parallel fluctuations
in abundance between the two size-fractions. Large zooplankton showed their greatest
increase in September, coinciding with the increase of upwelling. The small zooplankton
biomass was still decreasing in September, increased only slightly in October, but more
than doubled in November, two months after upwelling was first apparent, and one month
after a large phytoplankton increase. Although the abundance of larger animals peaked
only twice per year, the smaller animal community oscillated in a bi-monthly cycle in a
pattern which was maintained throughout the entire vear except for late winter. The

large size-fraction showed relatively small biomass fluctuation throughout the year,
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while the small size-fracticn showed a marked fluctuation.

While station biomass averages for both size-fractions gererally decreased
seaward, the percentage of small zooplankton in the total sample increased in that
direction. In addition, the range of the monthly small-to-large ratios at each station
was much greater inshore than offshore. This change can be explained by the habitat
preferences of the dominant copepods in each size—fraction (see Chapter VI), the large
being more abundant in freshly upwelled water and the small showing a preference for
warmer, somewhat aged water. For most months, small zooplankton were the more plentiful.
However, when very strong upwelling occurred during sampling, they were dispersed
offshore and large zooplankton, present in the upwelled water, took their place. Whena
thermocline developed, the population of large animals declined dramatically and small
zooplankton once again dominated the inshore waters, Intermediate conditions produced
intermediate ratios.

Different temporal and spatial trends between the size groups can be related to
maximizing the efficiency of food utilization in a system which is prone to sporadic and
thorough cycling of producers and consumers over short time periods. Both fossil and
recent bottom sediments indicate that upwelled areas are inefficif?nt in the sense that
food produced is under-utilized to a large degree. Heinrich (1962) states that the
efficiency of food utilization between trophic levels depends on coincidence of
production peaks with maximum consuming intensity; because both producers and consumers
vary seasonally, efficiency is related to the life histories of plankton. He identifies
three different strategies for maximizing efficiency: 1) the first spring breeding
deperds on the spring phytoplankton bloom, and maximum zooplankton biomass follows the
maximum phytoplanktorn biomass; 2) breeding is independent of the spring phytoplankton
bloom, often occurring in winter, with the young copepod (copepodid stages IV and V)
maximum occurring concurrently with the spring bloom; and 3) reproduction occurs
year-round, with brood size dependent upon food availability; in this case, the broods
overlap, with several in one year. These strategies are readily applicable to Lambert’s
Bay zooplankton. Although seasonal variation in primary production is minimal at

Lambert’s Bay, cycling in upwelling areas has been equated (in terms of response to















brought a decline, followed by a more precipitous drop in March. A modest but sustained
recovery took place in April and continued for the rest of the year except for a moderate
decrease in July. In both absolute numbers and in percentage of sampley amphipods were
least abundant at the two inner stations and most abundant at the middle stations.

Amphipods in the large size-fraction (fig. 5.1.c.d) followed a pattern very
similar to that of the smaller amphipods, but with peaks appearing from one to two months
later, presumably reflecting the progression of the group through growth stages. They
comprised a much bigger percentage of the total zooplankton than did the smaller
amphipods (up to 57%). Large amphipods were absent from the sample only once, at
Station 16-10 in August, 1977. They also were most abundant at the middle stations,
except during February, the month of their greatest abundance when the taxon appears to
have centred farther offshore.

Progression through growth stages in the amphipod population can be seen by
comparing the patterns of abundance peaks throughout the year in the two size~fractions.
An overwintering group of late jveniles or adults produced a spring increase in young
amphipods which reached its peak in November. The autumn recovery, which does not appear
among the larger animals until May, is already apparent in April in the small amphipods,
presumably the result of eggs produced in late summer. While the small amphipods are
most numerous in November, the large size-fraction is greatest in February. March was
the only month when amphipods as a group were not a significant proportion of the total
zooplankton biomass somewhere in the study area.

In general, amphipods were characterized by late winter and spring lows and
summer and winter highs. The winter high was approximately one-fifth of that in the
summer. The evidence shown by the histograms suggests two overlapping generations per

year.

Chaetognaths

Chaetognaths are also known predators of copepods (Russell-Hunter, 1979;
Levinton, 1982). Due to this fact, and to their extremely large numbers in the inshore
area, they must be considered of great importance in any study of the latter.

Russell-Hunter (1979) states: "Ecologically, they are predaceous carnivores, feeding on
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predation by increasing numbers of fish recruits (Shelton and Hutchings, 1979; Crawford,

et al., 1980), would bring an end to the repeating cycle until the next spring.

Euphausiids

In terms of biomass, euphausiids were the most abundant of the macro-zooplankton,
excluding copepods. They were less numerous than chaetognaths inshore but had a more
even distribution, being found along the entire sampling line in substantial numbers.
Their abundance and omnipresence make all of their developmental stages - eggs: nauplii,
calyptopis and furcilia stages, jveniles, and adults - important to the ecosystem of
Lambert’s Bay and, in particular, to copepods as prey, competitor, and predator,
depending on size. Although once thought to be exclusively herbivorous, coastal and
shallow water species in particular are now known to be opportunistic feeders, taking any
appropriate food item that presents itself either to a filtering or a raptorial capture
system (Theilacker and Lasker, 1974). This ability places them among the potential major
predators of both copepods and fish larvae.

The distribution of euphausiid eggs (Fig. 5.3.a,b) showed strong seasonal
variation, A late winter and spring group, they were abundant from August, 1977 through
January, 1978, and comprised nearly 40% of the zooplankton sample from Station 16-12 in
August, After a sharp February drop in number, they remained relatively scarce, but
increased fairly steadily through August, and were present at at least two stations per
month even during that time, Histograms for relative weights and for percentage of total
sample show essentially the same patterns., Euphausiid eggs comprised from 0% to nearly
40% of the entire sample; with wide~ranging fluctuations from month to month and from
station to station. While they were found at all stations at some time during the year,
they occurred most frequently at the three outer stations, where the warmest water of the
area was found.

Nauplii (Fig 5.3.c,d) abundance patterns were very much the same as those for
eggs, a finding not unexpected considering that hatching time is short (King, et al;
1978). The autumn increase was more similar in size to that in the spring, perhaps

indicating predation pressure in the spring. Also apparent was a more precise

relationship with a specific water type.



There were large numbers present when sampling began in August, 1977, and numbers
remained high until January, In February, nauplii were absent. Small numbers reappeared
in March, and low levels were maintained for the rest of the sampling pericd except for
an isolated two- to three-fold increase in July. Peaks for any given month occcurred at
Stations 16-08 and 16-10 with only two exceptions. Nauplii were always either
non-existent or very rare at Station 16-02, and only slightly more abundant at Station
16-04. The percentage of nauplii in the total sample ranged from 0-22%. The group
showed geographical consistency, peaking at the middle stations and diminishing at both
ends of the line, and may indicate that even the naupliar stages are not completely
passive in their distribution.

As seen in Figure 5.3.e,f, calyptopis stage euphausiids have much the same
temporal distribution as eggs and nauplii. However, they continue the trends begun in
nauplii of narrowing both the geographical range and the difference in size between the
spring and autumn peaks. They ranged from 0-17% of the total sample.

Only the smallest of the furcilia stages were present in the small size-fraction,
unlike eggs and naupliar and calyptopis stages which only occur there. There is a slight
shoreward movement apparent in the larger individuals., The distribution of those in the
large size-fraction is shown in Fig. 5.3.g;h. November showed the greatest absolute
number as well as the greatest percentage (14%), but there were additional peaks in
September, 1977 and July, 1978. Aside from those peaks, numbers were low and generally
constituted less than 5% of the zooplankton total. However, during all months except
January were present at three or more stations.

The distribution patterns of number/1000m and percentages of adult and juvenile
euphausiids were markedly different from those of the developmental stages which preceded
them. Percentages of total sample ranged from 0-70%. Three distinct peaks are apparent
in the histograms in Fig. 5.3.i,j - early spring, mid-summer, and winter. The first and
last may actually be parts of the same seasonal (winter) increase of different years,
shifted somewhat by the annual variation in conditions. Although the maximum abundance
for each month still occurred most often at the middle stations, the addition of

Juveniles and adults to the euphausiid population increased the total number found
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inshore in upwelled or aged, upwelled water.

Stomatopod Larvae

With the exception of a few individuals, stomatopod, or mantis-shrimp, larvae
were found only in the large size-group. They were surprisingly common in the study
area; out of the 72 samples taken, they were absent from only six and constituted up to
34% of the sample at the maximum (Fig. 5.4). For eleven out of the twelve months,
stomatopods were most abundant numerically at either Stations 16-02 or 16-04, but outside
of these peaks, their numbers were fairly uniform across the study line and often
comprised a la.rger proportion of the zooplankton population offshore. They were abundant
in all but the late autumn months, and at a maximum in late winter and early spring.
Because they are known to be solitary, bottom-dwelling predators, it was surprising to
find so many present in the plankton on a permanent basis. However, Morgan (1980}
reports, "The temperate species Oratosquilla oratoria, common in Japan, has a 5-month

duration in the plankton (Senta, 1967), and Pterygosquilla armata schizodontia was

discovered to remain in the plankton for up to nine months (Pyne, 1972)." (p. 698.).
Morgan goes on to stress their impact on other zooplankton.

"The abundance and duration of the larvae as part of the plankton may be
important factors in the ecology of the Chesapeake Bay, since the larvae
not only serve as food for a variety of organisms, including commercially
important fishes, but are also rapacious predators themselves, thriving on
other members of the planktonic community” (p.693 ).

The Seasonal Zooplankton

Bivalve Veligers

Bivalve veligers are filter-feeding herbivores (Russell-Hunter, 1979) that
occurred only in the small size-fraction. Considering that their shells gave them a
weight disproportionate to their numbers (see p. 7) and that numbers were calculated
using sample weights, their abundance must be assumed to be very small. Predominantly a
winter group, only scattered individuals were found from November through May and
moderate numbers appeared in August, 1977 and in June and July, 1972, Twice, however,
they constituted a considerable percentage of the total zooplankton sample, 26% in June

at Station 16-02 and §5% in July at 16-02. In spite of showing a maximum percentage at



Station 16-08, they were primarily an inshore group, occurring most often at Station
16-02, somewhat less often at Station 16-04, and rarely at the other stations. During
three months they occurred only at 16-02. Anchovy are Known to feed on them (Hutchings,
pers.comm.}, and they may compete for food resources with copepod nauplii during times of
scarcity, During the year of this study, however, chl "a" max values were within
moderate ranges during peaks in bivalve abundance, and competition was unlikely to have

been significant.

Cladocerans

Cladocerans, with few exceptions Evadne, were almost exclusively an offshore
winter group. Although properly a member of the permanent zooplankton, their seasonal
appearance in Lambert’s Bay makes them more appropriately discussed in this section.
Their population showed a slight spring increase, but it was negligible in comparison to
the ten-fold increase in winter, when it comprised 16-18% of the total small-sized
population at all three of the outer stations in June. No individuals were found from
January through March, and very few during any other month. Station 16-12 showed the
greatest number of occurrences, and the number dropped steadily in a shoreward direction.
As raptorial carnivores (Russell-Hunter, 1979), they must be considered potential

predators on copepods.

Decapod Larvae

August through November 1977 were the months of greatest occurrence for decapod
larvae, with the maximum occurring in September at Station 16-12. Because their spines
prevented them from passing through the finer meshes, all but the very smallest were
found in the large size-fraction. No effort was made to identify the several genera
represented in the samples. Of interest, however, was the appearance of relatively large
numbers (>200/1000m ) of a large penaeid {(probably Solenocera) at the outer three
stations, particularly in February, but in lesser numbers from February through April,
with occasional appearances at other times. At its peak this decapod composed 7% of the
total large zooplankton population. From August until October 1977, decapod larvae were

found at all stations along the line. A marked drop occurred in the population in



January when they occurred only at Station 16-02 in small numbers.

It appears that there were two distinct groups of decapod larvae. The first was
an inshore, winter-spring group composed of many species and only once totalling more
than 5% of the large zooplankton total. The second was an offshore, late summer-autumn
group composed of one species which comprised up to 10% of the population. The

winter-spring group peaked in September, and the summer-autumn group in February.

Echinoderm Larvae

Echinoderm larvae were present from late autumn to mid-winter, with May the month
of greatest abundance. At that time they constituted over 20% of the total zooplankton
sample. They were absent during all other months except for a sizeable (6%) but isolated
appearance in August, 1977. This may have represented the end of the bloom of the
preceding year. The middle stations were populated most heavily. Echinoderm larvae are
too small to be serious predators on any but the earliest stages of copepod life. Their
significance, if any, to copepods would most likely be as competitors with nauplii for
very small food particles, as prey for predacious copepods, or as alternative food source

for non-copepod predators.

Tunicates

Tunicates, like cladocerans, are strictly speaking members of the permanent
zooplankton. They were nearly all salps and doliolids, and were a winter and spring
group, occurring almost exclusively at the three outer stations. The small doliolids
were most abundant in July and August (approximately 15%) and the large in August and
September, probably reflecting ontogenetic growth within the group. At all other times
they ranged from 0-5%, if present at all. Their absolute numbers followed a pattern
almost identical to their percentage distribution.

Although only a small part of the total zooplankton community, salps and
doliolids are Known to be voracious feeders on both small phyto- and zooplankton
{Russell-Hunter, 1979) and have been shown to decimate an area when abundance levels are
high. However, their filtering mechanisms clog and they have been known to rupture in

dense plankton, and so are most efficient in oligotrophic water (Alldredge and Madin,
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1982),

The Less Common Groups

Cypris Larvae

Cypris larvae occurred fregquently, but were never very abundant, from August
through November 1977. During that time they occurred at no more than four stations in
any given month. Their population declined in January and only scattered individuals
were found for the rest of the sampling period. At no time did they constitute more than

1% of the total sample.

Medusae

Medusae were generally more abundant in winter and inshore, both in terms of
numbers and in-relation to the total zooplankton population. During June and July they
were present at nearly all stations reaching 9% of the total large zooplankton. During
the other months of the year they rarely exceeded {% and were present at scattered

locations along the line. They were least common from January through March.

Siphonophores

Siphonophores were never more than 3% of the total sample. They were present in
winter and early spring, primarily from July through September for the small members of
the group and through November for the large. They were completely absent in May.
Siphonophores were most abundant, both in relation to themselves and to the other large
zooplankton, at the three offshore stations, particularly Station 16-08. They were never
found at Station 16-02. The highest absolute number {497 individuals/1000m ) was
recorded in September at Station 16~08, and the highest percentage of the sample in

August, 1977 (10.2%),

Dthers
In addition to those phyla whose occurrence in the samples has just been
described, there were others which were occasionally present. Their numbers were too

small to allow reliable quantitative assertions to be made about their distribution.



They were: cumaceans and mysids, usually found inshore, most often in winter but not

exclusively so; gastropod larvae; polychaete worms and ostracods.

Conclusions

On superficial examination, the distribution of zooplankton in Lambert’s Bay,
with its larger spring and smaller autumn peak, has an apparent two generation annual
tycle with population size dependent on the size of the phytoplankton maxima. While this
is true in part and is to some degree a matter of scale, a closer l1ook at the fine
structure of the Lambert’s Bay environment presents a far more complicated picture. The
distribution of non-copepod zooplankton described in this chapter hints at some of the
intricate interactions between the community members. These will be discussed here in
part, and in more detail in the next chapter when the role of copepods will be added to
the overall picture.

Firstly, all of the permanent members of the Lambert’s Bay community are
relatively large, and at least facultative carnivores in their adult form. Chaetognaths
and stomatopods are obligate zooplankton predators. All of these permanent groups showed
a sizeable spring increase in young stages. By adulthood, this increase was lessened by
differential mortality until the adult members showed a fairly even temporal
distribution. Stomatopods were an exception to this and showed a more marked autumn
decline than the other groups. This may reflect their bottom-dwelling habit, indicating
an exodus from surface waters in those months rather than a decrease in numbers. In
addition to a smoothing of temporal distribution, there was movement with increasing age
toward colder water. (This shoreward movement, in addition to that for copepods, is
illustrated in Figs. 6.7,2,2 in the next chapter.) In general, the permanent zooplankton
were less specific to either water types or range of phytoplankton abundance. This may
have been the result of a number of factors, in particular, size-related increase in
tolerance limits for temperature and salinity, decreased dependence on phytoplankton
combined with increased effectiveness as carnivores, or increased mobility allowing for
foraging over greater ranges.

Secondly, all temporary members of the zooplankton community had population peaks






CHAPTER VI

THE COPEPOD COMMUNITY

Introduction
In this chapter, the distribution patterns of copepods as a whole and of
individual copepod species will be described in relation to spatial and temporal changes
in physical and biological conditions. Questions which will be addressed are:
a. how are copepods distributed in space and time throughout the study
area;
b. how is the distribution of dominant species of both size-groups
related to water type; and,
¢. what is the relationship between copepods and the other zooplahkton

coexisting in the same area.

Methods

Numerical Classification

In order to process the large amount of data collected on copepods and their
environment from the 72 sampling stations, various techniques of numerical classification
were employed. These were primarily methods developed originally for use in taxonomic
problems and later refined for use in ecological studies (Sneath and Sokal, {973; Field,
et al.; {982). The Bray-Curtis Similarity Measure, utilizing relative weights/1000m ,
was used for the smaller copepods, and grouped stations according to similarity of
species composition using group-average sorting. Data was not transformed. The same
method was used with the large size fraction, using standardized numbers rather than
weights. An attempt was made to group species and their associated environmental
parameters with the McConnaughey Species Analysis, again using group-average sorting with
the modifications proposed by Field, et al. {1982). This analysis was based on presence
or absence only.

After the station clusters were identified, an R x C Test for Independence (Sokal

and Rohlf, 1969; pp. 599-600) was used to quantify the relationship between these
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clusters and the water types identified in Chapter III. Comparative abundance within the
species was shown by using relative weights in the small size-fraction and relative

numbers in the large size—fraction.

The Problem of Size Overlap

The majority of the 28 species found in the small size-fraction were exclusive to
that size group. However, of the five dominant species of that size-fraction, the
second, third, and fourth most abundant species were predominantly jveniles and small
adults of species that spanned both size-fractions. This factor complicated both the
establishment of absclute numbers of individuals in the intermediate-sized species and
the determination of the abundance patterns of the two size groups. Although the other
two species comprised more than half the sample most of the time, in interpreting the
distribution patterns of the two size groups, the following two factors must be
considered.

First, although the presence of young members of the large species may have
distorted the small samples, the reverse was not true except where large amounts of
gelatinous or phytoplankton debris clogged the nets allowing the retention of smaller
animals than usual. In those cases, numbers were clearly questionable for all aspects of
the sample and are noted on the histograms. Consequently, the samples from the large
size~fraction can be considered as accurate in terms of size-distribution as sampling
procedures allow.

Secondly, if large copepods as a group have size-related life histories different
from those of small copepods, then their young stages would be expected to smooth out
fluctuations in abundance histograms. This was indeed a characteristic of the histograms
for copepods in the small size-fraction.

The guestion of distinguishing whether the relatively uniform average spatial and
temporal distribution was either a characteristic of the small species of copepods or was
a consequence of the interjection of small growth stages of large species was answered by
the close examination of abundance patterns of each of the individual dominant species.
Because the dominant species constituted a very large percentage of nearly all samples,

this approach made it possible to distinguish the inter-relationship between species life
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history patterns and body size,

Results and Discussion

Size~related Distribution

The distribution pattern of each of the two size-groups of copepods was in
essential agreement with the size-related distributions within the entire zooplankton
sample. In the total sample, the smaller size-group fluctuated a great deal among the 72
stations, and numbers decreased to seaward. In the larger group, there was less
short-term fluctuation, a longer time between peaks, and, spatially, a mid-line decrease
in abundance.

The similarity in distribution between the small copepods and the entire
size-fraction is to be expected because they averaged &3% of the samples. In the large
size-fraction, the pattern followed by copepods alone exaggerated the trends of the total
sample. Where non-copepod groups formed a larger proportion of the total populatibn,
they smoothed out the seasonal and spatial variations which were more clearly visible in
the copepods alone.

Thirty species of copepods appeared at least once in the 72 samples collected
from the Lambert’s Bay transect. In addition, calanid juveniles of undetermined species
were pooled to form an additional category of small copepods. These are included as a
"species" in the species list and subsequent discussion. Of the 30 species, 28 appeared
in the small size~fraction and {3 in the large. Thirteen species occurred in both
groups; 15 appeared only in the small size-fraction. Only 2 minor species occurred

exclusively in the large group.

The Small Copepods

The small-sized copepods, shown in Fig. 6.1 can be summarized as decreasing in a
seaward direction and as maintaining fairly uniform and sizeable numbers year-round.
They ranged from 40-99% of the total zooplankton of that size range, and averaged &3%.
The biggest proportion of copepods in relation to other groups occurred during the late

summer and early autumn. Although absolute weights were highest inshore, small copepods
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comprised a greater percentage of the total copepod population offshore.

Fig. 6.1.a shows that small copepods were most abundant at Station 16-06 in
November and least abundant at Station {6-12 in July. Values for the percentage of
copepods in the total size-fraction (Fig. 6.1.4b) displayed more uniformity than did the
values for relative weights. In general, small copepods made up the greatest fraction of
the total in late summer and early autumn, when most other taxa experienced a sharp
decline, Numbers also remained fairly high during that time. When averaged over the
year (Fig. 6.1.0), relative weights were highest inshore (Station 156-02) and lowest
offshore (Station 16-12).

When monthly fluctuations were smoothed by twos (Fig. 6.1.d), the uniform size of
the small size-fraction throughout the year became apparent. (However, the large
short-term fluctuations were hidden; these fluctuation were not present in all species,
and therefore were not considered to be random patchiness.) There were slight spring and
autumn increases of similar size, but seasonal variation was surprisingly small. Winter
values were somewhat lower than those of the rest of the year.

Figure é.1.e clearly shows the trend toward decreasing numbers with distance from
the coast. As already mentioned in Chapter 11, these values must be treated with caution
because of the very high probability that most copepods will be found at or above the
thermocline. Values at Station 16-04 were lower than the general spatial trend would
lead one to expect, while those at Station 16-06 were higher. Both stations frequently
came under the influence of powerful eddies and jets, suggesting that values there may be

in large part the result of physical dispersal or aggregation {(see Chapter IV),

The Large Copepods

Both the spatial and temporal distributions of large copepods were markedly
different from those of the small, Figure é.2.a shows that they were most abundant at
Station 16-02 in June, and least abundant at Station 16-04 in March. They constituted
from 7-95% of all large zooplankton, with an average of 49% (Fig. 6.2.b). When averaged
over the sampling line (Fig. é.2.c), copepods were most numerous in June, but were almost
as plentiful for the entire period from August 1977 through January 1978. April samples

contained the fewest. The average inshore (Station 16-02) abundance value was markedly
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higher relative to other stations, in contrast to the more even spatial distribution
- among the small copepods. Station 16-06, where small copepods were plentiful, showed the
lowest average value (Fig. 6.2.e). Seaward of Station 16-06, numbers again increased to
seaward. Whereas small copepods showed only a two-fold temporal and spatial increase
from the least to the most, the large copepods increased approximately four times.
Spatially, the average numbers inshore were nearly nine times the offshore low.
Smoothing by twos (Fig. 6.2.d) effectively summarizes the general temporal
pattern. Large copepods increased fairly steadily in number from a small winter
population; when sampling was initiated, until January when the population began to
decline. A sharp February decrease was followed by another smaller increase in the late
autumn. In comparison with the smaller ones, the large copepods experienced less
short-term fluctuation and more distinct seasonal variation, and were least abundant in

the autumn rather than in the winter.

Numerical Classification

The Bray-Curtis similarity measure, applied to the small copepod data, clearly
distinguished fiVe different groups of stations at the 73% level of similarity (Fig.

6.3). One group, however, consisted of only one station, and was not considered further.
When tested with an R x C Independence Test (Sokal and Rohlf, 1969, pp.599-600), the null
hypothesis of independence was rejected (P < .005; Appendix D). As shown in Fig. 6.4 and

in Table 8.1, Group A was found inshore in the coldest upwelled (UW) or aged upwelled

water (AUW). Group B, the largest group, was also found inshore, but extended farther
seaward and was associated most strongly with aged upwelled or mixed (MW) water. Group C
was never found in newly upwelled water, and was centred still further to seaward in
primarily mixed water. Group D was found strictly in warmer, offshore water (WW) in

later winter or early spring.

Because the McConnaughey Species Analysis is based on presence-absence, it helped
little in identifying species clusters (Fig. 6.5), because differences between species
groups in the Lambert’s Bay area lie in the relative abundance of species occurrence,
rather than in the occurrence or non-occurrence of particular species. All of the major

species were included in one group of 93% similarity and associated with cold, low












THELE &.1
Spatial and temporal abundance distribution of all cpeciec,
grouped by ceason and location. Abundance categories - =1
occurrence; © = rarey ¢ = caommon; d = dominant. Seasons — wintep
(Jun~Aug), spring (Sept-Nov?}, summer (Jan-Feb), and autumn
(Mar-May). Leocations - inner = Stations 16-02, -04; middle =
Stations 14-04, -0&8; outer = Stations 1&-10, -12).
Small Copepods bii Sp Su AU In Mid Out Tot
ARcartia spp. r r 1 - 1 g & 11
Aetideus armatus r u r r 3 & i1 20
calanid Jduveniles C c r r g 149 g 32
Calanoides carinatus c c c c 249 24 24 72
Calanus finmarchicus - r - - - 1 1 2
C. tenuicornis - 1 - - - 1 - i
Calocalanus pavo 1 1 - - - -~ z 2
C. tenuis . r r - - 1 2 4 7
Candacia bipinnata u u - - - 2 7 ¢
Centropages brachiatus c C d d 249 24 24 72
Clausocalanus <spp. c c c C 24 24 22 70
Corycaeus spp. r u - r - 8 & 12
Corycella spp. - r - - - 1 1 2
Ctenoccalanus vanue d d d d 24 24 249 72
Eucalanus <spp. r r - - 1 3 S g
Euchaeta spp. 1 r - = - 3 3
Gaidius sp. 1 - - - - ~ 1 1
Heterorhabdis spp. r r - - 1 z 3 &
Mecynocera spp. r r - - - - 4 4
Metridia lucens d c c d 2 23 24 71
Nannocalarnus minor C u r u 11 11 17 39
Oithona spp. u c u c 18 2 249 3s]
Oncaea <pp. u C r r 4 10 14 33
Paracalanus parvus C c c C 24 24 23 71
Pleuromamma spp. u u r i 3 = 12 23
Pseudodiaptomus <pp. - r - - 1 3 3 7
Rhincalanue nasutus u c u c 16 24 24 &4
Scolecithricella spp. r r u u 3 11 12 23
Temor a { u - r 1 3 4 a
Large Copepoads Wi Sp Su Au In Mid Out Tot
Aetidiuse armatus r U r r 2 z 3 7
Calancides carinatus d c c c 23 22 22 &7
Candacia bipinatta c c r r 3 12 14 29
Centropages brachiatus d d d d 2z 24 24 70
Corycaeus spp. u C { - - 3 4 7
Eucalanue spp. u ot r - 3 g 14 25
Euchaeta spp. C C - { 1 4 Ed 13
Heterorhabdis spp. r t 1 1 1 2 2 3
Metridia lucens d d u d 21 1& ] ST
Mannocalanus minar u r - - 2 a 2 14
Oi thaona spp. C C 1 - - 1 ¥ 10
Pleuromamma spp. c u u - 2 3 2 g
Rhincalanue nasutus=s d d d d 24 24 24 7z
Claucsocalanus ingens 1 r - - 1 1 1 3
Scolecithrix spp. 1 r - - - 1 1 2
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Fig. 6.3, The three most abundant occurrences of each of the major
zooplankton groups, shown against water types: Euphausiid eggs,
naupliiy calyptopis stage, furcilia stage, juveniles/adults; amphipods
- large and small; chaetognaths - large and small; decapods;
stomatopods; cladocerans; tunicates; bivalve veligers; and copepods -

large and small.
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Fig. 6.9. The three most abundant occurrances of each of the
major zooplankton groups, shown against water types:
Euphausiid eggs, nauplii, calyptopis stage, furcilia stage,

Jveniles/adults; amphipods - large and small; chaetognaths -
large and small; decapods; stomatopods; cladocerans;
tunicates; bivalve veligers; and copepods - large and small.
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of sample) along the study line. The stations were combined, in groups of two, intc;
inshore (16-02, -04), middle (16-08, -08), and offshore areas (16-10, -12).

Small copepods were dominated, in both absolute numbers and as percentage of
total sample, by the following species listed in order of decreasing abundance:

Ctenocalanus vanus, Centropages brachiatus, Calanoides carinatus, Metridia lucens, and

Paracalanus parvus. Each of these species occurred at a minimum of 71 stations. The

dominant species among the large copepods, also in order of decreasing abundance; were:

Rhincalanus nasutus, Centropages brachiatus, Calanoides carinatus, and Metridia lucens.

Each of these species were found in all 72 samples,

The five major species of the small size-fraction constituted more than 50% of
the total zooplankton sample nearly 0% of the time. In the remaining 20% of the
samples, the percentage occupied by the five dominants fell gradually to somewhat under
40%. At the other extreme, two species appeared only once, and thirteen species occurred
in 10 or fewer samples.

Dominance by a small number of species was even more marked among the large
copepods. Out of the 72 samples, the 4 most abundant species comprised 0% of the samﬁle
70% of the time, and at only 3 stations did they fail to reach 50%.

Ctenocalanus vanus and Rhincalanus nasutus were strong dominants in the small and

large size-fractions respectively; information on distribution and life history of each

was determined only from one size-fraction. Centropages brachiatus, Calanoides

carinatus, and Metridia lucens spanned both size groups and consequently absolute numbers

of each were difficult to compare with Ctenocalanus vanus and Rhincalanus nasutus.

Paracalanus parvus, like Ctenocalanus vanus was found solely among the small copepods,

but was not present in the extremely large numbers of the other major species. Each of
these six species comprised >10% of {0 or more samples and was present in at least 71 of
the 72 samples of one or both size-fractions. They were accordingly given special
attention as ecosystem dominants. Each is described separately in the next chapter.
Continuing with the less common genera, those with the narrowest range of

occurrence were Calocalanus pavo (2), Euchaeta spp. (3), Gaidius sp. (1),and Mecynocera

spp. (4), all of which appeared exclusively at the 2 outer stations. (Here, and in
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following paragraphs, the number in parentheses denctes the number of samples in which
the named genera were found in the small size-fraction, unless the large size-fraction is
specifically noted). All of these genera occurred only in the samples of highest

salinity and relatively warm water and at the same two stations, during August and
September 1977. Their presence can be considered indicative of the presence of warm
water.

Expanding their ranges in a shoreward direction, Calanus finmarchicus (2), small

Corycaeus spp. (12), Corycella spp. (2), and Scolecithrix spp. (2), the last solely from
the large group, were present at both outer and middle stations. Large Corycaeus spp.
also occurred at the middle and outer stations in the large size-fraction, but less

frequently than did the small members of the genus. Small Candacia bipinnata followed

the same distribution pattern, but the large individuals of the species were found in
more samples and in much greater abundance inshore than were the small individuals
offshore. All of these were winter/spring genera, found rarely, if at all, at any other
time of year, They did not occur in recently upwelled water.

Several genera appeared in all three areas, abundance usually increasing with

distance from shore. These were: Acartia spp. (11), Aetideus armatus (20 sm. + 7 1g.),

Calocalanus tenuis (7), Eucalanus spp. (¢ sm. + 25 1g.), Heterorhabdis spp. (6 sm. + 5

1g.)y Nannocalanus minor (39 sm, + 14 1g.), Oithona spp. (63 sm. + 10 1g.), Oncaea spp.

(33), Pleuromamma spp., (23 sm. + 8 1g.), Pseudodiaptomus spp. (7), Rhincalanus nasutus

nauplii and early copepodid stages(é4), Scolecithricella spp. (28), and Temora spp. (8).
The only genera more common at the middle stations were calanid juveniles too small to be

identified to generic level, and Calanus tenuicornis, which appeared only once.

Clausocalanus spp. were evenly distributed spatially. All genera in this group may have

utilized different water types at specific periods in their life cycles.

Conclusions
Figure 6.9 shows the shift across water types, both within taxa and by different
taxa. Any vertical section through the figure provides a grouping of taxa which include
both predators and prey. Many taxa fall into bo‘th categories, either at different times

in their life cycle, or in relation to different groups. Raptorial predators, such as
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In offshore waters conditions were less variable and ratios were more uniform.
Consequently, inshore ratios ranged from one extreme to the other, while offshore values
stayed close to the middle of the range.

When individual species were examined, short-term fluctuations were found to be
characteristic of the three smallest species. This was to be expected in species of
probable short generation time and those most susceptible to physical aggregation; by
virtue of their small size or preference for surface water (specifically the case in P.
parvus, but very likely true in other small copepods as well). The overlapping of
generations within species and between species, combined with the intrusion of the young
stages of larger species, presented a picture of uniform average distribution over time
and large fluctuations within short time periods.

Within the large size-fraction, R. nasutus (with nauplii in evidence only in
October and November), and M. lucens (because of its very regular annual abundvance
cycle), appeared to produce only one generation per year. The distribution of the two
size-fractions in C. carinatus , as well as data for sister species, suggests a two
generation year. All large species showed a sharp populaton drop in the autumn months,
when a sharp thermocline appeared across the sampling line, and generations appeared to
become synchronized at that time. The autumn decline was not present in small copepods,
suggesting that larger species were subject to some size-related factor not affecting
smaller species. This factor was probably predation by recruiting fish, and will be
discussed in the concluding chapter.

Although the preceding four characteristics of copepod distribution did not
counter the differing size-related life histories suggested by the zooplankton as a
whole, the considerable difference between the seasonal cycles of the individual dominant
species within each size-group demands closer examination.

Large zooplankton showed the first sizeable increase in September, coinciding
with increased upwelling activity. Small zooplankion did not exhibit a similar increase
until two months later. The two distinct patterns suggested that individual species

would follow the pattern of their size-group when examined individually. This, however,

was not the case.












67

larvae, late stages of euphausiids, and large amphipods and chaetognaths. All are at
least facultative predators, and all except euphausiids showed a preference for cold
inshore water. Small zooplankton (both the adults of small species and the young of
larger species), on the other hand, were more often found in phytoplankton-rich,
warmer water offshore. This suggests that the breeding members of the large
zooplankton are of sufficient size to maintain themselves either entirely through
predation, or are able to supplement their diet during times of active upwelling and
low phytoplankton abundance through carnivory. Adults can sink to cold water and
maintain themselves there until lifted to the surface with upwelled water, where they
and their eggs and nauplii are advected offshore along with the surface layers of the
water column, Hatching and development of their young occur simultaneously with
expansion of phytoplankton stocks in aged, upwelled water (Some species may not eat
at all during the adult stage; Marshall and Orr, 1972).

Smaller zooplankton and young members of larger species, more prone to
starvation (Dagg, 1977; Borchers, unpublished), were more plentiful in aged upwelled
or mixed water where phytoplankton patches are more predictable. The smallest of
these groups were more abundant in the surface layers where chl "a" levels were
highest (Hutchings, 1980), but also where they and the phytoplankton were subject to
the same wind- and current-directed distribution. Although there is evidence that
zoo- and phytoplankton are advected at different rates (Andrews and Hutchings, 19€0)
it can be assumed that there will be some similarity in distribution if both inhabit
the same part of the water column. Patchiness, necessary for successful zooplankton
feeding (Angel, 1977), is able to develop relatively unhindered in calm, surface
waters. Turbulence, and therefore mixing and the break-up of phytoplankton
aggregations, are less likely to occur in an area of moderate steady wind, and patches
have a longer time in which to develop to a large size. Conseguently, gradations
occur across the study line in which patches first appear in upwelled water, grow to a
large size, and then decline again as water ages. Although phytoplankton levels are
always high in this area relative to the California, Oregon, NW A¢rica, and more

southern Benguela regions, herbivorous zooplankton must find and stay with a patch;



























































