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the substrate as a result of their descent at dawn. Before the
bins were layed, a layer of littoral sand substrate sbout 4 - Scm
deep was introduced into the bins. The abgolute depth of substrate
was of no importance since the estimstes of abundance have been in-
terpreted as numbers per unit area of substrate and not per unit

volume of overlying water,

Horizontal Bottom Sampler (Fig. 7, Appendix 3)

Towards the very end of the study, a simple horizontal bot-
tom sampler was designed and constructed. This consisted of a per-
spex tube (50cm x 7cm diameter) which was mounted upon and ran along
two horizontal rails. These two rails, together with an upper third
rail, were mounted on triangular leg frames. The leg frames wexre
of such a length as tc allow the perspex tube to run horizcontally
zlong the lake bed cutting slightly into the interfacial detriius.
The trailing end of the perspex tube was sealed with #10 mesh copper
gauze. The leading edge ﬁf the perspex tube sealed, on clocsure,
against a sponge rubber faced metal plate fitted onto the leg tripcd.
The tube was powered by means of powerful rubber springs. The samp-
ler was triggered automatically when its weight was taken off the
lowering cable on reaching the lake floor.

This sampling device was designed to sample animals off un~
dis%urbed and entirely natural lake subsitrates. It provided useful

corroboration of the substrate bin results.

Treatment of samples collected in association with sediments.,

Removal of calancids from the samples taken from natural or
artificial substrates or sediments in the various ways described
above was performed in two stages. The first stage was carried out
in the field,'immediately after collection. The sample was decanled

through a plankton bucket fitted with a large#10 mesh window. As
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little substrate as possible was decan%ed in this initial filtration.
The resulting sample was preserved immediately. The remaining sub-
strate was added to the plankton bucket and elutriated twice with
filtered lake water to remove any ccpepods remaining upon and ad-
hering to the substrate. These washings were combined and preserved
for subsequent analysis.

Several checks were made to estimate the number of copepods
remaining after successive rinses. It was found that less than 5%
of the animals remained after initial decanting and single elutriation.
This fraction was lowered ito generally less than 1% after the second
elutriation.

The second stage was performed in the laboratory where fur-
ther separation of copepods and detritus was carried out either by
filtration through various sized meshes (4, 22, 32, 40, 44 meshes

per cm.) or by MgSO, flotation (Smyly 1964) in a separatory funnel,

4
after removal of supernatant formalin,

Where collections were made with the épecific gim of examin-
ing gut contents, graded filtrétion was used to remove the detritus
and separate the calanocids. However, for most of the work, where
diel variation in numerical abundance was being estimated, MgSO4

flotation was used. This flotation technique was found to be except~

ionally satisfactory in the present study (see Fig. 8).

Suspended ?rag,(Fig. 9 , Appendix 4)

The'suspended tray was designed to determine the settling
intensity of calanoids on substrates suspended at different depths
in the water column. This apparatus consists of a shallow perspex
tray (internal dimensions 15 x 15 x 6cm) fitted with a horizontal
sliding upper lid. The whole unit is suspended horizontally at any
- depth in the water column by mesans of a heavy base weight, a éub-'

merged float ~1lm above the tray and a surface float. The sliding








































































13

»

THE DAYTIME VBRTICAL DISTRIBUTION PATTERN OF PSEUDODIAPTOMUS HESSEI

Introduction

In April, 1970, a twenty-four hour sampling series was under-
taken at two stations (Station III and Station IV), in order to est-
ablish the diel changes in vertical distribution of the planktonic
crustacea. Collections were made by means of a 2 litre Friedinger
water sampler. The diel changes in distribution recorded in the

different developmental stages of Pseudodiazptomus hessel are given

in Figs. 14 and 15, for Staticns III and IV respectively. The

existence of diel changes in vertical distribution of Bosmina longi-

rogtris, Moina sp. and the cyclopoid copepods was also established

by this series, but the migratory movements of these species are
not described in the present work.

The vertical distribution of the different stages of P. hessei
shown in Pigs. 14 and 1% was most interesting in relation to the
apparent absence of the adult and later copepodite stages from the
water column during the hours of daylight. The conspicuously low
catches during daylight were open to two explanations. The calanoids
coul@.either be reaching the lake sediments, where sampling was im-
possible, or they could be avoiding the sampling device.

Although avoidance of sampling gear is known (vide Smyly,
1968p), subsequent work on the species in Lake Sibaya has shown that
this is not sufficiently pronounced to result in the diel changes
in distribution recorded. This is in accord with most previous
observations where workers were concerned with avoidance behaviour.

The movement of the same species of calanoid onto the sedi-
nents of shallow estuaries (1 - 3m deep) has been recorded by
Grindley (1965)a Similarly, Worthington and Ricardo's (1936)

studies on the vertical distribution of zooplankton in several East
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African Lakes have led them to conclude that two planktonic crusta-
cean species moved onto the bottom (at 15m) in Lzke Naivasha. It
seemed likely, therefore, that movement onto the substretes could
account for the absence of the older stages of P. hessei from the

water column during daylight hours.

The daytime distribution pattern

Several special daytime sampling series were undertaken to
assess critically the daytiﬁe vertical distribution of the calanoid.
Various collection techriques were used, and simultaneous light
measurements were ma&e where possible,

Fig. 16 shows the percentage vertical distribution of
different developmental stages of P. hessei at several widely
spaced stations on a North/South transect from Station I to the
gsouthern end of the lake. Water column samples were coll=acted by
mezns of a Friedinger water bottle. Attempts were made to deter-
mine the density of the calanoids on the substrates using the
vertical bottom sampler (p 42). Water co’umn ccllectiorns indicate
the progressive proximity of successively older stages to the lake
bed. At very shallow stations, all stages of the calanoids wers
captured only on the lake bed. The low catches of animals oh the
decp water substrates are most probsbly the result of inefficiencies
in the bottom sampler. Subsequent work has demonstrated the gbun—
dance of the calancids on the lake bed in deep water as well as in
shallow water, and it was realized at the time thét the vertical
bottom sampler was not entirely efficient.

A more restricted sampling series (shown in Fig. 17) was
carried out using a Jenkin sampler to assess bottom-dwelling popu-—
lations aﬁd a transparent van Dorn water bottle to assess the pelag-
ial component. This series confirmed the paucity of older stages

of P. hessei in the water column; +the substrate collections made
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TABLE 7.

Biotie and abiotic factors recorded during 25 night-time samplings
at Station IIT during 1970/1971. See text for further explanation.

Date cooe 2404 00950 22/5 ... 5/6 .. - 22/6 - & /7 17 /7 3177 17 /8 29/8 11/9 2/10 17/10 30/10 12/11
Time of sampling 2030 2030 12030 2015 2010 2015 2145- . 2030 2020 2030 2045 2100 2030 2005 2035
Hours and minutes after .
sunset 3.00 - 3.12 3.18 3.09 3.04 3.03 4,27 3.06 2.54 2.48 2.57 3.00 -2.18 1.47 2.05
Wind speed . )
{Beaufort Scale) 1 0-1 2 2 1 -2 2 ' i 2 2 2. 1-2 1 - 0-1 0
Wind Idirection E Var. NW SW NE SW N ENE. E E SE NE - Var. S -
Moon phase on Full- New- Full- 7 lst Qua.- Full-
-sampling date ) Last Qu. 1lst Qu. Full New Last Qu. New Full New Full New Full New Last Qu. New Full
*Presence of absence of : .
moon at~ time of sampling P A A A A A A A P A P A A A P
Cloud cover 0/10 0/10 0/10 5/10 0/10 ;0/10 9/10 3/10 0/10 0/10 9/10 /10 - 10/10 3/10 3/10
Relative light intensity 4 2 2 2 2 2 1 2 6 2 3 2 1 2 5
Surface Temperature °C 22.2°  22.0° 20.7° 19.3°  18.85° .18.7° 18.05° 18.95° 20.05° 19.95° 21.45° 20.8° 21.95°723.05° ;
Temperature gradient o o ° o
(0-30m) 0.1 0.15 0.15° 0.05° 0.2° 0.6 1.1 0.8°
Phytoplankton cells _ 0~5m 473 476 386 362 373 ; 366 380 442 458 361 408 350 242 348 375
30m 416 414 450 360 408 ’ 408 334 502 459 487 362 397 280 327 300
Chlorophyll a (ug/l) 0-5m  2.92 2.42 3.18 | 1.53  2.37 3.54 2.83  3.25  2.74 1.82 2.92 1.51 2.83 2.13  1.63
30m 1.94 1.66 2.59 2.01  2.96 3.04 2.30  3.60 4.00 3.69 2.95 2.65  1.94 2.94  2.34
Cell volume ) 0-5m 465 534 296 460 806 704 689 1039 1238 868 1116 382 190 168 162
30m 532 575 326 514 736 735 697 1285 1365 1254 756 884 280 384 283
*P = Present
A = Absent .
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TABLE 7

£ Station III durimg 1970/1971.

AR

ors recorded during 25 night-time samplings

See text for Ffurther explanation.

15/12

Y 17/8 26 /8 11/9 2/10 . 17/10 30/10 12/11 29/11 30/12 12/1  27/1 1272 24/2  12/3 29/3 11 /4
- ] . A I
2145 . 2030 2020 2030 2045 2100 2030 2005 2035 2030 2015 2020 2030 2030 2030 2015 2020 2020 2010
4,27 3.06 2,54 2.48 2.57 3.00 2.18 1.47  2.05 1l.42. 1.21 1.14 l.24 1.24 1.36 1.39 1.56 2.20 2.22
9 1 2 2 2. 1-2 1 0-1 0 3 3 2 1 i 2.3 0 2 3
| ‘ - ‘ 2
N ENE, E E SE NE Var. S - ENE NE " NW NE E s - ENE SE . qw
] N L'w
¥ lst Qu.- Full- Full-
Full New Full New Full New Last Qu.  New Full New Last Qu. New Full New ° Full New Fuil ?:ZTQU Full
- : ) . . Fu
A A P A P A A A P A A A P A P A B A P
9/10 3/10 0/10 0/10 9/10 2710 10/10 3/10 3/10 0/10 i0/10 10/l0 1lo/lo0 0/10 0/10 d/lo 6/10 7/16 10/10
1 2 6 "2 3. 2 1 2 5 2 1 1 5 2 6 " 5 1 5
© . 18.7° 18.05° 18.95° 20.05° 19.95° 21.45° 20.8° 21.95°:23.05° 24.65° 25.7° 26.4° 26.2° 26.6° 26.5° 26.5° 26.3° 26.5°  25.15°
; . - e - . - 12
0.05° 0.2° 0.6° 1.1° 0.8° 0.3° 0.75° 1.4° 0.6° 0.8° 0.1°
, 380 442 - 458 361 408 350 242 348 375 388 415 758 878 1499 1143 889 504 376 421
5 334 502 459 487 362 397 280 327 300 274 401 628 902 626 1023 789. . 278 313 361
' 2,83 3.25 2.74 1.82 2.92 1.51 2.83 2.13  1.63 2.30 2.50 3.28 2.04 2,08 . 2.06. 1.97 2.38 2.40 4.32
; 2.30  3.60 4,00 3.69 2.95 2.65  1.94- 2.94  2.3¢ 2,62 2.83 3.03 2.8l 1.8 2.3¢ 1.99 2A36 3.78 3.20
' 689 1039 1238 868 1116 382 190 168 162 115 271 240 351 420 398 509 291 293 435
; 697 1285 1365 1254 756 884 280 384 283 185 - 314 340. . 450 350 394 464 354 367 459
kP Present.

A = Absent .
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occurred. Subsequently, when a luxmeter became available, changes
in depth of the 1 lux isolume were followed with time,

The sampling times indicated on the figures for dusk and
dawn series represent the median sampling time: a series started at
1600hrs and completed at 1630hrs would be labelled 1615hrs., In the
dusk serieg, net hauls of the lowermost strata were carried out
first and then taken progressively closer to the surface, In the
dawn collections sampling began in the surface waters. The vertical
sequence of sampling therefore matched the direction of calanoid

movement.
DUSK MOVENENTS

Station III series \Fig. 23)

In this sesries, the vertical movements of the adult calanoids
were determined in relation to changes in the penetration depth of 1%
of incident light intensity.

Both adult males and adult females exhibited similar vertical
movements, reaching the uppermost waters only after sunset. The
changes in distribution were initially very small (between 1720 and
1815hrs) but with the increasingly rapid fall off in light penetration
" the distribution patterr changed equally rapidly. In the adult
maleg, for instance, the modal concentration was in the very deepest
waters between 1720hrs and 1815hrs. Between 1815hrs and 1915hrs there
was a counspicuous upward movement and by 2005hrs the modal concen-
tration wds in the surface stratum. In the case of the adult females,
the modal concentration depth changed more gradually from the deepest
waters at 1815hrs, to the middle waters at 1915hrs and then to the
surface waters at 2005hrs.

From this series, it was evident that the migratory movements
were closely related to changes in light penetration. - Two other

‘Significant points emerged. Firstly, the increase in calanoid catch
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by 1935hrs no adults were captured in the surface 5m.

These data indicated that the arrival of the different age
clagses of the calanoid at the surface waters was not entirely
synchronous, but the time differences were not large. 0f consider—
able interest was the rapid movement out of the surface waters
following the period of peak accumulation. Whether this represented
a valid emigration or resulted from horizontal patchiness is not
known., The series was carried out under moderately windy conditions
with evidence of considerable current movements in the surface
waters. Under these circumstances, it is possible that the decrease
in calanoids at the surface reflected an active avoidance of the

currents,
DAWN MOVEMENTS

Station III series (Fig. 27)

Calanoid movements in the water column at dawn were assessed
from net hauls in relation to changes in penetration depth of 1%
incident light intensity,
Nauplii

Nauplii were present throughout the water column during the
entire series, but a conspicuous downward movement was initiafed
after the first grey light of dawn. Before sunrise the nauplii were
concentrated in the deepest waters. Light was first detected photo-
metrically at the surface 35 minutes before sunrise, when the
nauplii were most abundant in the 20 - 25m stratum. By sunrise,
when 1% incident light was recorded at 14.6m, the nauplii had reached
their day depth.
CI-CIII

The early copepodite stages showed a general pattern of change
closely resembling that of the nauplii. These stages were fairly

numerous in the surface waters at 0505hrs, but by 0540hrs their
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the animals were kept in the aquaria for 20 - 44 hours before tle
experiment was started. In both series, an attempt was made to
standardize the starting numbers in the two aguaria by adding the
catch of equal numbers of bins or net hauls to each. Starting
concentrations of calanoids were too large for depletion effects to
modify successive samplings.

Total catch in the wéter column in the centre of the aquaria
provided a simple index of iocomotor activity, During periods of
low activity, the calanoids were essentially sedentary on the sides
or bottom of the aguaria. They were only captured by the aquariunx
sampler when they were active in the water coluin, Results of the
twé series are given in Figs, 29 and 20,  Activity is shown in
relation to time of day for different age grours and sex for the two
experimental light regimes,

In the first experiment (Fig. 29) animals subjected to the
natural light/dark regime exhibited an activity pattern clearly
related to changes in illuminatioun, With the onset of darkness, there
was a marked increase in the number of animals present in the water
column and, with time, these numbers decreased in a fashion entirely
comparable with the nocturnal sinking observed in ths lake dwelling
calanoids. This pattern was evident for adults and copepodites.

In the calanoids held under continuous darkness, a similar increase
in activity was evident in adult females and copepodites, but it
occurred considerably before natural dusk. Nocturnal "sinking" was
evident in the adult females and copepodites, but daytime activity
was higher under the conditions of continuous darkness,. This may,
however, be an artefact resulting from dissimilar total starting
populations in the two équaria° In the adult males held under a
continuous dark regime activity was high throughout the twenty-four

hour period.
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Thisg setulation has been examined using Scanning Electron
Microscopy of freeze dried material. The appendages were dissected
and mounted separately. The anterior appendages of P. hessei
(excluding the antennae 1) are shown in Figs. 35 - 41. Setulation
is restricted to the appendages involved in filtering out the food
particles and is absent from those appendages primarily involved in

the production of filter currents.

Antennae 2 (Fig. 35) This appendage is primarily involved with the
production of filter currents and as such, setulation is not expected.

The setation of this appendage is both limited and very simple.

Mandibles (Fig. 36) The mandibular palp functions chiefly in pro-
ducing filter currents, and as such setulation would be superflucus.

The gnathal lobe is a masticating organ and bears no setae or setules.

Maxilla 1 (Fig. 37) Superficial examination would suggest that the
broad area presented by this complicated appendage would be a very
effective comb. However, the setae are irregularly supplied with
setules and therefore would be,able to filter out only larger particles

if used as a filter comb at all. In C. finmarchicug this appendage

is reported to have several functions. Firstly, it may be involved
in the production of filter currents. Secondly, the maxillular
setae sweep suspended particles towards the posterior end of the
filter chamber. Lagtly, the heavy spines on the appendage are
thought fp scrape off food particles collected on the maxilla 1 and
push them tcwards the mouth (Cannon, loc. cit.). In view of the
absence of extensive setulation on this appendage in P. hessei, it

is clearly not used as a primary filter comb,

Maxilla 2 (Figs. 38 - 40) This is generally accepted as the major
filtering organ in herbivorous calanoids (Lowndes 1935, Marshall and

.war 1956, Anraku and Omori 1963, and Heywood 1970b). In P. hesseil
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nanoplankton, bacterioplankton and net phytoplankton can be estimated.
In determining absolute filtration rates, the use of various
control measures is imperative. However, where used to indicate
only the nature of the food consumed, the experimental procedures
may be simplified considerably. Inverted microscope estimates of
net plankton, nanoplankton and tacterioplankton abundance wérevmade
on a sample of lake water into which a number of calanoids were then
introduced {N= 50). The experimental vessel (volume= 1200ml) was
kept in the dark and agitated ranually at intervals of 30 to 45 nins.
After four and eight hours, subsamples of the water were femoved and
algal and bacterial numbers assessed, Trhese data were used to
determine filtration rates, using the equation for exponential de-
crease given by Gauld (1951). Over both four and eight hour periods,
filtration rates of approximately 1 ml/calanoid/hour were obtained
for both nanoplankton (30p largest dimension) and bacterioplankton
"units" (see p 168). Grazing upon net phytoplankton was negligible.
These experiments, using naturally occurring food species at
natural concentrations demonstrate the importence of the smaller
particulate material as food sources. This is in accordance with
the morphology of the feeding appendages as described.

(ii) Gut content analysis

Direct examination of the contents of the fore-gut in a
manner similar to that employed by Fryer (1957d4) has substantiated
the results of filtration studies. The great bulk of the fore-gut
contents consist of bacterial and nanoplankton elements, especially
the former. Bacterial-aggregétions assooiated with diffuse magses
of flocculent apparently detritic material made up a large portion
of the fore-gut content. Only occasional net phyfoplankton were

seen.


















































































































































































































































































































