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ABSTRACT.
‘Studies on- the_species composition, age'struCture, sex
- ratlio, pattern of abundance and measurement o£ body size andw

brood'size_was performed on the zooplankton community in Lakes

Bishoftu and- Arenguade from January, 1991 to December, 199l;3

The former is inhabited'by planktivorous ‘fish, Aplocheilichthys'

sp and Oreochromig niloticus while the latter is devoid of
fish., " ﬂ

The speciles coﬁposition of the zooplankton community in both
lakes 1s pboorly diverse and share a dominant calaroid, Lovenula

(Pardiaptomus) africana (Daday, 1908) and one dominant rotifer

genus Brachionus. Additionally Lake Bishoftu is inhabited by

the cylopoid Mesocyclops aequatorialis.

Body size and brood size of ovigerous females of L.africana
from these lakes were significantly different both in body slze
and mean brood size {P <0.,001). The frequency distribution of
the adult size classes 1s negatively skewed in Lake Bishoftu as
opposed to Lake Arenguade.

Body si;e‘and brood size were positively related in both
lakes end strongly bositive (R = 0.447)in the population under
preddtion pressure than with no predation (R = 0.297}). Most
size classes of Lake Bishoftu's copepods bear significently
different mean brood size (GT2 test).

Sex ratio were also significanfly different from the
expected one to one ratio in both lakes (P < 0.001) and the

ratio is strongly skewed in favour of females in Lake



vii- |
Arengtade. Also a higher proportion of adults to juvenileerﬁee
obséfﬁed in the 1atter. Seasonal variation in body and brocd
size were also observed in relation to the mixing period
(November - February) and £ish kill. The differences in"body o

:and brood sizes were attributed to size selective predat

' fish in Lake Bishoftu, in the absence of intense compe

..food 1imitation and.- temperature differences ”eeﬁ

',-1akes.""

1

one factor ANOVA revealed that zooplaekton ebuhdance

aiffered significantly between months (P < b[bb1)‘f"

Except for rotifers, zooplanktonr biomass showed clear
seasonality with population collapse during the mixing period
coinciding with upwelling of anoxic water andILS. Recovery_and,
peak abundance were observed during the stratification peficd
(July - September). Rate of recotery was tariable for different
species and stages. Phytoplankton and major nutrients showedr
less pronounced 8easonality in both lakes, with nitrogen rather

than phosphorous'being more limiting.



CHAPTER I

1. INTRODUCTION

Historically, community ecologists -have characterized

organisms primarily by taxon with little regard for othr"“
potential characterization, save perhaps for trophic positv n’orwu:
nutrition | | .

Taxonomic approach to community structure may not bet
the most useful for it is becoming increasingly apparent that
‘-energy flow within aquatic systems is more a function of size of
organisms than it is of their taxonomic status 7(Kerr,‘1974;.
Sheldon et al., 1977; Dickle gt.gl.;1987) For this reason cell
size or body size of aquatic organisms is a broadly useful
scaling factor for comparisons of basic'metabolic processea,
growth rates, proouction rates, reproduction commitments, and
constraints on shape and mechanical design. Scaling by size also
permits 'comparisons among ecosystems of groes structure or
energy and carbon transfer efficiencies.

In aquatic ecosystems, =zooplankton populations can - be
considered, to a certain extent, as a pivot of freshwater
pelagic ecosystems for the simple reason that the phytoplankton-
zooplankton relationships determine the nature of energy flow
from the primary to the cecondary prodncers and, on the other
hand, the nature of the =zooplankton community governs, to a
larger extent, energy flow to planktivorous fish (and tnence to
top carnivores). Because of these reasons analysis of patterns
in the structufe of zooplankton communities alone.can proyide

useful information about the nature of lake ecosystems. Besides



due to the " cascading effect" (Carpenter et el 1985) the size'
structure of =zooplankton community also affect phytoplanktoni-
biomass and increase water transparency (Kitchell & Kitchell _“

"1980; Shapiro &-Wright 1984; Kitchell & Carpenter,

Queen & Post, 1988)‘ Deliberate manipulation.}of the

structure of lake zooplankton by reducing plankt vor

becoming increasingly promising to improve the&wat
'(Shapiro & Wright, 1984 Kitchell and Carpenter,_1988

It has bheen argued here that such analysis should.be besed

on the functional, size- feeding ecological characterization ofe
the zooplankton assoclation for this reflects‘dynemic,processes
in the ecosystem mucn'more closely than does a simple texononic
characterization {Sprules & Knoechel, 1984). Thus a size:reegingf
ecology characterization seems to be more fruitful basis to
compare and classify lakes within regions and(between geographic
areas.

There is an'intriguing-possibility that the size structure
of zooplankton communities responds to 'socially important
stresses such as acid, thermal and nutrient and perturbation in
the food webs. So it is worth determining whether changes in
size structure can provide an early warning about deteriorating
lake quality (Sprules & Knoechel, 1984). The rule of optimal
foraging applies to man as well and when he attempts to recover
prey of very small - size from water, the energy invested in
capture and processing rises dramatically even neglecting food
preferences and cost factors. The efficiency at which we can
derive protein from a pelagic.ecosystem {the carbon transfer

efficiency) falls rapidly as we attempt to harvest directly the
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second and first trophic level of a natural aquatic system:
{Hecky, 1984). As a result man tends to harvest the third level
and if it is not yet availlable man intends to introduce it Such_
perturbation in the food web at the higher level of the aquatic
ecosystem brings certain changes in the lower levelz(Carpenterrv

et al.,1985).

The ‘study on the effects of such perturbation in the food¢~!
web of a lake system cen only be possible by creating near,

natural condition in the laboratory, in experimental ponds (e.g.

Drenner et al., 1986, Threlkeld & Drenner, 1987) or delimiting )

part of the natural system and keeping it under certain degree
of control such as limnocorrals { e.g. Mc Queen et al., 1986,
Post & Mc Queen, 1987 " Mc Queen & Post, 1988) or following
changes 1in a single lake before and after manipulation (
Warshaw, 1972; De Bernandi & Guissanl, 1978; Kitchell &
Kitchell, 1980; Shapiro & Wright, 1984; Kitchell & Carpentet,
1988) or comparative study on two closely related lakes with
contrast for the given factor (Galbraith, 1967; Sprules, 1972;
Gliwicz et gl.,l981; Papinska, 1988)'a rare chance in nature.
Extrapolation of limnocorral experiments suffer a serious
deficiency because of reduced advection and vertical eddy of the
system though they are relatively controlled conditions
(Bloeschel et al., 1988). Direct manipulation of lakes requires
introduction of planktivorous fish which will be impossible to
eliminate afterwards without destructing the 1ite in the lake
(Turner, 1981). Result of these perturbations may also need
longer time with all possible complications. The otherlway is to

eliminate planktivorous fish from a lake which agaln affects

s
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the lives in the lake other than fish (Naess, 1991) and may also
require time to recover, The other alternative is comparative

etudy of two closely related lakes, though rare in. nature (e o

-

De Bernandi & Guissani 1978)

Gliwicz et al.,(1981) indicated that different densiti

of twofpopdlations of the
'_.easy t ‘ E :
fpressures,'presuming that no differences-are-present in twoln’
lakes with regard to physical and’ chemical environmental
ﬁactore The two lakes in this study are dominated by a single

species of COPepoda, Lovenula (Paradiaptomus) africana (Green{

1986) and the phytoplankton population is predominantly blue
green algae (Baxter & WOod; 1965} Green, 1986li The system is
‘rather sinple in a sense that tnere_is one dominant blue green
algae, one dominant crustacean'herbivore species in 5oth lakes
and two planktivorous fish in one of the lakes. The phyeical and
chemical conditions are also similar (Prosser et al., 1968; Wood
et al., 1976; 1984). Horizontal uariation is minimum due to the
small size of the lakes. As a result these lakes were found to
be suitable for comnarative study:
(1) on the effect of fish predation on the size structurefof the
zooplankton population and |
(ii) the effect of physical and chemical changes throughout the
vear on the size of the individuals and population size.
Results of this study can generate information'on the

possible ecological risks following introduction of fish.



2. LITERATURE REVIEW
2.1, EFFECT OF PREDATION AND ADAPTIVE RESPONSE OF ZOOPLANKTOH
: Resource limitation and predation are ‘the two major

forces that act to limit animal and plant populations and hence

t

‘-structure‘biotic _ommunifies ‘Resource acquisition is, a constantf~"

requirement of all organisms and, in a sense, provides an'_
‘absolute 1imit to population density. Because there is 1ittle a
resource- limited population can do to create more resources,
evolutionery responses to resource limitation tend to . Dbe
straight forward: take as fast as possible and store as much as
feasible. Evolutionary responses to predation, however, are far
from straight forward. Predators heve evolved a veriety of means
to search out and stalk their prey, and'meny'means have ‘evolved
to foil, at least pertially, each predatory scheme (O'Brien,
1987). |
‘ The usoal focus of the effect of predators on prey is the
direct lethal effects of predators. By killing prey, predators
can oontrol prey populations, drive some prey types extinct end.
alter the relative and absolute abundances and species diversity
of prey. Predators elso, however; have potentially important
indirect effects on shaping of preys'’ life-styles through their
impact on the development of prey defence, both by gselecting for
well—edapted genotypes -and inducing changes in morphology,
physiology, chemistry, 1ife history, and behaviour of prey

Havel, 1987; Murdoch & Bence, 1987; Sih,‘1987).



2.1.1. MORPHOLOGICAL RESPONSES OF. ZOOPLANKTON TO PREDATION.

When one’ considers the visual acuity of predators whicha

dspends upon the contrast between the prey and its background £

;;minimizin sthe\contrast would mean reduction in ths conspil;
Vousness of the prey

The evolution of increased transparency became one of the
vmost important and widespread protective - adaptation against_
visually feeding predators {Greze, 1963 cited :ux Kerfoot,
1980). Therresulting'crypsis provides an evolutionary golution
to the probhlem of concealment‘against a continually changing
background. As a result seueral notably large-bodied prey
survive in pelagic regions because of their extreme transpar-

ency (e.g. Chaoborus, Leptodora, Daprhnia galeata mendota)

(2aret, 1980a). Although the effects of visual predation are
found even in clear arctic lakes {Kettle & O'Brien, 1978),
responses would be especially pronounced in tropical'latitudes
because in tropical c¢limates, fish activity is year-round,
water are brightly illuminated and'prey generation times are
short (Zaret & Kerfoot, 1975; Kerfoot, 1980). Pigmented body
parts such as eye-size, darker body regions, presence of
haemoglobin, and the colour of the gut content also increase
the conspicuousness of a prey.

Intense visual predation by £ish in very clear tropical lakes
explains the occupance‘of different eye—size "morphs" (not

morphs in the sense of different phenotypes within a single '
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brood,‘but:genetically different clones) oOf, Daghnia,,"

ceriodaphnia,,and”Bosmiha) Despite its small size, Bosmina

e

longirostris also show spatial and temporal differences in eye

gize associated with fish predation in Lake Gutun, Panama.

(Zaret & Kerfoot 1975 Kerfoot 1980) . Small eye size was also?

'l;orrelated with spinea

'(Mort & Kerfoot 19@_5

Such association again leave a choice either to have larger -

body size with smaller eye size or smaller body size iih-'

larger eye size where both lead to a better inconspicuousness.i”

Females with darker eggs (e.g. Daphnia with ephippia and
ovigerous females of diaptomids) were found to be highly
selected than those without by planktivorous fish’(see'Mellofs
1975; Tucker & Woolpy, ' 1984). Detailed field c'oile'ctions_
| combined with experiments im‘a pond and laboratory ssomed'that

female DpDiaptomus sangulneus carrying eggs are especially

visible to fish and suffer particularly high ‘mortality in
Bullhead pond; Rhode Island, (Hairston, 1987).

The other notable contrast between a transparent-bodied
zooplankton and its environment is produced by the colour of
the food item inside the guf and / or by the presence of high
concentration of haemoglobin. Such individﬁals were found to be
selected than their counﬁerparts {Zaret, 1972; O'Brien,'1975).

Dodson (1974) proposed that cyclomorphosis, an annual
change in morphology, may be an adaptive response_to size~
speclfic predation: small body size defend against"misual
predators, usually fish, and spines, neck teeth,_and helmets

defend against tactile predators, Cyclomorphosis} as an
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adaptation to predation, is a well documented phenomenon'botﬁﬁ
in experimental and field studies. The two invertebrate.predw

ators, Anisops calcaratus and the larvae of Chaoborus american-~

us, release water-soluble morphogens that affect Daghni ,

exoskeleton (Grant & Bayly, 1981 Krueger & Dodson,_1981

- Herbert & Grewe 1985) A. calcaratus induced crest enlarge

in two -of the three subspecies in the D. carinata ;.c mpLe
chaoborus induced enlargement of a toothed crest or helmet inz”'
several Daphnia species (Krueger & Dodson, 1984; Herbert &
Grewe, 1985). These spined morph of D.pulex were absent in
ponds without Chaoborus, and the spined forms were replaced by
typical mornhs in a few weeks efter the removal ‘of the
predator (Havel, 1985). _ |

Lengthening the antennules and mucrones was also found to be
protective in- Bosmina against invertebrate predators bﬁ
keeping the main and delicate body part at a distance and
during manipulation, the elongated antennules may break off and
allow the prey to escape'(xerfoot, 1975). _

Since feeding rates of Notonecta increase with increased-
Daphnia body size (Scott and Murdoch, 1983), reduction of body
size for the youngest adults may be adaptive in the presence of
these invertebrate predators. In the absence of such predators,
optimal body size should be larger in order to maximize
fecundity and minimize losses from smaller invertebrate
predators. Similar effectgs have been observed due to fish
predation both in macrocosms and in natural water bodies for
the last four decades (see Brooks & Dodson, 1965; Galbraith,

1967; Zaret, 1980a; 1980b; Culver et al., 1984). Brooks &
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Dodson (1965) were the first to document the effect of fish in_r\

bringing about a reduction in body size of zooplankton byif
selectively preying on 1arger species or 1arger individuals of '

‘_a given species.

: Green (1967) also distinguished two morp
ilumholtzii in a tropical Lake Albert s

::,horned morph £ound in regions of high"
large, more visible unhorned morph found in regio

fish,.

Morphological ohnnges induced;‘ﬁy ﬁfé&éﬁé?s-_is_ also'ia?ud;

. ‘(-
strategy in zooplankton other than crustaceéns The predatory

rotifer Asplanchnaibrightwelli releases morphogen.which induce

the formation of longer spines in Brachionus calyciflorus'

(Gilbert, 1980). A well developed.posteroflaterel spinés of B.

. calyciflorus was established as a result of predation ﬁressure

of Asplanchna sieboldi in Lake Pawlo (Ethiopia) population,
where 1t attains the longest mean spine length (Green, 1986).
When some soft-bodied rotifers, such as Sinchaeta and

Asplanchna are contacted by invertebrate predators;‘—they

retract their corona, making their bodies swollen and turqid{
This turgor makes them difficult to grasp and hence capture by

some copepods (Willliamson, 1983).
2.1.2. BEHAVIOURIAL RESPONSES OF ZOOPLANKTON TG PREDATION
Noncryptic prey can persist locally with predators by

limiting their activity to relatively'predator—free gituations.

Reduced activity per gg is a typical anti predator response
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that presumably reduce the frequency of contact with predators
and the likelihood of detection end recognition as prey.
Further, prey often restrict their activity to microhabitats

'where predators are less'effective, i.e., use refuges; and

-hiding“ are, potentially costly to prey i:-

opportunities to feed or mate (Sih, 1987)

The dilel vertical migration of pelagic preys is another

instance of behaviourial response of zooplankton to predato é?’
The diurnal movement to a lesser productive_ and cool
hypolimnion deoelerate rgrowtn rate and lower reproductive
commitment as a result of low food availability‘and increased-
egg development due to lower temperature (Wright et gl.,1980;
‘Lampert, 1987). | ' ' ' -

Such temporal shifting of habitat'in pelagic prey species
show certain natural pattern depending on the age c¢lass of
organisms, i.e., the smaller size/age olass (less vulnerable
.groups for risual predators) remain relatively on the‘surface
while the adults do migrate to a depth depending on their-
relative size (Zaret & Suffern, i975; Zaret, 1980a).

The amplitude of migration in turbid lakes'(with reduced
penetration of 1light) is fairly slight, often only a few
meters; whereas in oligotrophic lakes and seas, where the light
intensity gradient is less, the amplitude of migration of the
same species 1is quite marked. (Hutchinson, 1967; 2Zaret &
Suffern 1976; Wright et al. , 1980). Sex. differences were also

observed, whereby the females migrate deeper than- the males
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(Hutchinson 1967) _ | _
Strickler and Twombly (1975) were the first to suggest

diapause_aa a predator-avoidance adaptation. They noted that

imnature Cyclops scutifer entered diapauae:when_tne'predatb?y

during the period when predation by fish (arctic char) was
focused on the zooplankton Hairston (1987) also found compar-'
able temporal correspondences between the diapause of Diagtomus

sanguineus (adult females switching from producing subitaneous

eggs to diapausing eggs) and £fish predator activity in two
small water bodiea in Rhode Islandt : |
‘iOne interestingrtriok played by some prey species after

being detected by the tactile predators is "playing dead"
(akinesis). During this response the prey Bosmina or Chydorus
fold their vulnerable second antennae and clamp their ventral
carapace margins securely and become difficult to handle so the
predator will be forced to reposition; which will increase the
probability of falling of the prey species'from.the arpendages
of the predator, Cyclops, and freely sink. These passively

falling Bosmina or Chydorus produce such a different signal, or

so little disturbances to be relocated by the predatory
Cyclops. (Kerfoot et al., 1980} stricker, 1980). Many slow-
swinming rotifers also display "Plaving dead" response when
contacted by a predator or large cladocerans. The corona

retract into the body, and the rotifer sink passively to
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e . -

reduce the swimming disturbances which may endanger the prey.-
(Stemberger & Gi}.bert 1987). |

One of the counter moves of zooplankton against predation

is the speed and pattern of swimming Fast swimming can save'

' for infrequent contacts with the predator, otherwise the energy

cost as calculated by stricker (1977) for ghly accelera_

hopping of marine copepod Labdocera trispinosa, is evidently; :

_larger as comparedyto the energy needed for normal swimming_

movements. Thus direct escape response appear to be a high cost -
strategy for escaping predators, greatly 1imiting their
frequency. Further,-the direct escape- response is effective
against smaller invertebrate predators than the much larger and
more agile fish. Zaret (1980b) invoked differential motion of .
zooplanhtonlin lake Gutun, Panama, to account for selective
predation on one of the species, which, though,smaller, moved

considerably more, because motion does increase the likelihood
of being located. As'a result daphnids continually move and
thus they are highly vulnerable to fish predation than similar

size copepods.

2.1.3. REPRODUCTIVE RESPONSES OF ZOOPLANKTON TO PREDATION.

The lethal effect of predation would lead to extinction
unless there is a means whereby some of the adults could
survive and reproduce or replace those which have been predated

or dead naturally.

There 1is a great deal of variation in the way that
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rotifer oviposit Vulnerable speoies 11ke anchaet often”
release their eggs directly into the water rather than carry
them attached to their bodies Such behaviour may reduce ‘the

pprobability of the eggs being eaten with the parental female

"In the'absence of predation some population of the species,fqm

ana, may carry their

| _rthread (stembehger &fGilbert 1987) 0! , _
Hlooseiy attached in case of Polyarthra sp to be easily detached;},
when the mother is attacked L _ ,'._ -
o Some prey species, such as cyclopiod copepods are found toﬁ
‘bear resistant eggs which can get hatched after passing through .
-Eish gut (see Gliwicz & Rowan, 1984). 8plitting of copepod
pohuiations in fractions of annual and biennial has been

suggested by Nilssen (1977) as having an adaptive significance ~

against slze - selective predation'hy tish. In Cuclobs scutif-
er, the biennial fraction reproduce first, exhibits larger
female body sizes, and larger clutch volumes in an environment
usually absent of predators and competitors for the offspring.
The annual fraction reproduces later, when more competitors and
predators are present, having smaller body size ‘and smaller
volume per clutch (Nilssen, 11980},

hEggs oviposited free Iin the environment could sink to deeper
waters that are low in dissolved oxygen or haue low concentra-
tion of food; such sedimentetion might reduce the survivorship
of'newborns. The colder temperature of the deep waters also nay
increase egg development times. Additionally, freely suspended

eggs could be susceptible to Asplanchna predation and to

ingestion or damage by filter-feeding cladocerans (Gilbert &
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Stemberger, 1985) | | _ "

Some species such as B, calyciflorus Carry more‘eggs and

Conochilus keeps its larva attached to adulthood to increase'

their effectiVe size against invertebrate predators Also live-’, ’

' bearing rotifer may increase the survival of young by giving‘

'birth to relatively 1arge size, and hence well protecte,,

dividual_ Stemberger, 1985 cited in stemberger & Gilbert

Higher reproductive output (greater number of eggs per
clutch) and remaining in habitat whereby the developmental time '

of the offspring can be shortened, 1s also a means of antipred-

atory response in some non-migrating Daphnids, Daphnia galeata
(stich & Lampert, 1981). '

| Size selective predation by fish on zooplankton eliminate
larger size groups, those which have the greatest reproductive
output per individual. but under uarious instances of fish
predationlpressure such as Daphnia were found to increase per
capita reproduction output unless and otherwise the predationr
pressure becomes sufficientiy great to eliminate most of the
adults "and collapse the population {Culver et al., 1984).

Certain copepods such as Diaptomus sanguineus, also switch from

making subitaneous eggs to diapausing eggs in the seasonal -

catastrophic increases of fish predation (Hairston, 1987).



3. DESCRIPTION OF THE STUDY AREA

”i739E (Prosser et al,, 1968- wooﬁwet a'

addition to the explosion craters (Prosser et al., 1968) Mohr,_

(1961) recognized thirteen craters and grouped them separately

than other' volcanic craters because they are basin shaped
depreseions wholly below ground level except for the{p rims. ..
They have steep sides and diameters close to 1 Km andare'ne£‘
directiy associated with lava flows. Eleven of fhese craters
_are alighed Nor%h by East and soufh by West. The remaining two,
one of which contains Lake Kilotes, lie east of the general
alignment. The entire system is on the 111¥defined western -
margin of the main Ethiopian Rift (Prosser ét al., 1968).

The catchments of the five lakes are formed ffpm volcanic
rocks of basalt, rhyolite and tuff. Although their relative
amounts -vary, there ere no large differences between the
catchments fMohr, 1961) . The maximum distance between the lakes
~is 20 Km. They have small catchment areas-and rainfall, varyihg
aroﬁnd 850 mm per year, appear to be the major source ef water
(Rippey & Wood, 1985). Both Lakes :Bishoftu and Arenguade are

well sheltered from wind effect by the deep c¢rater rims.
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None of the lakes has an. obvious inflow; evaporation is

apparently balanced by direct rainfall on the small catchments

and by seepage. These lakes are chemically dominated.by sodium

Table 1. The weathering of the predominant basalt" .
forming the craters coupled with concentration by eﬁ,Pc,ative;
of possible underground seepage water containing minerals_g
‘dissolved from more distant sources, has resulted in mineral-;{
rich inflows and the lakes are rich 1n'inorganio nutrients -
(Wood et al.,1984). | | '

The seasonal pattern of the dynamics of the chemical
constituents are related closely to the pattern of_thermalr

stratification and mixing.
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Table 1. Chemical and Physical feature of Lake Arenguade ::

' and Lake BishoftuA

Lake

Bishoftu

Avea (Km® . 0. 929

PH (Mean value)

-Alkalinity (meq/l)
(CO. + HCO,)

Total dissolved

solids (g 1)

Total cations(meq/1)
Total anlons(meg/l)
Calcium "
Magnegium "
Sodium
Potassium "

" Chloride oo
Sulphate . "

_,Total volume(m x 10‘{

9.2

Wy

20

1,88
23.6
24.4

0.37

4.0

0.35

e Lake Arenguade

' 51.4°

5, 83"
75;7*‘7
74.1°
0.67"
<0.6"
67.0°

8.1"

22.0°

‘Prosser et al.,(1968).

*Rippey & Wood (1985).



