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ABSTRACT - . - ‘ : I

The Intrinsic Rate of Increase of Brachionug patulys was deter-
mined using algae, aged detritds, sterile detritus and bacteria as
food rations. Rotifers feeding on aged detritus were found ‘to have

survivorship not significantly different from animals fed algae but.

algae-fed rotifers produced morelgggg and had a higher Intrinsic Rate

of Increase. Heinle's (1977) theory of the absence of some trace

metabolite from detrital bacterias for the unsuitability of detritus ip

supporting reproductive populations of zooplankters is -indicated by

these results,

-
- -

Sterile detritus-fed rotifers réacted similarly to starved animals
indicating that detrital particles have no nutéitionél value aﬁart
from being a substrate for ;he attachment and growth of bacteria and
protozoans. ‘ ©

Incorporatigq rate experiments were carried out to determine
whether food selection is practiced by this rotifer. Algae and detri-

tus were mixed and the rate of incorporation of each measured. It was

- found that algae was ingdrporated at the same’rate as detritus when

each food type was found alonme but upon mixing, the incorporation of

detritus dropped significantly while algae incorporation was unaffected.

The incorporation rate of detritus rose only when the concentration of

-

algae in the food mixture was one third that.of detritus.

No preference for bacteria attached to detrital particles as
opposed to unattached, suspended bacteria was observed in this rotifer.
The importance of detritus to rotifers may lie in avoiding compe-

tition with lérger plankters for the preferred food, phytoplankton.

iv



. . P

N -

. ACKNQELEDGEMENTS
I wish to express-my thanks to Dr. J. Winner and Dr. D. Wailen

for assistance rendered in the preparation of this thesis and in the
* L
research.

I would also like to thank Dr. H. Sanderson for her proof-reading
. - o
and advice.
P . .-

" Special thanks are owing to my wife and parentéﬁfpf their moral

support over the course of this project.



‘e

GENERAL METHODS

ABSTRACT . . . . . . .
ACKNbWLEDGEMENTS C o
LIST OF TABLES ce
LIST OF FIGURES . . .

INTRODUCTION . . . . .

.
.
.

EXPERIMENTS

I Infrinsic Rate

TABLE

OF CONTENTS

of Increase . . .

IT Effect of Antibioties of Incorpbration

ITII Selection Experiments

- DISCUSSION . ., . . .

LITERATURE CITED . . ,

VITA AUCTORIS . . . .,

L]

+ e .

. .

vi

ot

iv

vii

viii |

‘10
22
25
34
38

42



TABLE

LIST OF TABLES .

@.

Medium manipulations for Intrinsic'Rate of
Increase Experiment ~

Lifetime, number of eggs ﬁemale'lland intrinsic

rate of increase for Brachionus patulus 'fed .
various food types .

The effects of antibiotics on incorporation rate
of Chlamydomonas by.Brachionug patulus

The incorporation rate of suspended bacteria and
bacteriag attached to detrital particles

Concentration of food types for selection exper-
iments -

Incorporation rate of algae and detritus in mixed
suspensions . N

vii

23

27

.30

32

.



*

N ’ Yj
. LIST OF FIGURES

Incorporation rate experiment apparatus

Death rate curves of Brachionus patulus fed
variocus foods -

L vidii -

1

page
14

20



INTRODUCTION
Considerable attention has been directed recentl? to the nature
of detritus and its utilization by a large varlet; of aquatic animals.
Maty studies have eluridated the ,processes involved in the conversion
of sloughed particulate afd dissolved materials into nutritionally

r

important substances. These processes include adsorpﬁion of dissolved
énd particulat; matter onto substrates, leaqﬁing of-plant cells, colon-
ization of particles by baqteria.and mechanical. action by waves.

Sources of detritalhmaterial include phytoplanktgn (Golterman 1972,
Rodina 1966), macrophytes such as Thalassia, Zosterig and brown algae,
as well as mangroves and terrestrial plants (Fenchel 1970, Harrison and
Mann 1975b, Knauer and Ayers 1977, Mann 1972, Odum and de la Cruz 1967
and Odum and Z1eman 1972), feces from zodplankton and shrimp (Steele
"and Baird 1972 and Johannes and Satomi 1966) and particulate‘mabter
formed by the adsorptlon of dissolved matter onto substrates such as
bubblea and inorganic particles (Baylor et al 1962, Povoledo 1972 and
Riley 1963).

The, ,dynamics of degradation of detrital particles has been eluci-
dated by a ﬁumber of authors. Olah (1972) in studying the procegses
involved in Phragmites decomposition and Golterman (1972) studying
similar processes in algae, describe three steps in the succession of
a ﬂhrﬁicle from tﬂe status of recently deceased to mature detritus.
Initially, leaching of dissslved material occurs due to"autolysis.
Subsequently, rapid bacterial colonization of the particle occurs. This
colonization period which may last from one to two weeks is charadter-

ized by a succession of bacterial populations. The decomposition

prdcéss culminates in the stabiliazation phase where a climax population

r
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- of bacteria are found attacheé)?o the particle. Eventually, there
occurs a gradual decline in the number of microbes in stabilized

detritus.

. N
Kphuer and Ayers (1977) dgscribed tgo.phagﬁé of the decomposition

of detritus ;hich correspond to the above mentioned colonization and

stabilization pério&s. During phase I nutrients in the particle

itself are utilized. for bacterial gfowth. By phase II, the plant mater-

iallremaining ih the detrital particle only provides an inert'at;ach—

ment sﬁrface for the microbes.

This succession ﬁay be interrupted and also‘enhanced by gfazing

activity of a large number of organisms. Lopez (1977), found that

Orchestia grillus ingested a micfobe-particle complex, stripped phg
particle of its microbes thend egested the particle, This p;rticle
was then recolonized, reingested and a second microbial commun;ﬁy
digested. It was also observgd that érazing acti;iﬁf stimulated decomp-
osition activity possibly by producing a-shift in species of the
microbial community.

The processes involved in produciﬁg usable food resources fromf
kdet;ital pérkicles was affected by the source of the particle being
écted upon. Tenore (1977) found that the red macrophytic alga |
Gracilaria was oxidized at a much I’igher rate than the eelgrass,

Zosteria and was incorporated by the polychaete ggpltelia capitata

at’ a much higher rate in the initial stages of decomposition. However,

-

Zosteria continued to be incofporated at increasingly higher rates for:

A ~a :
a longer period until it reached its maximum where it was incorporated
at a much higher rate/;han Gracilaria was at its maximum. This temporal

separation of maximum utilization allows maximal exploitation of the

available resources. ‘ .



Althdugh detritus h;s'lbng‘been recognized as contribuéing to
the nutrition of certainrhquatig o}ganisms,_its significance in the
role of roti}er nutrition has not been confirmed (Dumont 1977).
Ruttner (1952) in discussing zooplankter nutrition, qoted the import-
anc of fine organic de%ritus as a substituté fo; nannoplankton undeé’
’certain conditions. RuFtner also'ciped Putt?r's (1909) calculatiops
that phytoplankﬁon production, cannot, in many waters, sustain zoo-
planktion nutritiona¥‘néeds, recently corroborated by Finenko and -

Zaika (1970) and Heinle and Flemer (1975). Saunders (1972) in addition,

found phytoplankton production wanting as a sole source of energy in

;g—siﬁu zooplankton .energy budgets. He estimgted'that.detrital biomass-
exceeds that, 9f phytoplankton by 1.3 to 16.5 times in a productive
"lake in Miéhigan and that it is necessary to éonsider assimilétion of
detritus as well ds phytoplankton and-suspended bacteria to obtain
balanced energy budgets. |

Recent studies of éhe role of detritus,were stimulat;d by ddum
and de la Cruz t1963) w@en they défined detritus as the particulaté\.
fraction of organic matter resulging from e#cretions or death of
organisms. Wetzel et al (19?2).subsequently modified thié definition ’
to include the bacteria associated witﬁ.the actual particle. It is
these bacteria ﬁhich‘a:é been ;ited as the important nutritional
component of detritus, Dumont (1977) feels that to make a distinction
between detritus and bacter1al clumps would be.extremely difficult,

Tﬁe nutritionalr value of dettitus tofzooplankters has been demon-
sﬁ%ated by a nugber of w;rkers. Rodina (19645 found cladocerans grew
well when fed sterile det;itds bug failed to produce eggs., 'Heihlé

et al (1977} found'a simila; pattern in estuarine copepods. Nauwerk



4 4',_ .
(cited in Dumont 1977), on the basis of his study of-tﬁé fobds of
limnetic rotifers, has concluded Ehat'bacteria and detritus are botlr ‘
’ -2
important non-algal components of i filtrator's food..
In several studies of higher invertebrates, benthic forms especié}ly,

bacteria prévided the link necessary between primary production of the

"littoral zome in the

form of detrital particles and secondary production
s .

of animal tgssue. The bacteria conGerEed material which was indigest-
ible to a readily assimilated form. Lopez (1977)Afound that Qrchestia
g;il;gg digested only the bacteria associated with détritus produced
from Spartiga litter. Newell (1965) riade similar observetions studying
Eydrébia ulvee, a gastropod. Adams and Angelovic é1970) found that
particles which had been colonized by bacteria were more readily digest-
ed than non-colonized particles by‘the gastropod Bittium varium,

f
Paloemonetes pugio, a shrimp and the polychaete Glycera dibranchiata.

Odum and de la Cruz (1963) and Nauman (cited in Dumont 1977) both

- -

made a distinction between young or fresh»detritus and old detritus,
Fresh detritus is fhought té be more nutritionally’significa;t.by both
authors for different reasons. Odum and de la Cruz suggest a Qgcline
in energy of éetritus with age due to the draining of nutrients through
‘heterotrophié succession. Nauman feels that detri}us eventually becomes
impregﬁated with iron and, because of this, is avoided by plankters.’
The importance of detritus specifically to rotifers may lie in a
numbexr’ of competition related processes., Pennington¢(1942) found that

Daphnia could eat 45 times as many‘cells of the small alga Diogenes per

day as the rotifer Brachionus calveiflorug., The coexisﬁence of these

two groups of animals in nature, then, may be a result to the ability

ofa rotifer population to avoid competition with cladocerans and/or to

"
/



1bbacterial action. This bacterial action pro

2 | |

‘sustain themselves during periods of low algal- productivity by

+

;tilizing & lower quality but more abundant food source; detritus.

.

There are several observgﬁions which substantiate this theory.

-, . ) )
Nauwerk (cited in Dumont 19 d that Cladocera were asgociafed~

with.llgal peaks’while‘ﬂotifera were\associated with bacterial and

subsequently detrital peaks. Dumont 1977) suggested a competitive

advantage is:conferred upon rotifers over cladocerans in blue-green

algal blooms. A decomposer shunt is in operation in such blooms wherby

—

resources tied up in filametous biomass. awe made availsble through'
ces, small particles
suitable for use by filter feeders, Although oth rotifers and clado-
cerans can utilize this material, rotifers alone can feed continuously,
unhindered by algal filament blochagé‘of the filé%ring apparatus.

Furthe(é;:é, the differences in aséimilation efficiencigg between .
rotifers and cladocerans suggests another non-algal resource available
to rotifers (Dumont 1977). The fecal material of the relatively
1nefficien£ Cladocera probably contains resgurceg that rotifers can
utilize. Since a cladoceran's daily food ration is much larger than a
rotifer's, the fecal material from one cladoceran would be sufficient
to sustain nuﬁefous rotifers,

In order to elucidate the importance of detritus and bacteria to
a l?mmetic rotifer, the following investigations were carried out,
Experiments were designed to test the suitability of détritus for susg-
taining reproductive populatiéns of rotifers and Fhe relative importance
of bacteria and detritsl particles as components of detritus. The

. .

incorporation of detritus in the presence of varying concentrations of

algae was also measured to determine if selection is practiced,
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METHODS “
a) Rotifer Culture * . .
Brachiénuﬁ (=Eiﬂxiag) patulug, a common planktonih Monogonont

‘rotifer, was collected from a weed choked pond located at the mouth ,

of Ehe Thames River near Jeanettés Creek, Ontario (Canadian-Tﬁpograph-
ic Map Serieé, Chatham 1:50,000 Sheet, Militaky Grid Reference 816 85%).
The rotifer was culturéd in the labofatory under continuous indirect
light inm Bristolf; medium with sheep manure infusign.(James 1974},
Chlamydomonas spb. were used as a food sourée.‘ These algae, as well
as the algae used in the experiments were cultured in Bristol's med-
ium under continudus light from a 150 watt floodlight which passed
through a 15 cm. water fi}ter té dissipate excess heat. Algal cultufes
were shaken contiunously to prevent settling.
b) Labelling.Bacteria

A natural population of bacteria was labelled by adding 50 uCi
of 14C—protein hydrolysate (Amersham) to a medium consisting of 900 ml
sterile pond water; 1 g casitone and .1 g yeast extract. An iﬁoculum '
of 100 ml non-sgerile pond water was added and the culture was grown
at 37°C for 48 h (Sorokin 1966). ‘
c) Labelling Algae

Two fresh cultures of Chlamydomonas were started one week before

the day of the experiments in Bristol's medium, Forty eight hours
before the day of the experiment, 20 pCi of Na214C03, pH 9.5, was
added to one qf.the cultures,
d) Labelling Detritus

Detritug particles were produced by mascerating the macrophyte

Anacharig in a Polytron homogenizer. This suspension was passed

-
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through a ,147 mm mesh seive and then autoclaved, for 15 min.

LAY

To colonize the détfitus particles with a labelled bacterial
population, 600 ml of 140-labelled bacterig were added to 1200 m}
of‘unlpbelled detrital suspension. This was then incubated for 2 h
at 37°% (AdamS';nd Angelovic 1970) and the unatgached bacteria were
4 'separated from the detritus by centrifuging the suspension at 7000

rpm for 20 win, The resultant pellet was resuspended in 1000 ml
sterile Bristol's medium. | -
e) Measurement of Incorﬁoration Rate
. Incorporation rates were determined using' feeding chambers con-.
sisting of a 40 ml inner feeding comparément sﬁspended in an outer
cﬁamber containing the food suspension (Figure 1) (Bennett 19?7,JBevan‘
1977). The inne; compartment was open at both ends, one being covered
with a 300 Am mesh t; retain the animals while allowing cgrculation of

-

the food suspension. A slowly rotating magnetic stirrer prevented

» Y

ood particles from settling out during the feeding periods.

A Targe number of animals (50-75) were placed in the inner compart-
ment and then.into a.chamber containing unlabelled food for a 1 h pre-
graze period. During this period the animals became acclimated to the
apparatus and the‘good type offered. Following this ‘pregraze, the
compartments containing the animals were transferred to 14C-labelled
food for 4 h. Ag the-end of this graze %eriod, the animals were
returned to the unlabelled food for 1'h. This postgraze allowed the
egestion or assimilation of food found in the guts of animals at the
end of 4 h (Rigler 1971).

After the postgraze, the animals re filtered out on Sartorius

membrane filters and rinsed with distiflled water. Forceps were used
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to transfer the animals to 10 ml TEG sdintillatibn fluid to w

ml NCS tissue solubilizer was added. This reduced self abso
. L4

- -

théf pérticlesl Vials were kept at 50" ¢ overnight then stored®for 48
h to reduce chemoluminescence (Lampert 1974). Samples of the food ¢

\

. i
suspensions were filtered thrdugh ?;fforius membrane filters for
All radiocactivity was measured on a_.

radicactivity Teasurements.

Beckman LS 3150 liquid scinti ion counter using the e;:érnif/standérd

method for quench correctiom. .
Particulate carbon (POC) content ?;_the food suspensions was

determined by a ngification of the technique of Strickland and Pérsons

(1968).

In the experiments using the detfital-bacteriaI.association-as the
ration in which Sﬁly\the bacteria were labelled, the concentration of
labelled part%culate carbon in the bacteria was estimated using the

x following technique. " The radiocactivity of the detritus-bacteria complex |

. . v
was determined, as was the radiocactivity and POC of the bacterial sus-

pension which was used to produce the complex. 'The following values

were obtained:

-

- . .
. : SW dpﬁ of the detrital suspension
e . 'X' dpm of the bacterial susPﬁFsion

-1.
. and 'Y' mg € 1 = of the bacterial suspension

L4

X-dpm - -1
| YPgCrl:dem/ngl
apd Wdpm L =Mpg C 1" of the detrital

d Cl-= e o} e detrlita
‘ Z pm‘ug\ . bacteria.

In this way only labelled bacterial carbon was used in the calculation

-
of incorporation rates,

[ h ’

Incorporation rates were calculated using the following equation

»
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-~

from Bell and Ward (1970) after Sorokin (1966):

Ci

Ci=M,d, vhere:
r

rt|

amount of organic carbon incorporated individual hour (ng),

amount of orgamic carbon per unit volume food sudpension (ug 1 )

radiocactivity of volume unit food culture (dpm 1 ), -

~

radioactiwity of the consumer at the end of the experiment

/

(dpm individual 1), -
duration of the expos@re-of consumers to ‘labelled food (h). ‘ -

.
b . '
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9 EXPER IMENTS
I INTRINSIC RATE OF INCREASE

In this experiment the ability of 'aged' detritus and 'sterile’

- detritus to support reproductive populations of Brachionus patulus was
. . ’ .

investigated.”

METHODS
of B. patulus used in the experiment were hatched within
6L each/other, They were obtained by isolating a'iarge number of
g-cafrying females into 'mini-culture' and after 12 h, sel-
ecting the neéwly hatched animals for experimental maﬁipulation. p

Detritus particles were produced as outlined in thé General Method
then Jteated in the following manmer, The fine detrital suspension was
divided into two samp{Jf.' Penicillin G Sodium (Ayerst)(lOOO.IU ml_l)
and Streptomycin sulphate (50 mé 1_1) were added to one sample (Mullin'
and Brooks 1967) which was' then stored at &8 C. This treatment produced
a detrital sample in which the bacterial populations were severely
reduced in number. Hence, this sample is referred to as the 'sterile’
sample,

An inoculum of 5 ml of a suspension of 'matural''detritus was added
to the second sample. This was obtaineq_from an.iaquarium which contain-
ed a natural assemblage of marsh pond flora; fauna and detritus collected
from the pond from which the rotifers were collected. This second
sample was then incubated at 30°C for 6 days and this 'aged' detritus
was stored at 8°C. Colonization of the aged detritus by bacteria was

obvious due to the aggregation of particles in the suspension caused by

the adhesive action of bacterial polysaccharide excretions. This aggre-
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&
gation was not observed in sterile detritgg;\JDirect‘obserqptions of
the bacterial attachment to detrital particles were made using acridine

orange stain and epifluorescence microscopy techniques (Francisco et al

1973). Samples of both types of detritus were stained by mixing a drop .

of a 1% solution of dye on a slide, Thesé pyeparations were observed
immediatel; and'thé attachment of bacteria to the aged detritus and the
lack of attachment of liiing material to sterile detritus particles was
confirmed. Aged particles were found to have red té orange célouged
fluorescing attachments (bacterig ané protozoans) while no such activity
was noted on sterile Qetritus particles.

Infrinsic rates of increase were measured by exposing'the zooplank-
ters to five different treatmeﬁts of fo;Q_E?mbihations (Tagle 199

Groups’ of thirteen or fourteen 1 ml capacity Syracuse watch glasses

were filled with one of,thngﬁaginations described in Table 1. A single

specimen of B, patulud neonate was added to each watch glass (King‘1967).
These watch glasses were then placed in the dark in a sealed airtight
plastic chamber containipg a thin layer of water on tﬁe botp&m to
prevent"the‘evaporati;n of the medium in the experimental vessels.

The animals were observed twice daily for the first two days then
once daily for the remainder of the experiment. ' The hatched young

and/or the sborted eggs produced during this period were counted and

discarded. An experiment was terminated when all animals were dead,

The medium and food were changed daily. Particulate carbon content of (\_/

all food types was determined and dilutions were made to allow similar

POC levels to be available in all treatménts.

RESULTS

Survivorship, fecundity and intrinsic rate of increase (r) of
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these zooplahkters are summarized in Table 2. Mortality rate qur%es
are seen in Figure 2. An Analysis d}\:;riance.(ANééh) was performed
-on each parameterfzad all treatments siowéd §ignificant differences
among groués. Sum of Squares-Simultaneous Test Procedure (SS-STP)
(Sokal and Rohlf 1969), an a posteriori test on the initial ANOVA was |
applied to pairs of tréatments to determine differences,

| The survivorship of animals fed Chlamydomonas alone (11.86 days
+ .58) was not significantly different from those fed aged detritu;_\
(9.91 days + .SO)tSS = 17.90 p<.05, n.s.). The remaining pairwise
comparisons were all significantly different from oneAanother (p(f.OOl
in all cases} except for ‘the comparison of the survivorship of animals
fed sterile detritus and those kept in Bristol's medium?with antibiotics,
No difference was detected in this case (8S = ,73 .5¢ p< .75, n.s.). 8

Animals fed Chlamydomonas were found to be significantly more -

fecund than those fed aged detritus (8.25 + 1.0 eggs fema}edl coﬁpared
to 1.55 + .46 eggs female—l, respectively)(SS = 208.3 p<.001). There
was no significant difference in fecundity between animals fed aged
detritus and those fed Chlamydomonas plus antibiotics (SS = 6.57 p <.05
n.s.) | |

Intrinsic rate of increase of animals provided Chlamydomonas as

the ration (.358;1 .032) differed significantly from animals feeding
on aged detritus at the ,005 level (SS = .39).

Rotifers were initially placed in 1 ml Bristol's medium to deter-
mine the iifetime of starved animals. However, it was observed that
- the Bristol's medium supported growth of airborne bacteria on its
surface, resulting in a bactefial film. Animals were feeding by

situating themselves ver?ically with their coronas in juxtaposition

. )
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. . )

to the surface of the medium, The fitst observation .of male B. patulus
was recorded under these conditions. It is presumed that these animals

utilizing this resource were able to sustain themselves long enough for

male production to occur. Consequently, to starve animals, antibiotics

were added to the medium.
7

3



Figure 1:

Incorporation Rate Experiment Apparatus

a
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s

Table 1: Medium Manipulations for Intrinsic Rate of Increase Experiment.

S’
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'Table‘I Y . &

A

Treatment Number Z Treatment

1 .5 ml &hlamydomonas Suspension

PN
.5 ml Bp{iiol's Mediug

2 .5 ml Aged Detritus Suspension

.5 ml Bristol's Medium

3 +3 ml Chlamydomonas Suspension

.5 ml Antibiotic Extract®

4 .5 ml Sterile Detritus‘Suspension
.5 ml Bristol's Medium

5 .5 ml Antibiotic Extract™

.5 ml Bristol'é Medium

6 1 ml Bristol's Medium

*
Filtrate of Sterile Detritus passed through a Sartorius membrane filter.

N —t
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Table 2: Lifetime, Number of Eggs Fem'_" ;a\ndg, Intrinsic-Rate'.oa
’ : . Wy — 3
Increase for Brachionus patulugili‘“e“diVarious Food Types,
Towg
~ ‘5&‘&

o -
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Figure 2: Death Rate Curves of Brachionus patulug Fed Various Foods.

¥——x Sterile Detritus

0———0 Chlamydomonas and Antibiotics

+———+ Aged Detritus

#=————* Chlamydomonas

-
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IT EFFECTS OF ANTIBIOTICS ON INCORPORATION RATE

Given fhe marked decrease in lifetime of rotifers fed Chlamy-
domonasg with antibiotic extract (5.0 days versus 11,86 days for
rotifers-éed algae alone)(Table 2) an experiment was performed to
determine whether antibiotic toxicity was the cause of this observa-
tion.

METHODS
Seventy five animals were placed in each of two inner compart-

ments and placed in treatment chambers. In one set of treatment

chambers, 100 ml of 1&C—l'aaﬂ:u.-.lled Chlamydomonag were added to 500 ml

Bristol's medium. In the second group of chambers, antibictics were
also added. Triplicate samples were taken from each treatment cham-
ber for POC determinations and a 1 ml sample was taken from each

chamber for radioactivity determination. Incorporation rate was then

‘measured according to the procedure outlined in the General Methods.

. RESULTS
The rate of incorporation of Chlamydomonas with antibiotics
present and absent are given in Table 3. There was no significant

difference between the two sets of data (F = 2,92 .10 P. .25, n.s.).



\

Table 3: The Effects Of Antibiotics on Incorporation Rate of

-1 -1
Chlamydsponas by Brachionus patulus (ug C individual lh ).

Analysis of Variance F ratio = 2.92 (n.s.)



Table 3
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L

3 Antigiotics Present

Antibiotics Absent

.01312
.00556
01635

.01087

.01248

L 00434

.00165

.00528
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ITII SELECTION EXPERIMENTS
. 1) Suspended vs. betrital Bacteria
The results from the Intrinsic Rate of Increase experiments
indicate that detrital bacteria are an important alternate source of,
food in the absencé of algae for B, patulus (Table 2). The following
experiment was carried out to determine whether the attachme;t of
bacteria to a detrital substrate was important in making that source

of energy available, or if equal use could be made of suspended, un-

attached bacteria,

METHODS

Bacteria were labelled and gttached to detrital partigles as de~-
- scribed in the General Methods. 200 ml of detritus suspension™and

. r :
50 ml'bacteria suspension were each added to two differeﬂt chambers
containing two compartments., The incorporation rate of these two
food sources was then measured according to previously described tech-
niques, The POC of the bacterial suspension was determined and the

POC of dettital bacteria calculated according to the method outlined

in the General Methods.

RESULTS
The incorporation‘rate of bacteria found in suspension and attached
to detrital particles was found to be not significantly different (F = .097

p<.05, n.s.). There was no apparent preference for bacteria attached

to detritus. The values obtained are found in Table 4,

-

ii) Algae vs. ﬁetrftus

This experiment was ‘earried but to __rednforce the result obtained
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o

in thgrlntrinsic Rate of Increase experiment which indicated that algae

was preferred food source for B, - patulus, "

METHODS
Algae and detritus were labelled as described in the General
Methods. POC determinations were made directly for algae and indirect-

"ly for detritus through the approxomation calculations outlined pre~

—
¢

viously.

Eight chambers| were set up containing two compartments. Algae and/or

detritus were added to each, In four chambers, the detritus was labelled
while in the other four chambers the algae were labelled, The concen-

tration of the food types in each chamber are given in Table 5.

RESULTS

.

The incorporation rates of algae aﬂd detritus cdmbiﬁed by Brachjionusg
pggglgg-are sumarized in Table 6. In the controls, the incorporation
ratés were not s;gni%icantly different'when the animais were provided
either Chlamydomonas or detritus as the ratiom (F = .164 p<.05, n.s.).
However, when the two foods were combined, algae at all concentrations
were incorporated at a rate not significantly different from the control
(F = .997 p<.05, n.s.), whereas the incorporation rate of detritus
drops significantly (F = 227.9 p<.001). Incorporation of detritus
increases in Chamber 4 where 75 ml of detritus are combined with 25 ml
algae in comparison to Chambers 2 and 3 which contain 25 and 50 ml
of detritus and 75 and 50 ml of algae, respectively. (8§ = 1.6 x 10—6

- and 8§ = 1.99 x 10_6 respectively, .01<p<:025). The uptake of 140 in

Chambers 2 and 3 was not significantly different (SS = 2.1 x 10-8

p<.05, n.s.)}. Chambers 2 and 4 (algae *Fbelled) were not significantly
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Table 4: The Incorporation Rate of Suspended Bacteria and

dJ .

Bacteris Attached to Detrital Particles.

Analysis/of Variance F ratio = .097 (n.s.)

-



Table 4 .
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Suspended Bacteria

Detrital Bacteria

.00664

.00581
. 00456 .00564
. 00460 *.00477
.00585 .00452
. @
.
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 different from Chambers 2 and 4 (detritus labelled) at accepted levels
(F = 8.95 05¢pc¢C.1, n.s. and F = 7,26 .1¢p<.25, n.s.; respectively), -
There w&s, however, a trend towards a difference in resultg indicating
further suppsrt for the result that B, patulus does actually select

for the preferred food type,
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Table 5: Coacentration of Food Typés for Selection Experiments

(Algae versus Detritus),
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e .

Table 6: Incorporation Rate of Algae and Detritus in Mixed

Suspensions (ng C individual-lh-l).

-
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DISCUSSION

In this study it was shown that Brachionus patulus fed an algal
diet demonstrated a higher rate of egg production than animals fed
detritus (Table 2). Similar results were found by Heinle et al (1977)
in the copepod Scottolana canadensis and Pilarska (1972) réported ;hat
algae-fed Brachiopus rubeng demonstrated better survivorsﬂip and
fecundity and produced its first 'eggs at ﬁ younger age than those fed
a bacterial diet:

Survivorship of B. patulus, however, was not gignificantly differ-
~ ent whether the animal was fed.aged detritus or algae (Table‘Z). The
decreased survivorship reported by Pilarska when B. rubens was fed
only bacteria may have been ghe result_of using only a single species
of bacféria, Aerobacter aserogenes whereas E; patulus received a
natural microbial population Fhich also included protozoans.

Althbugh the possibility exists that B. patulus may derive nutri-
tive value from detrital particles per ge, present data do not suppert
this (Table 2), The fact that longevity of starved animals (cultured
in sterile Bristol's medium) was not significantly different from
animals fed sterile détritus indicates that a source of nourishment
was not present.

The above result may be confounded by the presence of the anti-
biotics necessary to produce sterile conditions in treatment chambers.
While incorporation rates of algae py B. patulus were not affected by
anéibiotics with exposure times of four hours (Table 3), life table
data indicate, however, that antibiotics exert a negative effect on the

animals over longer exposure times (Table 2). This was demonstrated

in Figure 1 where the first deaths occured on day 2 in populations
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.
exposed to algae-antibiotic mixtures. Intrinsic rate of increase
experiments show that algae-fed animals were much more fit than
animals fed algae in the gresence of.antiﬁiotic'extract.

The comparison of sterile detritus with aged\detfitus as a
poséible nutritional source is further confounded by the nature of the
detrital particle after preparation. Aged detrital particles igfluenced
by bacterial action may have had certain nutrientg altered in this
process rendering them readily digestible. Such action could not occur
in sterile detritus preparations. If this’ﬁere an' important process,

v
the difference between the two detrital particles would be greater
than simply the presence or' absence of bacteria. To circumvenﬁ\this
problem, botﬁ.particles could be. colonized initially. One group would:
then be sterilized for use in the experiments as the stér@le ration.
The problem arises,'however;xén that dead, attached miérobes, rather
than the particle itself, may provide nutrition to the animal.

Ideally, the need fof steri1e.conditions to monitor the incorpor-
ation of detrital particles gﬁauld be eliminated. To this end, attempts
at labelling plant tiss;e to éarry out incorporation rate experiments ’
on detfital particles were made, but were unsuccessful. Techniques for
incorporating label into plant structural tissues are necessary to
determine definitively whether or not detritus particles are digested
direcély by B. patulug.

Selection experiments indicate that algae is actively chosen over
detritus as a source of food when both are present (Table 6). However,
algae and bacteria atﬁached to algae-gized particles were found to be

incorporated at similar rates when each food type was offered to B.

patulus as the sole food source. Assuming that both food types are

ry
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assimilated with equal efficiencyl these resuf&s indicate that
B. patulus is capable of ingesting algal cells and detrita] particles
at eqﬁal rates.

When the two food sources are mixeé\&zﬂi 1:1 ratio, however, the
incorporatioﬁ rate of algae remains unchanged from(the control while
the incorporation of detritus drops to less than 20% of control rates.
When detrit;s and algae are found in a 3:1 ratio, the incorporation
rate of lagae is not significantly different from the control whereas
detritus is only incorporated at a rate 50% of the control. Differeqt

species of algae other than Chlamydomonas are incorporated at different

rates by B, patulus (Bennett 1977) and therefore, could possibly yield
different results. .

Whether selection occurs at the level of ingestion or assimilation
is not proven in these experiments. The Eues a rotifer receives from
different food particles and the anatomical features responsible for
reception of those.;ues is also notrknown.

Gilbert and Starkweather (1977) have demonstrated three ways in
which Brachionug calyciflorus can select and reject food particles.
The first mechanism invloves the folding of the pseudotrochal cirri
over the buccal field to form a screen capable of blocking the passage
of very small particles. The secund method by which particles can
be selected is by a change in the cilliary beat of the buccal field,,
thereby.expelling unwanted particles through the ventral cleft of the
funnel before they reach the oral canal. The third technique B. caly-
ciflorus uses in rejecting particles is to expel unwanted particles

which have already entered the oral canal with the jaws. This material

ig' then swept away by cilliary actiom in the buccal field.
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The fact that detrital bacteria and algae are ?ssindlated at
equél rates when found alomne 'indicates that selection occurs before
the food enters the gut. Selectgon must occur at the ingestion
level, probably using at least one of Gilbert and Starkweather's
mechanisms. The fact that food particle size cannot, in these exper-
iments, be used as a selection criterion, indicates.selection probably
occurs in the buccal field and/or oral canal.

Lenz (1977) assumes that phytoplankton and detritus are ingested
in proportions equalléo the amounts of each found at a particular
ti;e.. This is based on the assumption that filter feeders cannot
qualitatively distinguish between similar sized phytoplankton and
defrital particles, 1In the case ofr§; patulus, this assumption can
now be challenged since selective ability has been clearly demonstrated
by this rotifer: |

The fact that algal food sources are selected over.bacterial
sources may be explained on the basis of attributes of both food types.
Pilarska (1972) feels that bacteria have a negative effect daused by
;etabolic byprodycts. Heinlg et al (1977) suggg;t the presence of
some trace metabolite in algaé not found in bacterial cells is essen-
tial to egg production. Baseh on the results of the Intrinsic Rate
of Increase experiments {(Table 2}, Heinle's theo;y seems to be the
most probable. While survivorship is not affected negatively by bacter-
ial food, egg production is affected by the absehce of algae.

The fact that B. patulug was able to incquorate bacteria equally
well when the cells were attached to a detrital substrate or in suspen-

sion (Table 4) indicates the wide range of food particles that may be

available to this suspension feeder.
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