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ABSTRACT

Investigations on bredation in natural commu&gtieé indi-
cate that predators are not all equal .{n their impact on
ecosystéms.‘ Accidental and'experimentai perturbations of
ecosystems suggest that top predators control the structure
of communities. - That'appears to be true in fresh-water
lakes, where planktivorous fish determine the size structure
~of planktonic comﬁunities without affecting biomass or the
utilisation of.this bidmass. Among the small invertebrate
carnivores of Heney- Lake, Quebec, only the water mite Piona
constricta lacks a predator. As a result that partiéular
speéies'provides an ideal tool (1) to compare the role of
small invertebrate and large vertebrate predators in the
community, and (2) to assess the importance of trophic posi-
tion in that regard.

The éxperimental work consisted oj.manipulating densities

of the water mite in situ to compare community response in

enriched and non-enriched systems. - To this end, twelve en-
"closures of 8000 litres in capacity-were used to isolate wa-
ter columns 10 meters in depth; four were kept as controls,
while water mite densities were doubled in four others and
tripled in the rest. The responses of the phytoplankton and

zooplankton populations were followed for six veeks,

- iv -



The initial enrichment fesulted in a seven-fold average
difference in water mite densities between the manipulated
and control enclosures. Water mites were found to have a

selective impact on herbivore biomass as four populations of

. zooplankters were significantly decreased by the enrichment.

This resultg f;om differential escape abilities of the prey
rather than from active seléc;ion by the mites. While water
mites are found at relatively low den%ities, they have high
pfédation-ratesl per'capita-so that their cropping rate on
zooplankton is comparable to thgt of most other invertebrate
predators of the p;lagic zone ‘of Iakes; .,

lThe reduction in herbivore den;fties resulted in 1in-
c{éased phytoplankgon'volume, due -to lowered grazing pres-
sure on the ed;blé algal fraction. Small . but significant
increases in inedible:bhyfoplahkﬁon species richness were
régisteredi likely -aug to shifts in nutr{ent évailability
following changes in phytoplankton volume. T?é.:esults in-
dicate that, in Heney‘Lake, invertebrate predators }egulate
zooplankton degsities di}ectly and phytoplankton volume and.
size structure indirectly. - Community structure determines
the extent to which water mites regulate the phytoplankton
assemblage; 1if the phytoplankton 1is composed of a large
fraction of - small algae exploited by the herbivores, in-
vertebratebpredation will have an impact on the whole sys-
tem. On thé'sﬁher hand, when large algae dominate the phy-
toplankton, the impact of the predator will Bgfiiﬁited to

regulating its pgey.
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‘.. Although Piona constricta plays a role in- regulating

AT

ﬁl&nktén populations when the system is- near eguilibrium,
major changes brought on by- large. shifts in nutrient avail-
ability override the impact of the mite. _ |

Such results indicate that, although small invertebrate
predators consume a very large proportion of the zooplankten
production; " their density is highly dependant on the pres-

ence of adequate prey, and tﬁerefore, on the size structure

.of the'zooplankton'assemblage. The latter is largely deter-

mined by the abundance of large vertebrate predators.

| The trophic position of an invertebrate carnivore does
not seem to determine the extent of its impact on the commu-
nity but has implications for energy flow, since water
mites, as top predators, reduce thé zooplankton production

available to planktivorous fish and fish larvae.

.
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RESUME ) S

Nombre d'études sur le role des prédateurs en milieu na=

turel ont établi gue l'impact de ceux-qi sur leurs systefes’

‘n'est pas toujours semblable d'une espéce 3l l{autre..3 Les

perturbations d'écosystémes, gqu'elles soient accidentgiié§
ou expérimentales, suggerent que la structure des commu-
nautés est controlée par ies "top” prédateurs. Ainsi dans
les lacs, c¢e sont les poissons planktivores gui déterminent
la strycture des communautes planktoniques, pour ce gui con-
cerne.la taille des organismes, sans affecﬁer toutefois la
biomasse ou l'utilisation de celle-¢i. Parmi les petits in-
vertebres carnivores du Lac Heney, situe au Quebec, seule la

mite aguatique Piona constricta n'a pas de predateur. Aussi

cette espece représente-t-elle un outil ideal pour (1) com-

Fal . . - - - -
parer le role des petits invertebres et des vertebres dans

la communaute, et (2) pour evaluer 1'importance de la posi-

- - ’ - - - - -
tion trophigque sur ce plan. L'experience consista a manipu-

ler les densites de la mite in situ de fagon a comparex les

éommunautés enrichies a celles non-enrichies. A cette fin,
douze enceintes de 8000 litres furent utilisees pour isoler
des colonnes d'eau de 10 metres de profondeur; -quatre en-
ceintes furent mainténues comme témoins, tandis gque les den-

- L » - -
sites des mites  furent doublees dans quatre -autres enceintes



et triplees dans lés guatre restantes. Ensuite lés popula-
:ticpsté phytoplgnkton'et de zooplankton furent echantillon-
Vnées;péndént six semaines. ) -

L'enrichiséement initial donna lieu en moyenng a des den-
sites de mites sept fois plus &levées que les valeurs tem-
oins. Les mites eurent un impact selectif sur les herbi-
vores puisque -quatre popuiations de =zooplankton furent
rédﬁites de maniere significative suite a l'enrichissement.
Ceéi est du aux différences existant au niveau de la strat-
egie defensive des ‘proies‘plutgt qu'a une séleétion activé
des mites. Bien que les densités de mites sotent féibles,
leur taux de predation pér individu est eleve, si bien que
le taux de consommation de zooplankton par la population de
mites est semblable,é celui d'autrés érédateurs invertebres
de la zone pelagique des lacs.

La reduction des densités d'herbivores entratna une aug-
mentation du volume de phytbplankton, due a une reduction du
broutage sur les algues comestibles. L'augmentation faible
mais significative du nombre d'especes de phytoplankton
non-comestible est probablement due 2 un changement de la
disponibilite des eléments mineraux .suite a la hausse du
volume de phytoplankton. . Les resultats indiquent gqu'au Lac
.Heney, lés prédateurs invertebres réglent directement les
densites du zooplankton, et indirectement le volume et la

structure du phytoplaﬁkton. La structure de la communauté

determine 1'impact des mites sur le phytoplankton. Lorsque

- viii -
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ceiui—gi consiste essentiellement en algues comestibles ex-
ploitées @ér.les.herbivores" le prédateur aura un impact gur
tout’ le systéme” Par contre,. lorsque les aigues non-comes-
tibles dominent, 1l'impact sera.limité aux herbivores.

- " - - ‘ - A y -
Bien que Piona constricta joue un role dans la regulation

des populations. planktoniques gquand celles—gi sont relative-
ment stables, 1'impact des mites est minime lorsque: des

N - - - - - - -
changements majeurs ont 1lieu au niveau des elements miner-
-}

Fux. ot
. - . - - '
Bien gue les predateurs invertebres consomment une pro-

Jortion importante de la production du zooplankton, leur

- - ’A - any - . . -
densite est fortement liée 3+ la presence de proies ade-

.quates, et ainsi a2 la compositibﬁ du zooplankton, pour ce
qui concerne la taille des organismes. Celle-gi est déper-
minee en grande partie par 1'abondance de pré&ateﬁrs verte-
bres.

La position trophique d'un carnivore invertebre ne semble
pas determinef  l'impact qu'il aura sur la communauté mais
est importante pour le flux daénergie. Ainsi la mite en
tant que "top" prédateur, reduit la production de zooplank;
ton disponiblé pour les planktivores et pour les larves de

»

poissons. -
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Chépter I
INTRODUCTION

1.1 PREDATION

Consumption of one organism by another for growth, metab-
olism and reproduction is the fundamental interaction in ec-
ological systems. Indeed the network of all predator-prey
links in a given environment will define the biological com-
munity of that environment. While - the number ané relative
position of the links determine food web structure, the rate
and direction of energy flo; is a function of the intensity
of interaction. Understanding the -components of predation
and their relation to community structure has now become a
major goal of ecology.

Historically, interest in predation was stimulated by the
observation of regular predaﬁor-prey cycles in nature and
the potential for biclogical control of qgrtain pest species
by their predators. The first attempts to interpret preda-
tor-prey interactions mathematically are attributed to Lotka
(1925) and Volterra (1926). Their early models exhibited‘
neutral limit cycleé where predator and prey populations os-

*cillated indefinitely with an amplitude determined by the

AN



_ 2
initial densities of thé predator and the prey popuiatipns.
If these médels were innbvative, they lacked realism in sev-
erél wajs._ First, regular oscillations are more the excep-
tion than the-'rule in nature {(Tanner 1975). Secondly, their
equations did not Encorporate density-dependant prey growth
and assumed that prey capture and predator growth were a
linear function of population density. Through greater re-
alism and éomplexity, later models {Rosensweig and MacArthur
1963, Maynard Smith 1974, Hassel 1978) adequately described
) tﬂe behavior of simple predator-prey interactions. However,
those remained limited in scope. '

Holling (1963) took =a more realistic approach which orig-
inated from his interest and experience in pest management.
Using experimentallfomponent analysis, he identified the ba-
sic components of'the functicnal response of predators to
prey density, and determined how hunger,learning, inhibition -
by prey, interference between predators or avoidance by
learning prey modified thé response (Holling ~1965, 1966).
This approach has provided impbrtant insights on the out-
breaks of certain insect pests (Peterman et al. 1978}, the
decliné of commercial fish stocks ’(Petermaﬁ 1977}, - and hu-
man-host parasite systems (May 197775.

Unfortunately such models can only handle systems con-
sisting of a small number of species and do not generate in-

formation about whole system behavior. Comprehension of the

role of predation 1in community regulation and structure
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clearly reqguires a manipulative apprdach. Already the per-
turbation of natural ecosystems by accident or experimenta-
tion has yielded large amounts of information about the role
played by certain species in the wild. Man's abiiity to in-
fli;t important damages on natural communities has given
ecologists an opportunity to observe the response of ecosys-
tems to stress.

For example, intensive selective fishery in the Great
Lakes resulted in major changes in the fish stocks over the
last 100 years. Heavy exploitation of'lake sturgegn, lake
trout, herring and whitefiéh accompanied by the introduction
of the sea lampr;y in the Great Lakes has led to the decline
of these populations while chub, carp, smelt and alewivé&
-became the dominants in the system (Smith 1968).

Following the introdubﬂ‘on of the ciclid, Cichla ocellar-

is, a native of the Amazon River, in Gatun Lake (Panama),
the trophiﬁ Structure of the l$ke community underwent major
changes (Zgret and Paine 1973). The cyclid, now the £op
predator in the system, successfully invaded the whole lake
and eliminated six of the eight native fish species. Th}s
in turn altered the =zooplankton community structure, in-
creased the population density, of mosquitos and decreased
that of fish-feeding birds.

" The major role of predation in structuring intertidal
communities is ‘also well-~known. Through bio-manipulations

Paine (1966) demonstrated how a top predator, Pisaster
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ochraceus, can promote skecies dive}sity in an ecosystem.
Fo}lowing the rémoval of his sea star from a section of
shoreline in the “state of Washingto:, tﬁe intertidal zone

became dominated by the mussel Mytilus californianus, the
o+ .

preferred prey of the étarfish, at the expense of several
other invertebrates‘ that were ﬁltimately excluded. These
results were confirméd by;the work of Lubchenco and Menge
(1978) whoﬂfqund that predation by starfish and gastropods
was the dominant interaction structuring the low intertidal
zone community.

Sea otters (Estes et al. 1978, Duggins 1980) and lob-
sters (Breen and Mann 1976) are known to promote very div-
" erse and productive kelp-dominated subtidal communities
through intense predation on sea urchins. In this case the
over-—-exploitation of the top predators has led to the com-
plete elimination of most of the macrophyte beds and associ-
ated fauna by an exploding sea urchin population.

in the last twenty years numerous studies on lake plank-
ton systems have demonstrated how fish predation 1is a very
" strong structuring ageni of the zooplankton assemblage.
Brooks and Dodson (1965) noted that lakes with the alewife

Alosa pseudoharengus contained only small species of zoo-

plankton while lakes without the fish had populations of
large species. Following the introduction of alewife in a
lake, the modal size of the =zooplankton went from 0.784 mm

to 0.285 mm. This indicates that Alosa selects prey of
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large size and.thus - determines zooplankton species composi-

~tion.

In a similar vein Galbraith (1967)' found that the intro~
duction of rainbow trout in a lake resulted.in the elimina-
tion of the largest Daphnia species along with a reduction
of the average size of the éooplankton. Hall and his co-
workers (1970) added fish to fishless ponds and followed the
response pf the 269blankton community. Although the fish
had no effect on total biomass, they had profound effects on
the diversity and size distribution of the plankten.

Such results suggest that predators . at the top of food

webs are the dominant structuring element in the community
N

while the other predators play relatively minor roles. This
may be a function of certain topological and dynamical prop-
erties of food webs , that is, the relation between feedback
;oop configuration and community stability. Or it may be a
function of differential interaction strength; 1in otber
words, predators which shape communities may be simply those
that are very large with respect to their prey and c¢ ﬁ
therebx remove prey at high rates. Only through the selec-
tive manipulation of "target" species within a known food
web can one determine the relative role% played by these
factors. )

This study will focus on top predators. It will compare

the relative importarice of small invergebrate and large

vertebrate top predators in shaping the structure of lake
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planktoh communities. This particular system offérs several
advantages: a) in a lake, whol? communities can be isoclated
and experimentally manipulated with relative ease:\\b) the
response time of the system is a matter of weeks, rather
than years, due to the very short generation t;me of plank-

tonic ?rganisms; and c) a considerable amount of information

is available on the feeding relationships of lake organisms.

1.2 LAKE PLANKTON COCMMUNITIES

1.2.1 Predators of lake plankton

Since the early findings of Hrbacek {(1962) that the size
of zooplankgon species in freshwater lakes Of pends is an
inverse function of fish stock, the ability of planktiyorous

:fish to structu;e zooplankton communities has been widely
documented (e.g., Brooks and Dodson 1965, Galbraith 1867, .
Hall et 2l. 1570). In the absence of fish, . other verte-
brate planktivores such as salamanders (Dodson 1970} and
birds (Dodson 1979) c¢an play a similar role in structuring
pond communities.

The other carnivores of the planktonic food web of lakes
are microcrustaceans. These invertebrate predators probably
play an important role in regulating community metabolism.
In this respect investigators have focused. fheir attention

on the feeding behavior, mechanism, rate and selectivity of
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“invertebrate predators, both in the laboratory (Fryer 1S857a,
1957b, Mordukhai- Boltovskala 1958, Confer 1871, Confer and
Cooley 1977, Brandl and Fernando 1974, 1978, Kerfoot 1978)
and in the field (Cummins et al. ~ 1969, Anderson 1970, Fe-
dorenko 1975a, 197éb, -Brandl and Fernando 1979, Jamieson
1980, Kerfoot apd Peterson 1980, Pastorok 1980, Williamson
and Gilbert 1980). These investigations have isolated the
components of the predation process and their impact on‘ih—
dividual prey. Howevel, because o{aéye multidimensionality
of real food webs, one cannot inféé”from simple cause and
effect relationships the role played by predatory inverte-
brates in plankton community metabolism.

An alternate approach has been to apply multivariate séa-
tistical procedures on extensive field data. However, this
approach has so far yielded more information about the phys-
ical and chemical characteristics of lakes than about their
biclogy (Sprules 1977, 1980).

- These studies have provided valuable information on the
role played by invertebrate predators in determining the
relative abundance of zooplankton species: To understand
how invertebrate predators affect&the whole systém, experi-
mental manipulations are required. Only by manipulating
densities of invertebrate predators in situ can one observe
the response of all the compoﬁents in the system and evalu-
ate the importance of invertebrate predators in food-web d}-

namics. Very little has been accomplished in this regard,
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except for the recent manipulatioﬁs of larvae of the . phantom

8

midge Chaoborus in an oligotrophic lake {(Neill _and Peacock

1980, Neill 1981), that have indicated that Chaoborus has

‘

relatively little impact on zooplankton community structure.

l.2.2 Heney Lake plankton community structure

L}

The food-web of the pelagic zone of Heney ﬁake, Quebec,
is described 1in figure 1. Although the lake'is known to
harbour‘pégz 25 species of fish {(Faber 1982), only five are
residents of the pelagic zone. ‘ The top predators are lake
char and Northern pike, but it must be stressed that they
are only occasional residents of the pelagic zone studied.
The latter species is more closely associated with the weed
beds of the 1ittoral zone and the former, 1is only rarely

found in the shallower basin of the- lake (Delisle 1969)

.where the present study takes place.

The three other fish species représented are voracious
planktivores that are present in the pelagic zone most of
the year. They will. be joined at certain times by the

planktivorous life stages of littoral and benthic fish spec-

ies (Scott and Crossman 1573). These planktivores may be

responsible for maintaining the size structure of the zoo-

plankton assemblage by\PreventEn§ colonization by the larger

species more susceptible to size-selective predation. The
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S

zooplankton species present in the pelagic zone are small

and characteristic of lakes subjected to medium to high in-

tensities of plankfivorous predation. pressure (2Zaret 1980).

The other.carnivores in the system are invertebrates. Those
are all subject, in varying degrees, to fish predation ex-

cept for the water mite Picna constricta.

Of the- 2800 species of water mites identified so far (Pi-

eczynski 1976) almost all inhabit either ponds, streams bg

the littoral zone of lakes. Very few species have ever been

L d

regarded by Yimnologists as being associated with the pefé—

gic zome of lakes {Hutchinson 1967). However, the recent

. work of Gliwicz and Biesadka (1975) on the water mite Piona

limnetica in Madden Lake, Panafma, has clearly ‘'showed the im-

portance of this species in the pelagic zone, both in terms

of population size and impact on the zooplankton community.

et

Riessen (1980, 1981, 1982) has established that Piona con-
stricta resides in . the pelagic zone of Heney Lake and uses
the zooplankton as its food source.

. Both investigators émphasized that, thanks to peculiar
adaptations, those water mites are not accidental plankters.

Thus, Piona limnetica and P. constricta both have swimming

setae on their legs that widen and flatten towards their
distal ends, in order to increase swimming efficiency. P.
constricta exhibits diel vertlical migration which is proba-

bly an adaptation to maxjmize contact with cladoceran prey
¥y -

that follow the same migriﬁ}ﬁﬁ/g;ttern (Riessen 1980)., Fur-
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ther, P. constricta has a life history pattern distinct from

most other'hydracarinids, which might be an-'aéqﬁtétion to
the pelagic enviromment (Riessen 1982). . In the sequence
from egg to adult, ~only the n¥ymphs and adultsn=are active
predators. In most species the larvae search out an insect
host which will serve as a food source and an agent of dis-
persal. In P. constricta the larvae do not need a host to
develop successfully to the 'nymphal‘stag;. -This modifica-
tion of the typical life history pattern has freed the mites
from the need to £ind a'iittoral host species. The evidence
thus indicates that certain water mites are true pelagic in-
habitants.

Rejection of water mites by both invertebrate and verte-
brate predators ' has long been recognized (Elton 1922,
Cloudsley-Thompson 1947). 1In reviewing the ecology-of water
mites, Pieczynski (1976) concluded that they contribute Qery
little to the food of invertebrate predators and f£fish in
spite of reaching densities of thousands per m?. The share
of water -mitgs in the food of three species of £fish, the
tench, the ca}p”énd the crucian carp, represented iess than
é% of the food biomass and was probably ingested accidently

(Pieczynski and Prejs 1970). P. constricta is rejected by

the planktivorous banded killifish Fundulus diaphanus (Ries-

sen 1981), and its close relative, ths_pelagic water mite

Piona limnetica has no known predator in Madden Lake, Panama

{(Gliwicz and Biesadka 1975). Elton (1922) was the first to
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suggésﬁ that the bright colours of some species oE water
mites may be related to their unpalatability. Although P.
constricta is not brightly coloured but rather dark brown,
ét can be easily recegnized by fish and thus avoided. Ker-
foot (1982) demonstrated that fish rapidely learned to avoid
mites as a food source. One may then conclude that P. con-
stricta is probably devoid of. géy predator in the belagic

\ .

.zone of Heney Lake.

Thus, the mite Piona constricta pears remarkable in at

ieast two respects: it is a true inhabitant of the pelagic
zoné of Heney Lake, and an invertebrate top predator. This
makes it a highly suitable tool for this study which has two
main objectives: (1) to coﬁpare the impact of an inverte-
brate predator on planktonic community structure to that of
vertebrate planktivores, the presumed dominant structuring
agent; (2) to assess the relative importance of trophic po-

sition, by comparing the impact of the invertebrate top pre-

dator in the system to the other invertebrate predators.
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Labelling code:

1) phytoplankton cells >30 um
phytoplankton cells 10-30C um
phytoplankton cells <30 um
particulate organic matter
dissolved organic matter

- bacteria
Daphnia 1 men

D. retrocurva
Diaphanosoma leuchtenbergianum

Ceriodaphnia lacustris
{8) Bosmina longirostris
Chydorus sphaerlcus
Tropocyclops prasinus mexicanus’
Diaptomus (2 sp.)
copepodites
rotifers and copepod nauplii
Leptodora Kindtii
Chaoborus L
Eglschura lacustris
Mesocvclops edax
Acanthocyclops vernalis
(15) Plona constricta
{(16) Osmerus eperlanus mordax
Coregonus artedii
Coregonus clupeaformis
planktivorous 1ife stages of littoral and benthic fish species
(17) Salvelinus namaycush .
Esex lucius .
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Dotted lines represent probable but weak interactions.
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Figure l: Food web of Heney Lake pelagic zone






,Chapter II
MATERIALS AND METHODS

2.1 HENEY LAKE

Heney Lake is situated in the province of Quebec (46°0é"
N, 75°55' W), approximately 100 kilometers north of'Ottawa._
This is a hardwater lake of low nutrient levels, with con-
"centrations of PO4°- lower than 1 ug/l (Briand et 2al.-
1978). The pH varies between 7.8 and 8.8, and the hypolim-
nion is never anoxic, with oxygen concentrations rarely low-
er than 5 ppm (McCauley 1978).

Heney Lake exibits a phytoplankton successional pattern
typical of. northern temperate lakes of mesotrophic status.
This pattern has been described by wWall (1980) and consists
of three Tmajor biomass peaks: two diatom_maxima, in spring
and fall, and one blue—green. maximum in late summer. The

diatom biomass peaks are dominated by Asterionella formosa,

while the blue-gieen maximum 1s mostly the result of blooms

of Aphanizomenon flos-agquae and species of the genus Anabae-

na. The chlorophytes, chrysophytes, cryptophytes and dino-
flagellates contribute only a small percentage -about 30%-

to total phytoplankton biomass, reaching their maximal sea-

_13_
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sonal highs in late spring, early summer and after the fall

-
-

"diatom maximum,

2.2 ENCLOSURES AND MANIPULATIONS

The experiments were run in the summer of 1978 in a small
bay (fig.2, station A}, 11 meters in depth, located at the
"northern end of the lake. Twelve enclosures, 1l meter in di-
ameter and 10 mete;s long, were built out of clear polyethy-
lene tubes sealed at the bottom and maintaiﬁed. open at the
top by an aluminum ring. The enclosures were sunk in the
bay on the 7¢¥h of July and then filled by towiné vertically
the opening of the tube through the water column. They were
later filled to capacity with a gas-powered pump. The bot-
tom of the enclosures was anchored with cement blocks while
the opening was ﬁaintainéd above the water line with four
carbuoys. Each enclosure held approximately 8000 liters of
lake water. They were left unperturbe& for one week before
the manipulations to allow the plankton populations to re*
turn to eqguilibrium.

The enclosures were divided in three sets of four.. The
manipulation consisted of adding to each enclosure 600 water
mites in the first set, 1500 in the second set, leaving the
“remaining set for contreol. The levels of mite enrichment

were chosen so as to approximate levels two and three times

‘o
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N

greater than that of thé controls. The water mites were
collected the week previous to the manipulation from plank-
ton tows ~ taken from the pelagic zone of the lake (fig.2,
station B). Only adult mites were collected fof uniformity
of treatment, using individual size as the main criterion

for selection. R
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A: experimental area

B: area where water mites were collected

-

Figure 2: Contour map of Heney Lake, Quebec Co
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2.3 SAMPLING AND COUNTING PROCEDURES

The eﬂclosures were sampled on the day preceeding the ma- °
nipulation, qﬂd weekly thereafter. Phytoplankton samples
were collected with a 2-litre Van Dorn bottle at depths of
0, 3, 6 and S metres. Subsampleslof 100 ml fromifach'of the
depth samples were combined and preserved immediately in Lu-
gol's solution. Then they were allowed to settle for three
days, after which the top 300 ml were siphoned off. Phyto-
plankton cells were counted with a 2Zeiss inverted micro-
scope, .using the standard sedimentation procedure. A mini-
mum of 400 cells were counted, which assures 9%% confidence
limits no larger than 16% of the count (Lund et al. 1959).
Taxa were identified down to the species level, wheﬁgver
possible, and volume was determined using standard geometric
shapes (Kovala and Larrance, 1966) and cell volumes (Wetzel,
1975}.

Zooplankton populatiéns were sampled by towing vertically
through each enclosure a plankon net of 110 um mesh and 28
cm in diameter. As no more than 6% of the total volume of
the enclosure was filtered in this way each week, it is as-
sumed that sampling was not a major perturbation to the sys-
tem. The samples were initially preserved in Lugeol's solu-
tion to which formaline was later added. Ten per cent of

each sample were then examined using a Wild M-7 stereomicro-
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scope, and.at least 1000 individuals counted; each was iden-
tified at the species level and, 1in the case of copepods,
classified as adults or juveniles. Because of taxonomic dif-

ficulties all nauplii were grouped into one category.



Chapter III
- RESULTS

3.1 WATER MITES

To evaluate and compare mite predation between enclosures
through the whole experiment I simply computed the total
number of mites counted in samples from each encgosure fol-

\\Eoging enrichment (Table 1). Although such an'index is not
an absolute measure of :predation pressure, it allows to
guantify the relative importance of the water mites in ‘each
set of enclosures. As shown in table 1, the enrichment re-
sulted in a substantial increase in water mite density, but
there was no significant difference (t-test, P>>0.05)} be-
tween the 2X- and 3%~ treatmemts. Both groups were there-
fore lumped into a single one. h ’

Since this new set of eight enclosures had a much greater
variance in mite density than the control, it was decided té
restrict fu:ther analysis of the enriched enclosures to ‘
those where the "predation pressure™ index was within one
standard déviation of the mean. This measure seriously al-

leviated the risk that the non-linearity of biological fac-

tors such as density-dependant predation and competition

_19_
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would obscure Erends, and allowed to guantify more precisely

predation prgésu:e and its impact. .Since the rejection of
the outliers was done a priori, before thé commﬁnity re-
sponse to the manipulation was tested, no personal bias was -
introduced. The new enriched group was thus limited to 5
enclééures, .ﬁith a mean predation pressure index of 231.4
and a standard deviation of 20.5. The former value -is seven
times greater than that of the controls.

"Mige densities in control - and enriched enclosures were
cqmﬁéred statistically via a two-factor ‘analysis of vari-
ance,“where the two factors were time and -treatment. TQe
disﬁ;ipution of the mite density data at time 0 was not sig-
}qificantly different (Kolmogorov-Smirnov Goodness ° of IFit

e

“test: P>>0.05) from a normal distribution.

Mean‘dénsities of watér mites in the manipulated set were
found to be significantly different from those in the con-
trol group (£wo-factor ANOVA, F= 173.6, n=1, P<0.001). Den-
sities in- the control set were never greater than 20/m?,
while the experimental group increased to 35/m® on day 7,
then decreased to 25/m® on 14 only to qébound to a maximum
of 150/m> on day 28 {fig. 3). After this maximum, mite den-
sities declined to original levels. The initial enrichment

thus resulted approximately in a 7-fold difference between

the two groups throughout the experimental period.
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TABLE 1

Index of water mite predation pressure

Total number of water mites sampled from each enclosure

b

\
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-

Mean water mite densities (+one standard deviation) in

control (squares) and manipulated (circles) enclosures.

Figure 3: Water mite densities
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3.2 ZOOPLANKTON

A total of 16 species of zooplankton. were identified (Ta-
ble 2). 0f these, ‘ten were cladocerans and six were cope-
pods. The herbivores consisted mainly of cladocerans, two
diaptomid speciés“and one small cyclopoid copepod, Tropocy-

L]
clops prasinus var. mexicanus. There were two cladoceran

predators, Leptodora kindtii and Polyphemus pediculus, which

were both rare in all enclosures. Only adults of the preda-

cious calanoid species Epischura lacustris were found, " and

only in low numbers. The most numerous predators were the

cyclopoid species, Mesocyclops edax and Acanthocyclops ver-

nalis, in that order. In light of recent studies {Anderson
1970, Brandl and Fernando 1978, 1975, Jamieson 1580), cope-
podites I-III of both species wére considered as herbivores,

and only the latter stages as carnivores.
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Zooplankton species

List of zooplankton species encountered in this

along with their feeding status.

study,

24



* CLADOCERANS . | HERRIVORES ~ CARNIVORES
BOSMINA L ONGIRQSTRIS, +

CERIODAPHNIA LACUSTRIS
CHYDORUS SPHAERICUS

DaPHNIA GALEATA MENDQTAE
DaPHNIA RETROCURVA
D1APHANOSOMA [ EUCHTENBERGIANIM
Hot oPEDILM GIBRERIM

L EPTODORA KINDTIT ¥

Pol YPHEMUS PERICULUS +
 SIDA CRYSTALLINA - | + |

+ + + + + *

4-

COPEPODS
CALANOIDS

DxapTomus: €2 SPECIES) ‘ + .
EPISCHURA | ACUSTRIS -
"CYCLOROIDS
© ADULTS, COP. IV-V ' +
. _ COPEPODITES I-1II + o
tesocya ops EDAX
ADULTS, COP, IV-V o o+
COPEPODITES I-TI1 +
TROPOCYCIOPS PRASINUS VAR. MEXICANUS +
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All zooplankton data were analysed via a two-factor anal-
ysis of variance, after they had been tested for normality
and found not to be significantly different from a normal
distribution (Kolmogorov- Smirnov goodness of £fit. test,
P>>0+05).
Figures 4 and 5 respectively describe mean densities of
carni;ores and of herbivores through time in both sets.
Carnivore densities in the enricﬁed set were 'not signifi-

cantly different from those in the control. The means in

both sets of enclosures are very close for all "sampling . ,

dates. Maximum densities of approximatly 320/100 litres are
found initially and steadily decrease from then on. When
compared to mite densities, the cruStaéean_ zooplankton
clearly dominate the carnivore compartment of these communi-
ties for the first three weeks, after which mite densities
approximate those of the other carnivores.

Total herbivore densities were significantly lower (F=
11.7, n=1, P<0.01) in the enriched enclosures; wmean densi-
ties were lower on all-dates except on day 21 which corre-
sponds to a peak in the number of ﬁauplii with densities
greater than 3000/100 litres in some enclosures, . whiéh rep-
resents 50 to 75% of the herbivore population (fig. 6).-

As it is known that P. constricta \can only effectively
prey on a limited number of zooplankton-species .(Riessen

1981), the herbivore groﬁp was divided intd two compart-

ments, based on the susceptibility of the individual to pre-
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dation by water mites. The group susceptible to predation
(H1) consisted of four species of cladocerans: Dapnia re-

trocurva, Bosmina longirostris, Ceriodapnia lacustris and

Chvdorus sphaericus. All other herbivores were put into the

second group (H2). The manipulation did not affect the den-
sity of the latter group, but resulted in a significant
(F=29.9, n=1, P<0.001) reduction of group HI. The regponse
of the whole herbivore compartment 1is due entirely to Hl.
Figure 7 shows how densities were lower at all dates in the
enriched set, especially on days 7,14,35 and 42. Differenc-
es beﬁween both sets seemed to decrease on days 21 and '28.
If the effect of the manipulation is. examined indepen-
dantly for each species, one finds that differences between
the control and enriched enclosures are statisticall§ sig-
nificant only for those species belonging to the group H1:
D. retrocurva (F= 4.34, n=1, P<0.05), C. lacustris (F=12.3,

n=1l, P<0.001), B. longirostris (F=26.4, n=1, P<0,001) Ch.

sphaericus (F= 52.9, n=1, P<0.001). Although D. retrocurva
was already on the decllne in controls at the start of the
experiment, reachlng den51t1es near 0 by day 14 (fig. 8}, it

is almost completely eliminated one week after enrichment.

B. longirostris (fig. 9) reaches its maximium mean density
(650/100 L) on day 7 and steadily declines afterwards. The
values in the enriched set are lower on all dates with the
largest difference found on day 7. While C. lacustris (fig.

10) steadily increases in the control set to 1its highest
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.. .mean density (770/100 L) én day 14, its mean density de-

creases. steadily from day 0 in the gnriched enclosures.
_ Figure 11 shows Ch. sphaericus starting at levels near 0 in
the controls and increasing to a maximum mean - density of
2000/100 L on day 35 vﬁﬂ;§e the population stabilizes; the
enriched set follows¥thé same trend, always maintaining low-
er dgnsitiés, but drops suddenly after day 28, where the
difference between both sets becomes substantial.

i
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Mean densities of carnivores (*one S$.D.) in control (squares)

-

and manipulated (circles) enclosures.

Figure 4: Densities of carnivores (other than water mites)
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Mean densities of herbivores (:one S$.D.) in control {squares)

and manipulated (circles) enclosures.

Figure 5: Densities of herbivores
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-

Mean densities of nauplii (zone S§.D.) in control (squares)

.. and manipulated (circles) enclosures.

Figure 6: Densities of nauplii
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Bl ¥4

Mean densities of group Hl (xone S$.D.) in control (sguares)

~and manipulated {(circles).enclosures.

Figure 7: Densities of Hl group’
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Mean densities of Daphnia retrocurva (*one S.D.) in control (sguares)

and manipulated (circles) enclosures.

Figure 8: Densities of Daphnia retrocurva
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Mean densities of Bosmina longirostris (*one S.D.) in control (squares

and manipulated (circles) enclosures.

Figure 9: Densities of Bosmina longirostris
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Mean densities of Ceriodaphnia lacustris (*one S$.D.)} in control ({(squar

"and manipulated (circles) enclosures.

-

Figure 10: Densities of Ceriodaphnia lacustris
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‘Mean densities of Chydorus sphaericus {(*one $.D.) in control (squares)

and manipulated (circles) enclosures.

Figure 1ll: Densities of Chydorus sphaericus
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3.3  PHYTOPLANKTON : .

Ninety species of phytoplankton were recognized 1in the
counts -and include 17 blue-greens, 27 diatomé, 39 greens, 5
chrysophytes and 2 dinoflagellates. Because of their small
size, flagellates were difficult to identify and ‘were thus
counted as either small (<10 um 1in diameter) or large (>10
um) flagellates.

Cell counts were converted to volumes as to provide a.re—
alistic evaluation of biomass (Lund and Talling 1955, Vol-
lenweider 1963). Since the rangé of phytoplankten vo;ﬁmes
spanned up to five orders of magnitude and the coeffié&ent
of variation (= standard deviation/mean} was as high as 95%
in some cases, the data were transformed logarithmically
(zZar 1974). _The statistical procedures consisted of two-way
analyses of variance.

Figure 12 shows the evolution of tdta% phytoplankton vol-
ume through time in both sets. Alhough the enriched enclo-
sures have almost always higher wvolume, they do not differ
significantly from the control. The total volume was subdi-
vided into four taxonomic groups (blue-greens, greens, di-
atoégz others) to find whether the treatment had affected
phytoplankton volume along taxonomic lines. There was no
statistically significant difference betwengFhe control and

enriched set for any of the taxonomic divisions.
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There is ample "evidence (Burns 1968, Porter 1973, Weers.
and Zaret 1975, Nadip-Hurley and Duncan 1976) that zooplank-
tefs selectively graze on the smaller fraction of the phyto-
plankton biomass. Zooplankton grazing is also knoﬁn to af-
fect the size composition (Gliwicz 1975) and taxonomic
composition (McCauley and Briand 1979) of phytoplankton com-
munities. Large phyvtoplankton 1inhibit zooplankton feeding
(Webster and Peters 1978) and this inhibitien can drive zoo-
plankﬁon succession in lakes (Gliwicz 1577). Empirical
analysis of biomass data from thirteen lakes (McCauley and
Ralff 1981) demonstrates the constancy of the ratio of zoo-
plankton biomass to nannoplankton biomass, irrespective of
total phytoplankton biomass. For these reasons it was de-
cided to examine the phytoplankton size structure. Species
smaller than 30 um were classified as edible and the others
as inedible. Although blue-greens have been shown to dé-
;réase sur@ivorship and reproductiv;_output_ in cladocerans
(arnold 1971, Porter and Orcut 1980), there is recent evi-
dence that they are ingested (De Bernardi et al. 1581);°
therefore they were not excluded from the edible group.
No ;ignificant difference was found between the inedible
phytoplankton volume of the control and the enriched sets
(fig. 13). Both show similar means throughout the experi-

ment. On the other hand mean edible phytoplankton volume is

significantly greater (F=10.8, n=1, P<0.002) in the enriched

than in the control enclosures (fig. 14). This difference

@
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is consistent for all dates and maximal on day 7. lThe evo-
iution of volume values over time was similar 1in both sets
with values decreasing to a low on day 21, but increasing
after that date. éxamination of all 90 species revealed
that only four species were significaﬁtly affected by the.

treatment: Cyclotella sp. (P<0.002), Sphaerocvstis Schroe-

teri (P<0.01), Chlorochromonas minuta (P<0.05) and Selenast-

rum sp. (P<0.00%). Figures 15 and 16 show that mean volume
was greater in the expgri&ental group for all Epeéies except
S. Schroeteri which reacted negatively to the treatment.

The total number of phytoplankton species, 1i.e. Speciés
richness, was significantly higher (F= 4.8, n=1, P<0.05) in
the enriched enclosures. Although the pattern' is erratic
over time (fig. 17), species richness is higher in the en-
riched set on four of the six dates after tre;tment. When
total species richness is divided into edible and inedible
species richness (figures 18 and 19) a statisticaily signif-
icant difference (F=4.5, n=1, P<0.05) between the treatment
and the controls 1is founé only for the inedible speéies
richness. The patterns'for both the inedible and edible

species richness are again very erratic.
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Mean log phytoplankton volume (tone S.D.) in control ({sguares)

and manipulated (circles) enclosures.

| | | \..:
Figure 12: Total phytoplankton volume
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Mean log inedible phytoplankton volume (+one S$.D.) in control

(squares) and manipulated (circles) enclosures.

s~

Figure 13: Inedible phytoplankton volume
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Mean log edible phytoplankton volume (*one S.D.) in control {squares)

and manipulated (circles) enclosures.

Figure 14: Edible phytoplankton volume
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Mean log volume (*one $.D.) of Cyclotella sp. (upper) and

Sphaerocystis Schroeteri {(lower) in control (squares) and

manipulated (circles) enclosures.

Figure 15: Biomass of Cyclotella sp. and Sphaerocystis
Schroeteri
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Mean log volume (xone S.D.) of Chlorochromonas minuta (upper) and

1}

Selenastrum sp. {(lower) in control (sguares) and manipulated

(circles) enclosures.

Figure.ls: Biomass of Chlorochromonas minuta and
Selenastrum sp.
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Mean phytoplankton species richness (fone S$.D.) in control (squares)

and manipulated (circles) enclosures.

Figure 17: Total phytoplahkton species richness
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Mean edible phytoplankton species richness (xone $.D.) in

control (squares) and manipulated (circles) enclosures.

Figure 18: Edible phytoplankton species richness
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‘Mean inedible phytoplankton species richness (:one S.D.} in

- control {sguares) and manipulated (circles) enclosures.

Figure 18: Inedible phyfoplaﬁkton species richness
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Chapter v
-DISCUSSION -

4.1 METHODS

h.

Aithough the use of medium scale enclosures in situ for

this study is more realistic” thén laboratory or small scale
microcosms, a number of problems are associated with this
approach. .Steele (1979) reviewed work done with.experimen-
tal ecosystems and ‘found that advantages such #ncreased
duration of experiment and greater sensitivity to stress due
to the larger number of variables, have the drawbacks of
both a lack of control over the processes by the experimen-
ter and decreaéed.understanding of cause and effect. There-
foré, before any conclusions éan 5e‘érawn'from.the results,
the i?égrtance of a nuﬁber of factors linked with“tHis ap-
proach must be weighed. '

In order io extrapolate thé results of thas work to a
real lake situation, the lake plankton system must be repli:
cated to some degree'}é,thé enclosures. Zooplankton season-
al dynamics were studied ;n Heney Lake dyring the experimenf
tal périod by Riessen (1981) and comparison'with éopuiatioh
densities. in the .control eﬁclosurés showed that the densi;

5
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ties were very similar, with enclosure levels identical or:
éliéhtly lower than lake levels. Population densities over
time showed exactly the same trends, except that in the last
two wqeks'df the experiment, diaptomid, cyc}opoid and daph-
nid populations were substéﬁ#iall{ lower in the enclosures.

" Although data on lake phvtoplankton biomass are lacking
to méke a similar comparison, previous work on enclosed wa-
ter columns (Takahashi &t al, 1975, Oviat et al.  1980)
showed that they behaved similarly to the oh;side environ-
ment. Howeﬁer, in one c;se the phytopiankton communities
| did start to diverge from the external community® after 20
days (Takahashi et alrs 1975).  After working with enclo-
sures of 1300 m® in volume, Reeve and!his co-workers (1981)
have suggested that this type- of experiment '‘should not last
more éhan 50 éays - because communities become “unnatural"£
If one takes into account the divergence of - the zooplankton
community in the control enclosures after day 28, four weeks
might be as ;ong as thesg enclosures are representative of
ihe'lake_ community. . ?actors such as lack of advection,
build-up of 'popﬁlatioqs —such as periphyton and hydra- on
the container 'wallland loss 6f hutrients are probably the .
cause of the divergence. |
| Researchers using enclosures in fresh'water {(Neill 1978,
Neill amd Peacock 1980, Kerfoot .and DeMott 1980) have neg-

lected replication of single treatments, which prevents the

statis%}cal estimation of variance. ' Their conclusions weres

-



. 49
drawn from graphical presehtations of the data without re-
gard fof possible iﬁherent‘lv;riations'in community struc-
ture. However, inve%tigation of the .problem of replication
in marine enclosures (Takahashi et al. 1975, Oviatt et al.
1980, Reeve et al. 1981, Woolcott et al. 1581) has led to
the-gené;al conclusion that they are ﬂiéhly replicable. The
zooplankton data in this study seemed to.be well replicated
within treatment groups. The'problem associated "with the
high variability in phytoplankton volume between enclosures
is probably due to an inadequate sampling regime. dv;att
and his co-workers (19@9)“ found that apparent divergences
between replicates within treatments were- caused by the
phasing of plankton blooms and declines. Takahashi and his
co-workers (1975) showed better apparent replication of
plankton communities Qhen phytoplankton wés sampled every
two days. He recommended'that sampling intervals not be
longer than 2 or 3 times the generation'time of the organism

‘

being studied.

4.2  WATER MITE-ZOOPLANKTON INTERACTIONS -
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4.2.1 Predator selectivity

The discrepancy between the original 2- to §-fold enri;h-.
ment and the resulting 7j£old difference in water mite den-
sities between groups caélbe explained by the fact that ma-
-ttr; adult water mites were added to tﬂe enclosures. The
experiment started at the exéct time when water mite femaies
layed their eggs that year (Riessen 1980), which contributed
to a large population increase in the enriched enclospres.
This is evidenced by adult:nymph ratios of 4 before day 14
and 0.25 after day 1l4. '

The emergence of ‘nymphs in the enclosures is due to the
laying of eggs by females at the beginning of the experi-
ment. This is supported by development timeé for P. con-
stricta determined by Riessen (l9é§). Because femgle;waéer
mites deposite their eggs on a subsérate, this could have
occurred at any depth on the wall of the enclosures. Since
temperatures in the lake at that time ranged from 14°C to
23°C, egg development times ranged from 8 days to 22 days
wﬁile éevelopment time from emergence of larvae éo emergence
of nymph ranged from 9 to 28 days. Therefore Fotal:éevelop-
"ment time from egg to emergence of nymphs couléd have taken-

—_—
between:l7 and 50 days, depgnding on the depth of deposition
of the eggs. Hence the maximum density of mites recorded on
day 28'coﬁld be the result of egg laying by females immedi-

ately after treatment. ¢
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The treatment of enclosures with additions of the water

mite B. constricta resulted in significant effects on the

. zooplankton community. The results showed the mite to be

highly selective 1in the capture of 1its prey. This 1is in

agreement with the experimental work of Riessen (1981) who

L]

showed that adult P. constricta had the following prey pref-

erence: Bosmina > -Daphnia, Ceriodaphnia > Chyvdorus >> Dia-

phanosoma, Diaptomus > Mesocvclops. Gliwicz and Biesiadka

(1975) found that Piona limnetica had a very strong prefer-
ence for cladoceran prey. This has also been £foéund td be
true of other species of the genyg Piona (Pieczinski 1976).

The shift in the dominant life stage in the population of

g}constricta corresponds to a change of its impact on the
prey. Figure 7 shows how the difference between mean prey
densities in the ty6’§3§s decreased over time to a low on
day 28 and increaséﬁaﬁaégfﬁlafter that date regardless of
relatively consistent {diffqrences in water mite densitie;
between contrél ana enriched enclosures. This is due to
—diffefenges-in adult'and nymph predation rates, adults hav-
ing rates 5 times greater than that of nymphs (Riessen
1981). . In addition, the predation rate of nymphs is an in-
creasing’ functién of .age and prior feeding experience.
Thus, the smaller aifference in prey-+densities between con-
trol and enriched enclosures on-day 28 is probably due to
the replacement of adults by nymphs emerging from their lar-

~val stage. The resulting low predation rate cannot keep in

check the rapidly growing population of Chydorus sphaericus.
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As well as affecting the densities of the prey, increased
predation can change their relative abundance in the plank-
ton. if water mite predation has .equal effects on 'each prey.
species, the proportions of the latter éhoulg not differ be-
tween the control and enriched enclosures.. This was tested
by comparing observed proportions of each species -—in the
manipulated enclosures— to expected values —in the control-
using chi-square analysis. Table 3 shows that th; manipula-
tion significantly affected the relative abundance of prey.
species on daysA7, 14, 21 and 28. Figure 20 illustrates how

the proportion of Ceriodaphnia lacustris is depressed in the

manipglated enclosure while those.of the other species were
-either unaffected or increased.

.Three hypotheses can be advanced to account for such re-
suolts: the prbpo}tipn of prey eaten is an increasing func-’/
tion of prey dgpsity, prey capﬁp:é rates are a function of
prey type, orﬁﬁéter mite predation differentially affected
the reproduétive rates of 1its prey. Because water mite'
swimmapg speeds arei much greater than those of their prey,
their encounter radius small, their search pattern randomn
(Riessen 1981) and their prey handling timé relatively long,
their functional response curve is probably of Type 2 (Holl-
ing 1965}). Thus, the.curve describing‘the number of prey
killed as a function of brey density for a given number of
predators is characterized by a curvilinear approach to a

plateau. ‘This implies that the proportion of prey killed

will decrease with increasing prey density.
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THe second hypothesis éppears most plausible since
2

predation-rates are a function of prey defense "strategies"”

(Riessen 1881); Ceriodaphnia lacustris is larger than Bosmi-

na and Chvdorus; and thus probably more easily de;ecfed by
the water mite.and easier to grasp. On the other hand, Bos-
mina and Chvdorus, when detecting a predatd;, execute a
"dead-man response” (Kerfoot 1977,1978), which makes them
difficult to detect by the watfer mite. Thus the pattern
seen in figure 20 1is very likely due to the differential
capture of prey by the predator.

The last hypothesis iﬁvolving a direct effect of preda-
tion on prey reproductive rate is highly unlikely, although
indirect mediation of prey competitive interactions may well
affect prey proportions, as rare " opportunistic herbivores

might take advantage of the increased resource base. %

-
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A

TABLE 3

Observed vs. expected proportions of prey

Observed (0} and expected (E) relative abundance of prey assuming
non-selective predation. The chi-square analysis was performed
on the absolute, and not ‘on the relative values.

shown in the table.
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Relative abundance of the various prey in manipulated enclosures
compared to control.

Figure 20: Selectivity of water mite predation
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4.2.2 Cropping Rates

The work of Riessen (1981} showed that P. constricta has

—predation rates averaging 10 to 15 prey/predator/day for

adults and 2 to 3 prey/predator/day for nymphs. These rates -

. are much higher than those exhibited by predatory copepods

encountered at Heney Lake, which range from 0.07 to 1.3

diaptomid@ copepodites/predator/day for Mesocveclops edax o

(Confer 1971) and 2 daphnlds/predator/day for Acanthocyclops_,

vernalis (Brandl and Fernando 1574).

' Predation rates are determined in the laboratory and,
used alone, do not reflect the ability of a predator popula-
tion to remgve prey. However they can.be used to estimate
cropping rates of ?rey in the énclosurés (Table 4). The
croppiné rate C.was calculated using the following relation-

ship:

C=((PxNpred)/Nprey)x100

*
?

where P is the predation rate of watér mites on their pref,
—Npredris the density of:predators and Nprey’ is the density
of- the prej.’ Table 4 shows that'dn a;erage there is-a dif-
ference of one order of magnitude between cropping rates of

P. constricta prey in control ang enriched enclosures. This

.
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difference is due to increased mite densities and decreased
prey densities in the enriched enclosures. - Cropping rates

of the dominant predacious copepod in the enclosures, Meso-

cyclops edzx, -determined using a  predation rate’ P of 1
prey/predator/day (Confe£ 1971; Brandl ' and Fernando 1978),
range from 10 to 30% of prey stéﬁding stock. Thus, in spite
of a much smaller predation rate, the maximum cropping rate
of M. ‘edax is five times 'greafer than the maximum cropping
rate of P. constricta. This is‘easily explained by the
100-fold difference between the densities of the tﬁé?;%eda-
tors. N ' . o

The ﬁaximum cropping rate of 6.4% of the prey population
per day by P. constricta is very close to the value of 7.5%
found for P. limnetica on cladoceran prey in Madden Lake,
Panama (Gliwicz and Biesadka 1975). These rates for water
mites are within the range estimated for various predacious
copepods.  Brandl and Fernando (1979) found thaf in three

lakes in Ontario, Mesocyclops edax cropped between 8.6 and

13.6% of the total zeoplankton standing stock per day while
Confer (1971) calculated that predation by the same speties
removed 1 and 6% of the standing crop of Diaptomus copepo-
dites per day in two lakes in Florida. Using the data of

McQueen (1969) one can estimate that Cyclops bicuspidatus

thomasi was removing nauplii in Marion Lake British Columbiaz

-at a rate of 5 to % of the standing stock per day. Fedor-

enko (1975b) found that the larvae of the phantom midge
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Chaoborus trivittatus ' consumed between 2 and 9% of their

prey standing-crop daily. It thus seems that low densities-
and high predation rates of water mites combine to result in
cropping rates comparable to the more numerous pelagic crus-

tacean predators.

L]
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-"~ TABLE 4

Cropping rates of water mites on thelr prey

Percentage of the prey population consumed by the water mite

population per day.
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4.2.3 Water Mites and Zooplankton Community Structure

-

The impact of the manipulations on =zooplankton biomass
was considerable. The initial two- to threé-fold increase
in water mite density resultéd in a 7-fold. difference in
concentrations between control and enriched enclosures.
This in turn decreased prey densities to values 44% lower on
average than those of the controls. '~ This decrease trans-
iates in an average drop of total herbivore dehqity by 23%.
The consqusnce of such a reduction in herbivore densities
on the phytoplénkton community will be discussed in the fol-
lowing chapter. |

" Although dgenerally ignored in the analysi§ of zooplankton
communities, water mites are found here to be at least as
iméortant as the other invertebrate predators in the pelagic
zone. There is growing evidence that invertebrate predatién
kplays a major role i the regulation ¢of. herbivore biomass 
(Hall et 2l. 1970, De Bgrnardi and Giussani 1975, Fedorenko
1975b, Hillbricht- Ilkowska et al. 1975, Neill and Peacock
1980). Lane (1979) argues thét the major cause of death for
Gull Lake zooplankton is invertebrate predation. Although
fish are more efficient planktivofes, the invertebrate pre-
dators are much more numerous and thus have a greater impact
on'zooplankton,biomass. Such results tend to agree with the

findings of this study and those of Gliwicz and Biesiadka
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(1975) which indicate that watef mites have a'significant
impact on their cladoceran prey.

The importantlreduction of .herbivore biomass by inverfej
brate pfedators can pqtentially lead to competitive interac-
tions between co—océuring predators. In Heney Lake there
are five nﬁmerically impoftant invertebrate predators in the

pelagic zone: Mesocyclops edax, Acanthocyclops vernalis,

Epischura lacustris, Leptodora kindtii and Chaoborus. If

‘they compete. for food with water mites, artificially in-
creased densities of the latter should result in lower re-
cruitment of the other predators. Unfortunately the long
generétion fime characteristic of these é@ecies_doés not al-
low us to detect whe}her fhere was a competitive -effect dur-
ing the experiﬁént. However, examination of the degree of
ovegiap between respective-diets may indicate whether there
is a potential for competition.

Although invertebrate predators, as opposed teo vertebrate
planktivores, . will . usually seleif spall sized prey, they
seem to be highly selective within this spectruﬁ. The se-
lection of prey has been shown to be a function of the sex,
age and density of tﬁe'predator, and of the swimming motion,
the size and'the defense tactics of the prey {(Jamieson 1980,
Williamson and Gilbert 1980, Zaret 1980). Table 5 summa-
rizes all pfey preferences of the five‘ major invertebrate
predators in the pelagic zone of Heney Lake. " Because of

temporal and spatial segregation in the distribution of pre-
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dators and prey (Makarewicz and Likeng 1975), the o;erlap in
the diet will no£ be as high as it seems from Table 5. ."Fe-
dorenko (1975a) found that predator prey distribution in
time and 1in space was the primary factor determ{ﬁing the
composition of the diet of C§aoborus larvae. Thus diet ov-
erlap is not sufficient to infer competition between the
predators present, particularly since all six occurred in
the plankton throughout the most productive period of the
lake (Riessen 1981). Only a careful study of the spatial
and temﬁoral distribution of both density and growth, along
with a knowledge of predation rates and predator selectivity
as a function of prey cémposition could answer this ques-
tion.

It would appear that the species most likely to compete

with water mites are Chaoborus sp. and Leptodora kindtii,

since they are the only ones that can prey on species as

large as D. galeata mendotae, D. retrocurva or Ceriodaphnia

lacustris. In addition, L. kindtii seems to be limited,

like P. constricta, to cladoceran prey. Although it is not
possible to infer competition between water mites and the
other inve;tebrate pisdators from the data, L. kindtii would
probably be the species most affected Iby increased water
mite densities if resources were limiting:’ The tracking of
prey both temporally and spatially‘by P. constricta (Riessen
1981) and the absence of predation-on - the latter suggests

that prey availability will be of major impertance in regu-

.
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~lating its populétion. Therefore, competition with other
invertebrate predat&rs ‘along with factors determiﬁiﬁg the
relative abundance .of herbivorous prey épecies méy haver a
major imgéct ‘on the water mite population in the pelagic

zone of Heney Lake.



, " TABLE 5

Prey choice of the five invertebrate carnivores

’*

e
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4.3 ZOOPLANKTON-PHYTOPLANKTON INTERACTIONS

-
o

The difference -in phytoplankton ' volume between the two

sets of enclosures is due entirely to the edible fraction:
On day 7, mean edible phytoplankton volume in the enriched
set is more. than three times greater than that of the con-
trol. This results most likely from lowér grazing pressure.
At th;t time the herbivore fraction is composed mostly of
néuplii that feed essentially on bacteria and detritus
(Hillbricht*llkowska 1877), and thus have little impact on
the edible phytoplankton. Then, the relative decrease of
edible algae in the control set is most likely due to-the -
relative increase of group Hl. This point is supported by
the relative contribution of nannaplanktén te total phyto-
plankton volume (fig. 21). Only on day ; do I find a sig-
nificant decrease in relative ediblé volume in the control
eficlosures when compared to the treated enclosures (t-test,
P<0.01)}.

All four of the phytoplankton-séécies significantly af-

fected by the treatment belong to the edible group. of

" these, three are more abundant 1in the manipulated enclo-

sures, most probably as a result of reduced grazing pres-

sure. The fourth species, Sphaerocystis Schroeteri, shows a

" trend towards decreasing abundance with low herbivore densi-

ties. This is consistent with the findings of Porter (1973,
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1976Y kﬁhat the abundance of Sphaerocystis Schroeteri is en-

-~

hanced by grazing as this green gelatinous alga can survive
gut passage, where high nutrient levels increase the growth
and productivity of the cells. e ﬁ

The\:esdits indicate that, in Heney Lake, nannoplankton
biomass is controlled in part by grazing. Othef'experimen—
tal (Hurlbert et al. 1972, O'ﬁrien and de Noyelles 1974,
Gliwicz 1975, Lynch and Shapiro 1981) and empirical studies
{(McCauley and Kalff 1981) have shown a similar strong link
between herbivore and nannoplénkton biomass:

Differgnt herbivore\ levels le§S~to differences 1in algal
biomass which iH turn determine the availability of nut-
rients in the water column; the greater the amount.of nut-
rients locked up in biomass the less is available for growth
(Gliwicz 1975). in addition, availability. of nutrients and
their ratios are very important in determining competitive

superiority of one species over another (Titman 1976, Tilman

1977, Kilham and Tilman 1979). Therefore, one would expect

that the differences in volume lead to differences in the
ce of edible phytoplankton species betweep
both sets. However, I find that out of the 23 most abundant
species, only four (see Table 6) significantly differed in
relative'abuﬁdance between both’ sé&s (two-ﬁay analysis of
variance). Three of these were edible while the fourth was
inediglem Except for the small flagellates each of - the
species affected was relatively more abundant in the en-

riched enclosures.
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These results might indiéate that the smaller species
benefited from the treatment. However, one cannot separate
the effect of changing nutrienﬁ ‘conditions frém that of re--
duced grazing pressure.l That the speéies which responded
are edible-or, in the case-of ﬁinobrzon,'close to the edible
size criterion and that their relative abundance increased
" with reéuced grazing ih/most cases, tend to indicate that
edible phytoplankton sgécies are not all egually susceptible
to grazing.+ This i§ confirmed by the greater relative abun-
" dance of the small flagellates in the control enclosures;
they are ‘possibly not effectivély grazed because of their
small size and could be favored in an_environment character-

ized by greater herbivore densities.

\
Along with the changes in relative abyndance, one might

predict that the increase in volume| will be paralleled by a |
higher species richness of the edible group, simply through
bioméss increase of the rare species. I find however thét
:the number of species present increaSga only in the inedible
group (see figure 19). =~ Analysing the frequency of occur-
rence of phytoplankton species in each set ‘reveals what is
‘responsible for such an increase (see Table 7). On days 7
and 21, the’average species richness was higber in the en-
riched enclosures due ta certain species found more fre-
quently.. The difference in_séecies richness between‘bothh
sets is not due tﬁ}new, arrivals but to differenées in the

frequency of occurence. However on days 35 and 42, not only

’
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do I find that certain species are found more freguently in
tﬁe enriched set but -that the latter has many more "endemic”
species than does the control group. Of the thirteen spec-
ies responsible for the observed higher species richness ob-
served in the treated enclosures, only 4 ever contribute
more than 10% to inedible ph&toplankton_volume. Therefore
the inedible phytoplankton response 6 the manipulation con-
sisted only'bf an increase in the frequency of occurrence of
species generally contributing very littlé to net pﬁyto-
'planktonévolume. Such-results cannot be é direct conse-
quence of reduced herb?vore pressﬁze, The only alternative
explanation  is a possible responsé' of. larger species to

~

changes in nutrient conditions inthe-enclosures.



69

Contribution of edible phytoplankton to total phytoplankton

’ . . - - . - .
volume in control {(squares) and manipulated (circles) enclosures.

Figure 21: Proportion of edible over total algal volume

-
-
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TABLE 6

Dominance structure of phytoplankton community
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TABLE 7

Frequency of occurrenge of inedible phytoplankton species
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4.4 COMMUNITY RESPONSE TO THE MANIPULATION ° -/

Because of the complexity and dynamic character of plank-
tonic systems, the effects of the manipulation on the prima-
ry producers can only be interpreted if one distinguishes
different periods of the exﬁerimentr

The results observed and discussed in the préceeding sec-
tions clearly ‘indicate that the sequence of events in the
enclosures can be divided into three distinct p;riods. Tﬂé
variables most influencing community interactions and the
resultlng\\?pact of the water mites on these variables are
very different from one period to the next. . The charadter-
istics of these three phases are summarized in Tables 8 to
Lo, o

-

4.4.1 Sampling Days 7 and 14

During the first two weeks, the control enclosures are
characterized by relatively high nannoplankton volume and
high densities of large and efficient cladocegan grazers.
This state of the plankton community is comparable to that
of oligotrophic. lakes described by Nilssen (1878) and to the
early summer successional stage of the plankton as described

by Gliwicz and Hillbricht-Ilkowska (1972). The smaller edi-
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ble algae hNgve the ability to -monopolize nutrients much
faster than.t e large algae because of higher surface:volume
ratios, thus allowing greaéer growth and turnover rates of
their populations;’ Téis allows larger, more efficient, her-
bivores tb dominate their trophic level in the community
(Gliwicz 1977).

The maintenance of high nannoplankton volumé-through re-
duction of herbivore densities 1in the enriched enclosures.
‘has two conseqguences for species richness. First, lower
grazihg'pfessure allows the rare species of nannoplankton to
become detectable (see figure 18). Second, more nutrients
are locked ‘ﬁp in biomass and 'so less are available in the
water colunn. Because zooplankton supply 10 times more
phosphorus and 3 times more nitrogen ﬁo the epilimnion dur-
~ing thermal stratification than all external sources com-
bined {Lehman 1980), lower herbivore densities will mean
less nutrient regeneration in Itﬁe water column. Such a
change in nutrient availability may lead easily to a shift
in the competitive ability of the_spgcies present and allow
some rare  large species to grow as wéé observed on day 7
(£ig. 19). While grazing determines phytoplankton biomasé,
it is nutrient availability and ratios that determine in the
.end which phytoplankton species will be present, aslsuggest-

ed by Lynch :and Shapiro (1981).
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4.4.2  Sampling Days 21 and 28

This period is characterized by rapid changes in a number
of variables in the community. Nilssen (1978) has proposed
Ekat the ability of small algae to lock 'u§ nutrients in
biomass during raﬁid ‘population growth reduces available
nutrients to vér§ low levels and conseguentely leads to the
the populationm crash of nannoplankters. He argued that this
in turn would favor large and slow-growing élgae. TﬁiS'nut-
rient loss from the system is compounded by the "enclosure
effect™ described by Briand and McCauley (1978) who showed
that sealing the enclosures at thgyﬁottom prevents nutrient
input from the sediments and from the surrounding waters.
This seems to explain the trehd' observed in the control en-
closures. During the second pe}iod éhe relative volume of
nannoplankton drops from.approximateiy 45% ‘to less than 10%
of the total voluﬁe. Not only do the large algae become
dominant in relative terms, . but their ngume increases
5-fold between day 14 and day 28. During that time the .
large filamentous green alga Mougeotia becomes the dominant
speciés,of the whole phytoplankton assemblage. }lthough
this.species is not truly pelagic but rather periphytic, its
appearance and subsequent impact is consistent'with the hy-

pothesis formulated above and in the rest of the .discussion.
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The increase in net phytopiankton in the enclosures is
paralleled by a éecrease in the large\grazers and_by a rapid
incrgase ‘in the abundanée of the small grazer Chxdofus
sphaericus. This is in agreement with the work of Gliwicz
(1977) who showed that increased abundance of large algae
interfered with the filter feeding apparatus of cladocerans.
This results in reduced filtering rates, feeding rates and

fecundity of the large herbivores. Under such circumstances

smala,herbivores such as Chydorus sphaericus are the superi-
or competitors. '

.Higher densities of water mites during this phase had a
very limited effect on herbivore density and no significant
effect on phytoplankton volume and species richness. Be-
cause of the rapid increase iQ the poéulation of Chydorus
sphaericus, the predétor is swamped. Thus the difference in
ﬁerbivore densities between both sets is relatively small.
Although nannopiankton voldme is consistently greater in the
manipulated enclosures, .this difference 1is very small.
Overall, it seems that the changes in fhe phytoplanktoﬁ com-
munity structure brought on by changes in the nutrient re-

gime of the enclosures are overwhelming and consequently ov-

erride and mask the impact of the predator additions.

-
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4.4.3 Sampling Days 35 and 42

During this last sampling period the community structure
appears relétively stable, compared to the previous period.
The phytoplankton is characterized by high volume values and
a very large fraction of net phytoplankton. The latter is
dominated by the large filamentous green Mougeotia. Because
of the higﬁ algal volume, one can assume that nutrient
availability is low. This environment favours the mainte-
nanceé of a large population of tﬁgighallx grazer Chydorus
sphaericus.

The effect of increased predation on tﬁis system 1is to
: éignificantiy reduce herbivore levels. Indeed, the dominant

-

grazer in the enclosures, Chydorus sphaericus, 1is subjected.

to heavy predation by the water mite nymphs; this contrasts
with the previous period where the growth of the population
was much greater than the cropping rate. '

Ch. sphaericus is too small a herbivore ,to effectively
graze the edible phytoplankton. It fgedg gost efficiently
on particles smallefsthan-lo um (Gliwicz 1980[ and ugually
on bacteria and detritus (Hillbricht-Ilkowska 1377). For
this reason, the phytoplankton structure in this last period

is most favorable for Ch. sphaericus. The large fraction of

ungrazable algae contributes largely to an increasing amount

of particulate organic matter and dissclved organic matter
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which favour thé growth of bacteria (Gliﬁiqi and Hillbri;ht-
Ilkowska 1972). One can predict that reduced Ch. sghaer{cus
densities will not lead to changes in nénnoplankton volume.
This is exactly whaE/is observed (fig. 14), as the differ-
ences between the two sets are at their minimum,

Because herbivoreg are less abundant inl'the manipulated
enclosures we expect lower nutrient regeneration to the wa-
ter column and thus lower nutriemt availabilit§ (Lehman
1980). This shift in nutrient regime allows a change in the
competitive ability of the phytoplankton species and allows
an incregse in species richness, as rare 1inedible species
become more freguent in the enriched set of enclosurQ§ (see

' 14
figure 19)
3
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TAB

Community response to the man
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LE 8

ipulation: sampling days 7 and
14



ZOPLANKTON ~

ad

PHYTOPLANKTON

CONTROL SET

_ HIGH DENSITY OF LARGE EFFICIENT
GRAZERS

_ RELATIVELY HIGH PERCENTAGE:
OF EDIBLE PHYTOPLANKTON BIOMASS

EFFECT OF ENRICHVENT

__ LOWER DENSITY OF LARGE EFFICIENT
~ GRAZERS, _

_ HIGHER PERCENTAGE OF EDIBLE BIOMASS
_ HIGHER ABSOLUTE EDIBLE BIOMA

__ HIGHER EDIBLE SPECIES RICHNESS (TREND)

_ HIGHER INEDIBLE SPECIES RICHNESS (SIGNIFICANT)



TABLE S

E’:ommunity response/to the manipulation: sampling days 21 and
28 : '
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TABLE 10

Community response to the maﬁipuiﬁation: sampling days 35 and

Y 42 i



., CONTROL SET | EFFECT OF ENRICHYENT

_ HIGH DENSITY OF SMALL GRAZERS _ LOWER DENSITY OF SMALL GRAZERS
. ZOOPLANTON | . . .
v ./_
_ HIGH PERCENTAGE OF INEDIBLE ALGAE _ NO CHANGES IN BIOMASS
_ DOMINANCE OF THE LARGE FILAENTOUS ~ * _ NO CHANGES IN RELATIVE ABUNDANCE

PHYTOPLANKTON ALGA POUGEOTIA . _HIGHER SPECIES RICHNESS OF INEDIBLE ALGAL
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During the whole é#perimen; the impact of increased water
mite densities on the community was only noticeable during
certain periods: -the first two sampliné dates and the last’
two. During both phases, the community was relatively. sta-
ble with respect to species composition, relative abundance
and size structure of the components of the food web. In
the first two weeks the plankton community can be generally
described as a "grazing" food web (Hillbricht-Ilkowska' 1977)
where a large fraction of the phytoplankton biomass is edi-
ble and effectively grazed and controlled by Therbivores.
During this period the increased water mite densities have a
marked impact on herbivore densities and phytoplankton biom-
ass. In the-final two weeks of the experiment the plankton
community can be described as ‘a "detrital” food web where
almost all of the phytoplankton biomass is unavailable to
.grazers which £feed mainly on bacteria and detritus. The
community utilizes the energy available less‘efficiently and
in consequence the impact of water mites limits itself only
to controlling the herbivore compartment.

During these two different but relatively stable states
of the plankton community the water mites play a-significant
role in the direct regulation of herbivore densities and in-

direct control of phytoplankton biomass when the latter is
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efficiently utilized by the grazers. During the transition
period however, when the community undergoes radical changes
due to major shifts in nutrient availability, the impact of
the water mites is insignificant. .The effects of water mite’
predation are simply overvhelmed by those of shifting nut-
rient availability. Changes in absolute and relative nut-
rient levels bring abouﬁ a radical change in the size struc-
ture of the phytoplankton biomass and, in conseguence, a
shift in the herbivore species composition. In the face of
such large-scale changes, the impact of water mites was neg;

ligible.

4.5.1 Water mites vs. other invertebrate carnivores

The insignificance of water mite predation when large
scale changes occur in the éommunity is not atypical of in-

vertebrate predators. Thosé, like Piona constricta, have

been termed size-dependant predators (SDP) by Zaret (1980)
and‘are characterized by a bell shape@ prey size electivity
- curve (fig., 22a). The left hand side of the curve indicates
'd preference for larger prey but the right hand side shows
the increasing difficulty of handling préy with increasing
prey size. This implies that the occurence of each species -
-of igyertebrate carnivore will. be limited to those times

when its optimum prey is present in large enough numbers;
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this indeed has already been suggested for P. constricta

{Riessen 1981}. For his paré Neill (1981) shbwed.that in-
creaséd densities of ﬁhe invertebrate Chaocborus in enclo-
sures had no long-term effects on the zgoplankton communi;y~
and that the changes were obliterated when févourable condi-
tions allowed for the rapid growgh qu-prey populations.
Therefore, as with the water mipgsiin this study, inverte-
brate predators will probably not ﬁaye more ihan a duantifé-
tive.impact oHﬁfheir prey populations. They reguIate\their
pfey densities without actually altering the structure of’
the community. -

i

4.5.2 Water mites vs. vertebrate planktivores

This is in contrast to the effects of gape'limited preda-
tors (GLP) 1iké fish or salamanders which are characterized
by the prey size electivity curve in figure 22b. This curve
indicates a pfeference‘for lérge prey, with the maximum prey
size being determined by the gape or maximum diameté; of the
mouth of thé predator. The role of £ish in detérmining the

size structure of zooplankton has been extensively recorded

(Brooks and Dodson 1965, Galbraith 1967, Hall et al. 1970,

Hrbacek 1962). These studies showed conclusively that

planktivorous fish maintained zooplankton populations of

small-sized individuals. Their introduction in fishless
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lakes orl\ponds led to the elimination of large-sized zoo-
plankton species and their replacement by small species;
however the total zooplankton biomass did not change.

The strong structuring effects of nutrients and verte-
brate planktivores on the peglagic plankton community do not

relegate\P£3na constricta té a minor role. The water mite

e

plajs an‘important regulatory part in determining herbivore’
densities andlthus tﬁe flow of energy from the primary pro-
ducers. Hillbricht-Ilkowska (1977) found that invertebrate
predators freq;ently_qonsumed close to 100% of the herbivore~
production, with 20% of the latter transformed into predator
biomass, while "...fish communities less efficiently utilize
the production of zooplankton in natural conditions..." al-

though "...fishes constitute a strong structure forming facy

tor, tlHrough selective feeding on zooplankton...".

4.5.3 Importance of trophic position

Among -the invertebrate carnivores of Heney Lake, the uni-

que position of Piona constricta in the food-web, as a top

LS

predator, does not give it a more important role in the or-
ganisation'of the com&unity. This study has shown that it
differs very little from the other invertebrate carnivores
in its 1inability to structure the community. This 1is in

contrast with the impact that planktivorous fish have on the
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system, whether they are top predators or not. The struc-
turing role played Sy fish is probably related to the strong
size-selective pfessure which they put on the competitively
dominant zooplankton species; this, iﬁ tﬁrn, favours the
presence of smaller species and their associated inverte-
brate predators which are highly dependant on the availabil-
ity of specific prey. Recently Paine (1980) suggested that,
in intertidal communities, st%ong interactions between a
predator'and competitively superior prey can generate sub-
systems composed of_species co-adapted to one another. This

appears also true for pond communities structured by sala-

'mgnders (Dodson 1970, Giguere 1979) and might explain the

finding that in 16 swedish lakes, the water mite Piona car-
nea is never found in the absence of fish (Eriksson et al.
1980). | SO

Whereas the precise determination of interaction strength
in food-webs will be ultimétely necessary to understanding
how communities are structﬁred, topology is essential in de-
termining the path of energy flow through the system. In
fresh-water pelaéic communties, carnivorous 1invertebrates
effectively reduce by 20 to 25% the zooplankton‘production
availablé to planktivorous £fish and fish larvae because of
the 1losses involved in the transfer of energy from one
trophic level tp the next (Sprules 1980). 1In Heney Lake, P.
constricta not only consumes part of the zooplénkton produc-
tion, but its own resultant production is made unavailable

'4
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to higher troéﬁic levels. This may have important implica-

tions for fisheries management in lakes.

>



A: size electivity curve of size dependant predators

B: size electivity curve of gape-limited predators

from Zaret (1980) )

Figure 22: Size electivity
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