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ABSTRACT _ + - ¢ i B

. A
Thé effects of macrograzmg and mncromzmg on enclosed in'gity
(E

p! , lank bl s were mined in a Newfc dland ly(g Chambers, ’
wnth inner and outer compa.rtments, ‘were deployed in Hogm s Ppnd d\mng three“
experimepts each lasting 13 days Samples were collected every other duy fmm
botk chismber compartments m.\d the lake wnter In two m(penmen'.s the

L macrograzer Dmplomu: minutus (Copepoda) was initially 'n)ddgd to the outer

. compartment of the grazed chambar, nnd in a third experiment Bosmina -
"« longispina (Cladocera) added Macrog'razer thetabolites were able to pass
: through ﬁné gauze between the two compartmepts " Thus the chem:csl ‘effects of s
. th{e macrograzers ‘were observed in the mner computmeut wln!e the” phymcal

. { L)
eﬂ'ects were the domi: in the outer

el‘{ects were inve:tigated:anmbers without added macrograzers in all three

experiments.

Micraglja_wingfffecurthe physical effects of sor r and-the-chemical ——

effects of bolites on phy bl were 1 d.

Gran/eﬂ'ects were exs;nmed in each experiment by a priori compamons of -

phytoplankton densities between the chamber compnrtments and the lake water.

Densities of some of the desmid, sg:cles were depreswhe physlcn.l eﬂ'ev:ts

1 uxa uch as Ar irumgulnha var.

of Some'ir

tundat 2 g and Me niuy sp, were : lmder the chemlcal effects of

N 3 _the macrograzer métabolites. Physlenl effects of mncrog'nzers were morefmn.rked

than the microg e eﬂects on the Chloroph and the mig 11

Micrograzers may affect the species composition and abundance of the




taxa within phy

With the exceptions:of Syned; and :nm%m'u fenestrata var. lacustris

the diatoms were unaffected by the grazers. The Chryswphycéac wefe litgjg
affected by micrograzing and physical offects of macrograzers, in contrast to e
" chemicl effects of macrograzer meubolnes that were e¥ident for mdwndual ’
species. Severa] of the Cynnophyceae wefe augmented in the presence of *
micrograzers; some individual species, e.g., Microcystis aeruginosa, were

angmented by both shysical snd chiomsbal effscts of maerograters.

d -
Koy word: Macrofmsrs, mitogrsrs, i g
X _‘_N_ewl‘oundland, lake. T ¥ R % 5 . . 3
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INTRODUGTION

is influenced by grazing, a broad térm describing the activity.sf animals feeding on

living plants. The rest of the aquatic animal community depends to a large extent

on the algivorous zooplankton (Round 1984).

Al[;-ivo'rous zooplankton may be cl;assiried into two groups based on size:
mt‘;crogrnzers (larger than 125 ym, usually large enough to be seen with the naked
veye), such as post-juvenile copepods and cladocerans,_m:e typically larger than the
largest phxtoplaﬁkter ‘they encounter. Mic}ograzers (125.4m and smaller), such as

rotifers and protéz‘oans_, are often similar in size to the larger phytoplamkton.

Aims.of the In,vesﬂg'nti‘on’
g .
‘The main aim of this investigation was to examine responses of individual
phytoplankton species within natural assemblages to different grazing regimes.

~ y
“—FPhestudy eval d mi ing effects ly from both the physical effects

= 3
of macrograzers and the chemical effects of their metabolites on phytoplankton

d d on phytoplankton bl enclosed in

asse*blage& The study was
’ gnzj\ng chambers (éach with two Eompartments), in situ,-in a Newfoundland lake

during the summer of 1985. There is a limited literature on the biology of the .

<

=

*fresh waters of Newfoundland and much of the work previous to that of Davis

(1972a) consists only of species lists.. Earle et al. (l§875’felated environmental
v

fagtors to phytoplankton distribution in a large number of Newfoundland lakes.

The current study is the first to examine the effects of zooplankton grazers on

foundl

enclosed, phytoplar species in a Ne d lake, although similar studies

have been donducted elsewhere.

Phytoplank ‘ d Qﬂd its-ecologi 1 impact m aquatic environments ¢

>




Macrograzing

7 Rigler(1975) distil;gnished two <ii§linct schools of Iix{inq’logicnl thought; the 1
Holists, who de;l with properties of the intut xy:lum. and the Rec{;etioni'm. who '
study isoldted _com_ponenu of the system. This study involves some careful

mnipnln’tion .of nlgi;oroiu gruers‘ and provides a situation where the ideas of _t:oih

schools of limnology may be drawn together. The responses of hdiﬁdnﬂ

phy kéon taxa within phy blages under th influence of - _

and micrograzing effects were ined. Enclosed phy
assemblages were exposed to grazing regimes in a holistic manner, while the

responses of 'mdivid’nul taxa to the various grnixig effects were examined in a ,,‘/

reductionistic manner. . - PR

. i '
pa

_Grazing studies have tended to concentrate on the effects e’f food on the -

biology of ‘muroguers. Such studies have typically examined the effects of ~ -

different foods and food densities on filtering (Burns and R;gler 1967, Thompson et
al. 1082, mchx::‘}’h and Dodson 1083) and feeding rates (McMabon and Rigler
10&5, Kersting va.mi van der Leeuw 1976, DeMott '1982, Price and Paffenhdfer
1086), respiration (Porter et al. }m, Richman and Dodson 1983), fecundity =
(Slobodkin 1954, Frank 1957, Hebert '1978, C'u.rnlho and Hughu/lasa) and _feeding'
behaviour (B;rmm and Richman 1974, Gophen et al. 10747H8¥5n et al. 1079) of ’

various rhacrograzer species,

Rge has also been a focus on selective feeding. Food selection is the ability '

of animals either to ingest preferentially or to avoid some kinds of*foods, and may .

" depend on the animals’ ability to detect food and on functional specisﬁzaﬁon of

feeding amndagu (Bloem and Vijverberg 1984, Omori and Ikeda 11084). &

el 3 B .




" Nutritional requirements may be an"indirect cause of food selection (Taub and

Dollar. 1068, Horton et al. 1979), but they are unhkely to facxhtnte food selection.”

4 Both size (Burus 1968, La.rngen 1974) and abundance of available food (Berman

and Rlchman 1974) are important factors in food selection.

Much of the evidenge for selective grazing has e from studies involving

analyses of zooplankton gut corﬁeuis. These stud'ies/ allow, direct comparis;)n of
phytoplankton consumed with those available in the water. However, such studies
tend to underestimate easxly digested forms such as flagellates, and ovemnmat.e

' algal-cells that escape dlgestlon, including the silica frustules of many dlatoms

(Bagillarid ) and ilaginous members of the Chlorophyceae such as

- Sphaerocystis schroeteri (Porter-1g76). This has been recognige'd by a few authérs
(e.9., Ferguson Tl al, 1982) who did not regard the presence of recognisabl’e algal
remains, in the animals’ guts as neécessarily 1mplymg that the algal taxa represented

a major nutritional source for the animals. #

' The influence of grazing zo"oplankton on phytoplankton assemblages has TN

received less attention than the effects of different Toods on zooplankton biology.

Gauld (1950) reported that the lack of response from the phytoplankton to the
distribution of fertilizers in a sea-loch was, at least on some occasions, due to the

effects of zooplankton grazing. Roind (1984) stated that ®grazing undoubtedly
- h

the specific composition of algal blages though ‘there are few data
- on this ‘aspect' of algal‘ecology.
‘. ‘Grazing does not always have a negative influence on individual species. .
Bergquist et al. (1985) assessed ‘the responses of phytoplankton to two different

body-sized z;:oplankton communities. They found that large phytoplankters (>




1.00 pm), e.g. , Aphanocapsa spp. and Dl‘nabrvg!l spp., increased in density when
sipodd t5 laFye grasass; doisiaoted by Daphnia pulez sad Diaptomus -
oregonensis, c/. macrograzers of this study. Small algae (< 25 um), ok :
chlorococcales, increased in density in responsho grazing by small grazers wl;ich

included small copepods, Bosmina longirostris, and rotifers.
—_ . B

Micrograzing

Freshwater mi are predomil I and rotifers, and-

seasonally include some juvenile macrograzers. These are known to feed on

phytoplankton, bacteria, particulate organic matter and detritus (Garnett 1953).
& x

Evidence of micrograzer jon of phyt on is beginning to

* as micrograzers are i i as itors with ‘macrograzers for

h . oo
" resources. Population growth of rotifers, has been reported to be suppressed by

the presence of macrograzers (e.g. s cladocerans: Neill 1084, Gilbert and N

Stemberger 1985).

. : Suttle et al. (1986).isolated colourless microﬂage}’hiies (6-14 lym in diameter)
from lake water. These microflagellates frequently ingested entire diatom cells
(Synedra sp.) up to six times. their own dismeter, digested the contents and then 3
egestéd the empty frustule. .Observations were Amade of similar ﬂa;ellates free- i
swimming and attached to diatoms in the Great Lakes, suggesting that the & f’ )

laboratory observations were not nrtifa&:ts. Grazing of this type may be

widespread and its effects may ntly to the species

| &

*of natural phytoplmktén assemblages.




Grazing effects

Most primary producers are i;znnenced by grazing, and natural pgpqlgtipns

may be regarded as the residue of grazing (Ferguson-Wood 1967). ‘The effecty of

5 grazing on primary may be considered in three ies: physical,

; chemical, and biological. : . .
Physical effects result from consumption of part(s) of primary producers (e/qu
cells of an algal colony such as Uraglemz vahzoz, leaves of a tree) or of whole  ~~
organisms (e.g. , unicellular algae 8“511 as Chlorella vulgaris and non-cdlemal
diatoms), and structural damage [g,y. , breaking of phytoplankton spines,
trampﬁng of higher plant}] Ebysi%nl effects tend Méxult from direct actions,
with the excephon of demtal product:on Detritus i in the water column absorbs
slgmﬁcmt amountg ol‘ hght nd thus reducés light available for photosynthesis and
phytoplahkton i;mwth (Jewson and ‘Taylor 1978). ‘The bodies of algivorous

. zo‘oplmﬂ(tcn may absorb light and may similar?ly influence photosynthesis when
presenj in sufficient m;n\lbers, e.g., Daphnia spp. in enriched ghallow ponda,

7 ¢ /Jnder usual itions in aquatic envi en iR are probably not

abundant enbugh ‘to reduce-the-amount of light available l'or photcsynthesxs

significantly. ¢ .

Chemical effects typically result from indirect interactions between primary
producers and grazers, .;nd include nutrient enrichment via éxcretory and
respiratory products (e.g. ; an increase in' the amount of ‘cn._rbon dioxide in the
environment may lead to an increase in photosyx;ihesisland plant growth). Growth
inhibition of the primary producers may also accur via metabolic products from.

the grazers, Evidence of these effects tends to be secondary to evidence of physical
‘

-




effects, but can occasionally be more drastic (e.g. , toxins released by members of
the Cyanophyceae), and such effects are often mediated- allelopathically as are

biological effects.. . \
I . ’
Riological effects usually occur as a conseTence af chemical and physical
effects. They Tesult from food selection or avoidnncé, and competition aprong

primary producers for avmlnble resources (e.g. , space nnd nutnents) Life history

and modé of ductic il to the ‘ways in ‘which species

tespond to grazing and the r&ulting inter- and intrﬁ-sbecific competition.

Allelopathy and grazlng deterrents

The word ﬂlelopathywas onxmnlly proposed by Molisch (1937) to descnbe

the influence of one plant on the physiology of cthers, and was derived from two

o greek words meaning reclprocnl harm. More recently, a!lelopathy has.been used to

descnbe hoth mhrbltbry and imul 'y, recip 1, biochemi rthons belween

all types of plants (Rice 1984), and betwsen phytoplankton and algivorous
¢ 3 .
lankton, in particular inhibitory reacﬁons,\(e.g. , Ryther 1954, Ostrofsky et al.

1933]. rﬁ“ i! hy depends on bi “ ical 0 i being added to the -

environment and may influence gquatic grazing int;eractin,ns.

Rice (1984) reviewed allelopathy among phytoplankton and explored its role

in phytoplankton succession. i-le stated that there is strong evidence for the -

of phy! inhibitors by. other phy under culture o
condmons Ryther (1954) reported that the frltenng rate of Dup*hnm magna was
inhibited by substances produced by Chlorella vulgarw Scmcdzamua qlhdncauda

and Navicula pelliculosa. The inhibitory product of C. vulgaris seemed to be\ o




identical to the antibiotic chlorellin‘described by Pratt et al. (1945).

(" Ostrofsky et al. (1983) reported that Daphnia pulez showed low fitness, in

terms of ivorship and in algal-free filtrates of log phase

Anabaena flos-dqua than in control cultures. The authors suggedted that such

extracellular metabolites of phytoplankton serve an ecological function by Z
deterring'grazers from consuming them. & -

- N -
Q the p of such under natural as omﬁed to

laboratory conditions would be very difficult as the water contains materials , :

producéd by other plants and animals in addition to an; biochemicals produced

by.the phyﬁoplnnkton However, from results of labaﬁt:ry studies Rlce (1984)
Al

and ion of specles

at in numbers of phy
with time gcontrolled, at least in part, by allelopathic interactions*.
R j V. -

Ecological implications of grazing

5
Although laboratory investigations have provided much information on

aquatic grazing interactions, caution must be exercised when transferring

laboratory data to the ecosystem (Allen 1977).

- Jewson et al. (1981) found grazing to be one m‘ the-factors influencing the
growth and decline of diatoms in Lough Neagh, Northern Irgland These authors

also reported tlmt ‘grazing by .zooplnnkton and the sinking of dead phytoplankton

cém’were responsible for the mﬂjor losses of ?ywplankton from the euphotie

g
zone. - L

4

Algivorous zooplankton may enhance primary production by regenerating- -

nutrients such as _phosphomé (in phosphates) and nitrogen (as ammonia) (Leh—man
K ) . o 2 e ..

Yo -




8

19803, b). Thesn are examplex of chemxcal eﬂ‘ects of gnuers B'accennl 7
degradation of mcompletely d)guted remains of eg&lted algal cells snpphu

¢ nutrients to *dissolved poo]s' from which they are rapidly sequutered by the

willncrease the movement of rgaalc matter betwsen trophid Jeyels (Lehman
N

| 19800). Growth of grated sligtoplaston specied and Wieir- Soupabitors iy be:

h 4 d

by

Nutrient ion is ex ly important
when phytoplankton grou}th is nutrient limitedv. Recycling: el’ficiency'wi]l b«; less
than complete. Nutrients taken up’ by ungrazed phytoplankton species are less
likely to bé recjeled in aitu than those taken.up by grazed ph‘ymph;n!(ton.. This
accumulation 6( nutrienzs in ungrazed‘ ;pecie: within the p.hytoplnnkton :

\ sssemblage mny contribute towards the dommance of the larger phytop]ankton

species, such as Pendtmum sp..and Ceratmm sp., over smaller ones (Reynolds )

 1984). g

. = i




- MATERIALS AND METHODS
Study site

. The st\ndy was conducted in Hogan's Pond (47°35'Np52° 51‘W), a lake with

an’ area pf 60.1 hectares (Davu 1072b] on the Avalon Penmsuln of Newfoundland.

This lake is 140 m above sea-level, has a maximum depth ol‘ 12 mand an average

depth of 5 m, and has no permanent inlets, with most of the water supphed via

springs (Davis 1972b). 91

Hog’m‘s Pond is a rock-basin of glncial origin aind is surrounded by wooded

areas, patches of marsh and pnvnte reudences The lmoral areas are rocky, W|th
very few aquauc vascular plants even in the shallow parts The rocky bottom is |

e covered by mud wh}éh is | mhablted by aprollﬂc benthic dlatom pnpulahun The

Lake polymictic. due to the locally stmngjﬂmds and the moderate depth of g‘l'le e i
la.k;e (Davi.s 1976), except dl}ring the winter months of ice cover when inverse
thermalstratification may eccur. (See Yoxall 1981 ror‘mnher.h?drog—raphical‘

details).

Hogan's Pond was chosen for this study for several reasons: the
- o .

phytoplankters were aivelse and occurred in assuciatinn with algivorous

plankton specm (Dms 1972a, 1972b, and -1076; Woadhead and Tweed 1960);
such an ussemblage was suitable for an mv&tlgamun of the effects of z0oplankton ' ¥ ’, .
grazing on»phytopl‘ankton. The lake is readily accessible (12.5 ki by rond) from

St.John's; but is not >exposed to urban eutrophication; although-Hogan's Pogd is

not eutrophic, it-is enriched relative to other‘Newfoundland and boreal lakes
’ 5

(Davis 1972a). . .




In situ chambers ’

Bibeiinsant

p were conducted using i hambers (Figure 1)

ﬁltered lake walur - Chamber size was limited by the' wenght of waier (about 14 )
kg) which gould be hfted out of and @wured into the lake from aboat or canoe _
and to the standard sizes of plexiglass cylmders avallable for construchon

* Plexiglass cylinders (38.7 ¢cm long, 19.6 ¢m inner dlameterj were used as extermd
walls. Chamber tops and bases werJ cut from plexxglass sheets (1 25 ):m\thnck)
with centering grooveﬂ to hold the internal plexiglass cylinders (13 cm mner " [
diameter), wlnch dmded the chamhers into inner md outer compmments

' Sa.mplmg ports (1.2 em in dlameter} with screw. caps in tha tops of the chambers,

. nllowed samplmg of pach compaltment (I"lgure l) . L : i

Two openings (6.5 cm x 30 cm] were cut in_ each inner cylinder' and covexieq
wi}h 5 pm n‘yl‘on monolilaiixent holti;:g cloth or gauze glued at the edges (Fig\lre 1)
with Lepage™ thina-weld cement. These gauze-covered openings nllowed small'
partwles (less than 5 pm), including metsbohtes, nutrients-and dxssolved gases, to
exchange between the two compzrfments, this facilitated examination of some of
the chemical egcts of macrograzing. Such exchange of mat;.rial is depénéenﬁ

upon diffusion and lake water t. Under controlled laboratory conditi

i-which diffusion was virtually the only movement, six drops' of food colouring .
were added without stirring to the inner compartment. Water in both the outer

and inner compartments deviloped. the same colour fntensity within two hours.

L T S



Figure 1: Grazing chamber.



Figure 2;
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A rql;ber gasket whs placed between the top plate of the chamber and the
reinforcement ring of ﬁlexigl-sfmund the top of the outer eylinder on which the -
top plate was aligned. This gx£ket ensured that the chamber Wa.s water and gas

. %Aght when sealed. All mntena]s \ued in the construction of the chambers were

blished ds toxic to-plankton (Dyer and Richardson 1962), .inr to their ; e

use. T 5 /
Deﬂoyment’of chambers . o ) /
Lake water was fil ltered through a 125 ym mesh net to'remove the /
* macrograzers with minimal e[&c@ on the remaining plankton (Porter 1973).‘ The
inner cy]inder was.lowered through the ﬂlteyfl water enclosed by 9‘2 outer wall of

the gligmbe’r, and sealed into the grooves with silicon grease. An airspace of®* = . '+

¥ y - .
‘ap&roximately 1 cm Was left at the top of each chantber throughout the '« -
experiments. - # . d « ©
T'he chambers were suspended from ﬂonts in 1.7 - 2.0 m of water (Fig\lre 2), P
and anchored i m position (Figure 3, pgge 16). The tops of the chambers were 0.7 . .
£ 3
m’ below. the water surface. The phytoplankton and micrégrazers were allowed to s

acclmmhz: for 24 hours before the macmgrazers were mtmduced

Macrograzers were collected with a 125 ym mesh versical plankton tow 24
hours before each e)‘(perimenh ‘They Were then identified and sorted. Pennx;k
(1978) and Davis (197Qwer§ used for the zooplankton identiﬁ;ﬁons. The
dominant mac;;grazer in the water column the day before each experiment was
initiated was used as the macrograzervfor ‘that experiment, at a density vof

% appraximately- four times that calculated for the lake water sampled. Adult
. .




Bosmina longispina Leydig or Di minutus Lﬂ]jeborg‘; were

- added t{ the outer compartment of the “grazed* chamber (Table 1).

5 . N
Table 1: Zooplankton species used in grazing experiments.

- - =
Zooplankton Number Density I’ Start Duration *
number @mcroduced ¥ added date in days
1 Diaptomus mintitus 0 6 585 13
~ A&
2 ° .D. minutus 80 1 25-6-85 13
3 Bosmina longisping 80 1 16785 13
* T

- -

X" Prior to being added t the chambers, the zooplankton were kept for 24
hbqrs(ip lake water from which pmicl.es 1.2 ym or larger (in‘cluding
phytoplankton) had been removied.by filtration through Whatman GF/C filters.
This was done.to ensure that the zooplanktén add%\ the grazed. outer
compa;-tment were ready to feed at the beginning of each experiment.

Two different trea its were emp i ly (Figure 4), one with
»

added _macroErazers (grazed chamber) and the other without macrograzers
(micrograzed). Micrograzers were parenthesized in Figure 4 since they were less
dense in the grazed chamber, both inner and outer compartments (personal

observation), than in the micrograzed chamber.




Figure 3: . Southem region of Hogan's Pond."
Experimental site md:cated with an X' (taken l‘rnm bpologcd series
* 1N10-165, 1:25,000). Bat\ymeine contours in meters were taken from
unpublished Bathymetric data courtesy of K. Cooper, Memorial University
of Newfoundland. '
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Phytoplankton in the grazed inner compartment acc&ed metabolites,
released by the macrograzers in the outer compartnrgnt, that passed through the 5
pm gauze. Phytoplankton in the grazed inner compartment were exposed to
released macmgrazer. metabolites rn the absence of the macrograzers. The‘ w;ter,.r
in the grazed inner compartment may be expected to b ient enriched relative
to the Take water. The phytoplankton in.the micrograzed chamber experienced
‘grazing by rotifers, protozoans and possibly juvenile macrograzers not excluded by

. o .

the 125 ym mesh.

Sampling procedure

‘The chambers were usua,ll}; sampled between 1400 and 1430 h évery ‘other
day during each experiment (Table 1), although sampling'wss occa.siona.lly deln;'ed
by up to one hour by strongwmds Prevmhng ‘weather condmons and cloud cover

were noted, air and sur{ace water temperatures, and Secchi depth were recorded

Immediately prior to smr\pling the chambers, nine 40 ml glass, vials were
rinsed and filled with 125 pm filtered lake water. Eight of these were used to * -
replace the volume of water removed during sampling and one was kept and

preserved as a sample.

The’tempernture of the inner compartment of each cham})er wad recorded
just after the chamber had been lrfted into the boat. Samples were collected wrth
a clean glass tube, 1.25 cm in dmmeter, whrch was gently lowered through the -
wxrter column via the sampling ports, thus providing integrated samples with

respect to depth in the compartments. Two integrated water samples eacht

totalling 35 ml were placed in clean 40 ml vials. The remn.iningvﬁ ml volume i{\.




each vial was taken up by prmrvnﬁv:.' Before the umplin‘ port caps were

replaced, two vials of 125 ym filtered water were added to each compartment; this
maintained a coustant volume in the compartments and muodnced a small but

fresh input of phytoplankton nnd 'microgruen from the lake. Lake water samples
of 250 ml were collected hear the chambers at a depth of 1 m for comparison with

chamber ;uopulniou

Preservation and enumeration’ of samples
Water samples containing phytoplankton were stored in darkness for about 1

" - 1.5 hours, before they were preserved with 0.3 - 0.5 % glntnrn)dehyde and

formaldehyd , which dded (Berlyn nnd Mlksche 1976 Throndson

1978). Subsnmples oI 10 - 20 m| were micro-filtered onto 25 mm diameter, 0,45

pm pore size MllhponR filters with marked grids. The filters were dried in a

desiccator, triﬂ\med, mounted on slides in immersion oil, and sealed under a "

coverslip (22 mm x 22 mm).

The mounted filters were examined with a'Leitz dialux 22 compound
) microscope with a blue light filter at X 400 and X 100. Subsample folume
examined was proporuon;l to the area of filter onto which it was ﬁllered From
_ this mfurmatlon the numbers of the different species of phymplankmn encountered

were standardized as number per ml of sample. The standardized counts formed a

*continuous distribution as opposed to the raw countg which formed a discontinuous

distribution. The X 400 count was disregnrded for phytoplankton species counted

at both magifications since'a larger smple area (area of filter with complete grid

squares) was examined at X 100




Colonial phytoplankters were recorded as the total number of cells and of

¥
col@s per.ml. Pllumenums desmids were dealt with as hlnment numbers in

nnalysxs, since the filaments did not break up easily-and it-is hkely that the grazers

d them as fil ive stages and empty Cells were

recorded separately for species in which they could be distinguished.

Transformation of data

The means of the raw data were roughly proportional to their respective
standard deviation;, indicating that the variance may be stabilized by a log -
transformation of the data (Barnes 1052). The data also included zerz'v\a.lue&
Both of th;se features are commonly observed in plankton data, and the raw data

were appropriately transformed: x'== log,q (x-+1), where x was the standardized

count ml'.

The mean (log-mean), standard deviation, and variance of the transformed

data (logva.r) ‘were calc\llated In grder to make the denved means comparable to

values ootamed by straight averaging, but not liable to large distortion by one or

two extreme values, it was necessary to make Small adjustments to them [Bumes

.1952). The variance (logvar) multiplied by 1.15 was added to the mean of the

transformed data (i.e. , the logmean), then 1.0 was subtracted from the antilog of

this value. These adj: have a sound ical basis (Bartlett,
; . A ' .
Dep of Math ics and Statistics, personal ication) N
- -
§ .
' f
. oé
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Expeﬂz;:enhl design and statistical analysis

The’ relmonslnps betweeq‘h:samples and the experimental grazing

treatments are shown in Table 2. The grazed inner compartment contained

14
which were able to pa.ss through the 5 ym

phy!
gauze from the grazed outer‘compartment and poss|bly a l’ew mxcrogmzers The ,

micrograzers were never as dense in either of the grazed compartments as in, the

lake water or tl\e:mjcxograzed chamber. The grazed outer compartment contained \
phy X their metabolites and again possibly a few
micrograzers, although mi tend to ba. pp d by , The

d phytoplankton and i : *

ized compartment

..
Table 2:  Relationships between samples and treatments. {:

e 7 . 3 ;
Sample . Abbreyiation Treatment B
) B)
Grazed inner compartment GI Macrograzer metabolites (
Grazed outer compartment GO Macrograzed
Lake water . w Natural conditions 4
Micrograzed inner compartment ° Ml Micrograzed -
Micrograzed outer gompartment MO Micrograzed
p
% S K
t: ization and log f of the phy 1t-dat; )

(x’=log,, (x+1) normalized their frequency distributions. These-standardized and

transformed data were used in-the statistical analysis. Seasonal differences were

d between the i and therefore séparat@ multiple analyses of

variance (MANOVAs) were conducted for each oxperiment using the general linear
E >




S

P e
“ models (GLM) procedure in SAS (Ray 1082). Each

had five levels of grazing treatment:(GI, GO, LW, MI, MO) and usually $ix levels

EAN ’A consisted of a series
of two-way ANOVAs, one for each phywphnkwﬂ taxon. The phytoplankton taxa

are d in their i D’OI‘IPS in A dix A. Each two-way ANOVA

of date. The type I errors, in which one may reject the null hypothesis when in%
fact it is true, were unbiased by this analysis. Tables of analyses of variance may .

be seen in Appendix B.

* The experimenté were designed to allovy comparisons between the grazing
treatments that thé‘phytoplankton were exposed to. Ths comparisons made were
selected deductively and logically prior to the data analysis. YFor specim with
statisticall‘y significant (P < 0. 05)‘F values,"the following specific a priori

treatment compansons ere made to examme\the null hypotheses "
r" .

Gl =LW . 'The grazed inner compartment and the Iake water £
. " population densmes do not differ. .
/GO =LW _ The grazed m.m compartment (macrograzed) and
O i lake water population densities do not differ. -~
. - . L
=GO The grazed inner compartment and grazed outer’
compartment (macrograzed) population densities do not
5 differ a
’ 4
Gl =Ml v The grazed inner compartment and mlcrog'razed N - 4

innef compartment population densities do fiot differ.

GO =MO ' The grazed outer compartment (magrograzed) and the
! micrograzed outer compartment population denslhes
do not differ.

Ml =MO ‘The micrograzed inner compartment and outer
compartment population densities do not differ.

(MI'=LW .The micrograzed inner compartment and lake
water population densities do not differ).




' (M@ =LwW The micrograzed outer compartment and lake

water population denamaa do not dlffer)

Interactions between the inner and outer computments of :

each micrograzed chamber via the 5 um gauze were examined with
the following hypothesis:

(MI+MO)/2 =LW , The mesn micrograzed chamber and the lake
water population densities do pot differ.

There were insufficient data forksome species and so results of some of the
treatment comparison:;vere non-estimable (Appendix B). This was due to
7’
-
inadequate sampling of the less common and rare species, a pfoblem commonly

encountered by limnologists. ~The grazed inner and micrograzed outer

compartments, and the ‘micrograzed inPr and grazed outer compartments were

deemed not. cnmpArable (Table 3); since these comparisons wmirld be complicated
~ by both coxn‘pal"tment and gha!'nber diﬂérenges aﬁd-they ‘would mln,p@ide

information relevant to macrograzing or micrograzing. The averaged grazed inner -

and outer compnrm‘mnt populations, (GJ+GO)/2, and the lake water were deemed - -

not since the

of the two compartiy of the grazed

chamber represefited the results of two distinct treatments although the
% . v
/ g netaboli is dependent on tife ma d
L . \~ o
One objection to this analysis must be pointed out; the different cell'or

¢
g« > 5 : s
colony counts from each transect or grid square examined on each slidé were

d and log ti ly. These may have been
pseudoreplicates (Hurlbert 1984). However,.unicellulnr and colonial . .
phytoplankton, analysed as cellQ per ml and colonies per ml respectively, may be

expected to have arrived independent)y on a particular area of the filter during- o




Gt

\) Table 3:\ Summary of the null hypothesea on which the a pnarl
‘comparisons were based. .
Grazed Micrograzed
Outer Inner Outer Lake g -Lake 4
™ ‘Water ple. Water v 2y
= ~
Not - . “|Grazed 3
. = comparable 2 TInner " -
GI=GO_ GI=MI GI=LW compartment] - v
1 i ]
g
' o &
Not Grazed 3
. i o Outer i u
. comparable{ GO=MO Go: .LW compartment] 2
& M1
MI=MO MIary  [FReT -
. mpartment|
p: =
u
. > &
N -2
- MO=LW Qutar: = %
!
- £
P
- Key: 'GI: grazed inner compartment

, GO : grazeggouter compartment

* " LW: lake water .
MI : micrograzed inner compartment
MO : micrograzed outer compartment

filtration of the water samples. Thus the standardized phytoplankwn numbers

were consldered to be mdependent of each ather. Edge effects were eliminated in

every case nk: ﬁlters were Qnmmed -
i Populnho densities of phytoplankton were plotted against dnte. Although

mherent vanatmn was fairly hlgh closé mspecnon revealed trends in the general\




“direction of the graphs with respect to experimenta‘l treatments which were

confirmed by‘tile MANOVASs (Appendix B). The complexity of the experimental

design made a time series analysis inadvisable (Bartlett, personal communication).
5 -

. The specificity and @ priori nature of the comparisons made them more

sensitive than, or at least as robust as, Scheffé's pairwise treatment comparisons

(Thatcher 1087). The specific isons involved nine isons (Table 3),
“‘ compared to twenty pairwise comparisons using Scheffé’s method, for each taxon.

Unequal sample sizes were accomodated within both analyses.

The null hypotheses did not anticipate the direction of their associated

grazing effects, (e.g. , the i‘razed intier dpulation»densitia will be larger than the
bt ity <

grazed outer pépl.;laﬁon densil
;‘nag»'nitud‘e and direction of ‘s\lch, effects depend on various factors; such as the

-_ other phytoplankton within the the grazers, nutrient availability and

the light envi ¢ it, which are all infl d by season. The tests in the analysis

were tw;vo-tailed for this reason. In instances where the null hypothesis was
rejected, the larger of the two corrected means (Page 20) of phytoplankton

densities was identified by inspection.

,I‘ hig approach seems reasonable since the q‘

o

—

i




“taxa depressed in the same comparison. A broad overview of the direction of
. v

RESULTS.

Phytoplankton from'the chambers and the lake water had adequate levels of

light and (Appendix C) for good phy growth, There was
no evidence of chytrid infection of any cells, or of phytoplankton sinking within
the chambers; sinking from the euphotic zone‘did not oceur since the chambers™

were suspended within the euphotic zone. The results of the a priori comparisons.

were therefore attributable to grazing treatments.

The hypoth ined in the i may be divided into three

< - s
categories: physical effects of macrograzers, chémical effects of macrograzers, and

micrograzer‘ effects respectively. Grazing effects were manifested in depression,

or phy!

densities between samples.

The chi;sqnare; (X?) test was used to examine the hypothesis thai_ thie nurnber

of taxa T d in a comparison did,not differ significantly from the number of

~» .
grazing effects in each cSmparison in terms of total numbers of phytoplankton
taxa, with the exception of those which were non-estimable, is given in Table 4. If

\

* 3 S bt
the differences between treatments were due to random variation, the number-of

would be expected to be

~ !
phy! taxa dbya
equal to the number depressed. The associated grazing effbet may be considered
highly significant when this hypothesis is rejected, and small when accepted.

Three of the seven Chi-szinnre vtuLs performed were significant, one‘bithin each

category of grazing effect.




leh 4t Summary of complnson reslllh total numbers of phytoplmkton

taxa or d relative to the oﬂm sample
in the comparison.
¢ Comparison Number *  x?
results . of taxa
Physical effects O<LW 8 .
O=LW 42 2.6667 n.s.
. GOSLW._ 16
GI<GO 8
. ' GI=GOo 46 1.1905 ns. L
GI>GO 13
+ GO<MO 18 r
> GO=MO 53 80001 **7.
GO>MO -4 . -
f i -
Chemieal effects GI<LW 7 . 5
“Gl=LW 36 7.0000 ** -
i © GI>LW . 21
GI=GO % Sec above
GI<MI JE 3 .
R GI=MI 3 12000 ps.
GI>MI L2 e -
Micrograzer effects MI<MO 11
MI=MO _ 46 0.0000 ns.
MI>MO 11
- - (MI+MO)/2 < LW 2 - 5
(MI+MO)/2 =LW . 38 188154  ** K
(MI+MO)/2 > LW 24 B
- . GI=MI /) see above 5

ns. not

lake water,
i at 0.05.

B

.
Key:- GI : grazed inner, GO': grazed otiter, MI : micrdgrazed inner,
M() mmrogmzed ouLer comparlmenl.s and LW :
ifi at 0.01, * : si




‘A significant number of taxa were less dense in the grazed. outer cqni])utment

than in the micrograzed outer compartment (Table 4)|‘and a significant number of

v taxa were more dense in.the grazed inner compartment than in the lake water. It

should be noted- that equgl'_numbers of taxa were less dense in the micrograzed
.

inner than in the micrograzed outer compartment and vice versa; however, when
1 . x
the averaged micrograzed compartment densities were compared a larger number

. " of taxa were found to be more dense in the micrograzed chambex, than i the lake »
~water. [ y

, The data are-presented by algal group in Tables 56 and 7. (Twenty per

cent of these chi-square tests pérformed were significant).
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The results of the comparisol;s were examined, in terms of individual taxa,

under the following headings: physical effects of macrograzing, chemical effects of

and

effects. N imabl mult‘s were omitted from - o B
the detailed tables that follow, since non-e;thnab]e results merely invdic‘ate the 2 .
absence or presence in very small numbers of individual faxa. Ceratium

hirundinella was dealt with separately from the other phytoplankton because of '

Cts d occurrence in the chamb

Phi}nicnl effects of macrograzers

Comparisons of macrograzed (physical effects) and lake water phytoplankton - < -
densities. - Null hypothesis: GO—L_W , N

In expenment 2, densities of Ar!hradesmua spp., A. triangularis var.

rotundatus in yartlc\llnr, ‘were greater in the g'razed ou'.er compnnmznu than in

the lake water (Table 8). Tn experiment 2, 80 Diaptomus minutus (c.f. 40in 2
experiment 1) had initially been added. The densifies of other desmid taxa in

experiment 2, and of most desmids in experiments 1 and 3, did not differ between

the grazed outer con{pnrtmems and the lake wntex. Only Spondylosium planum /
in experiment 3 were less abundant in the g'mzed outer compartment than in the

lake water (Table 8). :

ln bbth‘experimeuts, 1and?2, severnl taxa of the Chlérophyceae ‘were more

dense in the grazed outer compar!menw thnn in the, lake'water (Table 8). ln

expenmsnt 3, m\vhmh Bosmina langmpma was the n macrograzer, Chlorella '

wlgana and Quadnyula lacustris were less dense in the grazed outer than in the

hke water (Table 8).

croflagellates were more dense in the grazed outer compariment than in




the lake water in' i 2; however, in i 1 and 3 the densities did
not diffe significantly (Table §). A
Most of the diatom taxa densities did not differ between the grazed outer
—
compartments and the lake water (Table 9). Exceptions comprised Synedra sp. in
experiment 2, which was more dense in the grazed outer compartment than in the

lake water, and Tabellaria fe var. | is in i 3, for which the

reverse was true (Table 9).

. ° Members of the Chrysophyceae tendad not to differ in density between the
gnzed outer compartments and Iake water (Tnble 9). Exceptions mcluded v
Dmabry:m Imvzncum empty cells in expenment '3, and Uroglena volvoz in
expe_rmfant 1, which were less abundant in the grazed outer cor'npartmentsv than

the l£k= water.

De'nsm?l' taxa of the Cyanoplxyceae in the grazed outer compntmenl were |
either greater th‘m or not slgmﬁmnlly different lro(l those in the lake water.
Cymophycea.n taxa in experiment 2 did not differ significantly in densities

. * .
between the grazed outer compartment and the lake wabr (Table 9).
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Table 8: Macrograzed and lake water mean deniues comp:red for
1 the individual taxa of the Z; the
Chl and the Cryptophy

. N

Taxa Expt. 1 Expt. 2 Expt. 3
g Zygnemaphyceae (desmids)
N Arlhradeamg spp. LS = '

Arthrodesmusg convergens i
Arthrodesmus incus .
Arthrodesmus subulatus

' Arthrodesmus triangularis
A. triangularis juveniles
Mesotaenium sp.
Staurodesmus sp.
Spondylosium planum
Teilingia granulata

[l
"
x
e

%

Chlorophyceae
Ankistrodesmus spp. " =
Chlamydomonas globosa ’
Chlorella ellipsoidea . o+
Chlorella vulgaris cells - 4
C. vulgaris autospores "
Enteromorpha intestinalis 5 .

Quadrigula lacustrig = f o= P
Selenastrum minutum E_— ’ . -
Cryptophyceae %

Microflagellates = = w4 -

*
*

ek

-
+++ +
I}

++

- = ! no significant difference between GO and LW,
null hypothesis Hy: GO=LW accépted;

*':p < 0.05, ** : p < 0.01 null hypothesis jected;”
+: GO > LW, —: GO <LW.




Table 0: Macrog‘rnzeﬂ and lake water mean densities compnred for

e
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the individual taxa of the
Chrysophy , and the C; *
N
Taxa - Expt. 1 Expt. Expt. 3 ®

Bacillariophyceae (diatoms)
Asterionella formosa cells
A. formosa colonies
Synedra sp.

Tabellaria fenestrata célls’
T. fenestrgta colonies

T. fenestrata empty fruszulcs
T. fenestrata colonies *
with empty frustules

Y

I

a

]

i

Chrysophyceae
Dinobryon bavaricum cells
D. bavaricum cclonjes
D. bavaricum empty loricas
Dinobryon sertularia cells
D, sgrtulgéia empty loricas
Syncrpta volvoz
"Ribbed® chrysophyte
Uroglena volvoz cells

1

Cyanophyceae

Chroacoccus turgidus colcn\m
Coelosphaerium kuetzingianum
- Gloeocapsa punctata colonies _

Gloeothece linearis
“Microcystis aeruginosa cells
M. aeruginosa colonies

=

**
%

= : 1o significant-difference between GO and LW,

null hypothesis Hy: GO=LW accepted;
p.< 0.05, ** : p < 0.01 null hypothesis rejected;

fco>LW— GO < LW.
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Comparisons of the physical effects and chemlcal eflects of macrograzers on
hytoplankton densities. Null hy othesxs GI=GO.

The comparisons-of the g'razed inner and grazed outer compa.rtx;xents sho‘w
differsioss bebween ply€opiaukton responses to physical and chensical effects of
mnnmé‘razers, while the grazed outer ccmp;rtment and lake water; and gazed .
inner compartment and lake wejer comparisons which follow may show trends due

L 3 E 4 Ny
to bothi grazing and containment effects.
f

With the exception of Teilingia granulata in experiments I and 2, des‘mid“
densities of grazed innor. compartments were eifher lirger. than or did not. differ
from tl’msg n the grazed outer compartments (Table 10). Tﬂe ch‘lomi:hycegn‘taxi{ :
did not differ significantly in density betiween the grazéd innler and gn:zed'oueer

.\ compartments witl}ﬂone exception, Ankistrodesmus spp., ,wh;ch was less'dense in ;
++ . the grazed inner lhan in the grazed outer compartments in experiments.1 and 3
(Table10). ‘ s -

J

, (
Microflagellate densities did not differ significantly between the grazed inner \\
: \

and grazed outer compartments in experiments 2 and 3. However, densities in the
_ N . 1
grazed inner compartments were less than in the grazed outer compartments in

experiment 1 (Table 10).

In experiment 3 the grazed inner compartment densmeq o{ Tabdlana s I.

fanaalmla var. lacuatru ‘were greater than those of the grazed outer'compartrient

/*a

(Table 11). In experiment 1, Synzdm sp. was less abundant in the grazed inner "~

_compartment than the grazed outer compartment. . .
: £

s Among the chryso_phyceun taxa, empty cells of both Dfnabryon bavaricum,

* in experiment 2, and Dinobryon sertularia in experiment 3, weré more numerous




in the grazed inner compartments than in the grazed outer compntme‘n‘u. - i
Uroglena volwoz cells were léss sbundant in the grazed outer compartments thaa in
the gnud inner compartments in ux'p;rimznt 1, the reverse was true en
experiment 3, and the dmitiu ‘did not differ significantly in qxpu-iment_i (Table
). '

Microcystis aeruginosa were-more dense in the grazed inner compartments
1 i .

than in the grazed outer compartments, in experiments 1 and 2; the reverse was &

found in i 3. The other cyanophy taxa did not differ signiﬁcuntly.

between the grazed inner and grazed outer compartments (Table 11).

Fe o e °
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Table 10: Physical and cl—mnici.l'iﬂech of macrograzers on mean

densities d for the individual taxa of the
mids), the Ch and the Cryptophy
Taxa Expt. 1 Expt. 2 Expt. 3
Zygnemaphyceae (desmids)
Arthrodesmus spp. = L S

Arthrodesmus convergena

. Arthrodesmus incus 4
Arthrodesmus subylatus = = B
Arthrodesmus triangularis - = s & hd

A. triangularis juveniles
Mesotaenium sp.
Staurodesmus sp.
Spondylosium planum’
o Teilingia granulata
.

]
I

1

*x

.

Chlorophyceae
Ankistrodesmus spp.
Ghlamydomorias globosa
Chlorella ellipsoidea
Chlorella vulgaris cells.

C. vulgaris autospores
Enteromorpha intestinalis
Quadrigula lacustris
Selenastrum minutum

»
*

L
I
I

Cryptophyceae 1
Microflagellates = -

»

== : no significant difference between GI and GO,
null hypothesis Hy: GI = GO accepted;
*:p<0.05 ** : p <0.01, null hypothesis rejected;
+: GI> GO, —: GI< GO. |
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Table 11: - Physical and chemical effects of macrograzers
on mean densities compared for the individual taxa of the
Bacillariophyceae (diatoms), the Chrysophyceae and
the Cyanophyceae.

Taxa Expt. 1 Expt. 2 Expt. 3 .

Bacillariophyceae (diatoms)
- Astérionella formosa cells =
A. formosa colonies
Synedra sp. . 2 o TN
Tabellaria fenstrata cells
T. fenestrata colonies * =
T. fenestrata empty frustules
T. fenestrata colonies
with ‘empty frustules

LRS- aY NN

Chrysophyceae
Dinobryon bavaricum cells
. D.\buvan‘cum colonies -
D.\bavaricum empty loricas o4
Dinobryon sertularia cells =
D. sertularia empty loricss _ L
Syncrypta volvoz =
*Ribbed" chrysophyte

Uroglena volvozcells L bl

Cyanophyceae
Ghroococcus turgidus colonies
Coelosphaerium kuetzingianum
Gloeocapsa punctata colonies .

I

I

Gloeothece linearis * - =
Microcystis aeruginosa cells =>4 =- .
M. aeruginosa colonies = 4 * s

= ! no significant difference between GI and GO,
null hypothesis Hy: GI=GO accepted;

*:p < 0.05, ** : p < 0.01, null hypothesis rejected;
+:GI > GO, - :GI < GO. *




Comparisons of macroggazed'and micrograzed phytoplankfon densities.
Null hypothesis: GO=MO. = :

0y

. Population densities of desmid taxa in the grazed outer compartment were
either less than or did ﬁot differ significantly fron.x those of the micrograzed outer
compartment (Table 12). Most taxa of the Chlorophyceae did not differ

. significantly between the outar compartn‘:ents. ‘Notable exceptions included

Anki. )

spp. in i 1 and 3, and Enteromorpha intestinalis in
experimént 1, in which densities were larger in the grazed outer compartments
than in the\ micrograzed outer compartmt;nt.s; the reverse was tru‘e for C;ll;rellu

. vulgaris in experiments 1 and 3, and Quadrigule lacustris in experiment~ 1 {Table

12). ¢

Microflagell (which isted of Cr sp. and Rhod
; et : \
ovalis) were either less abundant in the grazed outer compartment than in the’

macrograzed outer compartment, as in experiment 3, or did not differ significantly

between the outer compartments (Table 12).

With the exception of Tabellaria fenestrata var. lacustris in experiment 3,
in which densities were less in the grazed outer compartments than the
micrograzed outer compartments (Table 13), the diatom taxa did not differ #

significantly between outer compartments.

The chrysophycean population densities did not d‘i.{l‘er significantly beh}ve’en
the grazed and micrograzed outer compartments, with two exceptions both i’n
experiment:1: Uroglena voluoz were more dense in-the gnz_ed outer compartment
thanin the micrograzed outer compnrtment,’ and the reverse was found ror_

Dinobryon bavaricum empty loricas (Table 13).




i : 4

[ s o
With the exception of Microcystis aeruginosa in experiments 1 and 2, which

were less abundant in the grazed than the micrograzed outer compartments the
cyanophycean taxa did not differ significantly between the outer compartments’

(Table 13). A {




Table 12: Macmgrazed and mierograzed mean denmxes comp:u-ed !or
1ds) the =

1 taxa of the Z;

the i
-~ Chl

andtheC.,., phy

Taxa

Expt. 1

Expt. 2

Expt. 3

.Zygnemaphyceae (desmids)
Arthrodesmus spp.
Arthfodearmus convergens
Arthrodesmus incus
Arthrodesmus subulatus
Arthrodesmius triangularis
A. triangularis juveniles
Mesotaenium sp.
Staurodesmus sp.
Spondylosium planum
Teilingia granulata

Chlorophyceae

. Ankistrodesmus spp.
Chlamydomonas globosa
Chlorella ellipsoidea g
. Chlorella vulgaris cells
C. vulgaris autospores
Enteromorpha intestinalis
Quadrigula lacustris
Selenastrum minutum

R ]

I

Cryptophyceae
Microflagellates

= : no significant difference between GO and MO,
therefore null hypothesis Hy: GO=MO accepted; -
*:p <0.05, **:p < 0.01, null hypothesis rejected;

+: GO > MO, -: GO < MO.
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‘Table 13: Macrog-ued and micrograzed mean densities compared for

idusl taxa of the Bacil (distoms), the *
¥ /@hrysophy ceae, and the Cynnophy‘ceae\ -
~ Taxa Expt. 1 Expt.2 | Expt. 3

Bl:illuhphy:ne (diatoms) .
Asterionella formosa cells S g =
A. férmosa colonies
Synedra sp.
Tabellaria_fenstrata cells = L
T. fematrnta colonies B = . -
T. fenestrata empty frustiles = -
T. fenestrata colonies
with empty frustules

I

Il

Chrysophyceae — B o
( Dinobryon bavaricum cells.. :
' D. Bavericum colonies
D. bavaricum empty loricas
Dinobryon serfularia cells
L. serizlaria empty loricas
Syncrypta volvoz
*Ribbed* chrysophyte
Uroglena volvoz cells

I
1

[N

('}

"
H
.+V

Cyanophyceae
Chrooboccus turgidus colonies
Coelosphaerium kuetzingianum
Gloeocapsa punclata colonies
Gloeothece linearis

e Microcystis aeruginosa cells
M. aeruginosa colonies ok

I
I

[

(]

*

%

*
*
1
.

i =: no significant difference between GO and MO,
nuIl hypothesis Hy: GO=MO accepted;
1p < 0.05, **:p < 0.01, null hypothesu rejected;
+G0>MO -:GO < MO. '




" Chemical effects of

Comparisons of phytoplankton densities under chemical effects of macrograzers
and lake ‘water conditions. Null hypothesis: GI=LW. B

Desmid densities in the grazed inner compartments were either greater than
or'not significantly different from those of the lake water (Table 14) with one

“The exception was in experi 1, in which filaments of Teilingia

granulata were less dense in the grazed inner compartment than in the lake water

(Table 14). - . . W &

e . Do 2N
Several of the chlorophycean taxa were more dense in the grazed inner \\

compartments than in the lake water in experiments 1 and 2 (Table 14). In

experiment 3, the densities of most taxd did not differ between the grazed inner

compartment and the lake water; Chlorella vulgaris and its autospores were

exceptions. The mlcmﬂagella',e densities did not du‘fer significantly in axpenments

1 and 3 (Table 14), in contrast o eXperin 2, in which the microflagell were

more dense in the grazed inner compartment than in the lake water (Table 14).°

Diatom‘densities in the grazed inner compartments were eithér greater than,
as in expenments 2 and 3, or'did not differ rrom, those of the lake water (Teﬂﬂe S
15). Significant results were spnrse for the chrysophycean: taxa (Table 15).
Dinabryon sertularia cells and empty loricas were more dense i the grnzed inner (

compartment than in the lake water (Table 15) In experiment l\Chroococcus .

turgidus and M:cracyshs aeruginosa were more dense in the grazed ipner.

compartment than in the lake water (Tnbie 15). The reverse was true for

Coelosphaerium kuelzingianum and Gloeothece linearis in experiment 3. Several .

s ¢ \
of the other cyanophycean taxa densities did not differ between the grazed"pne_r
. - - D

n







of.

densities”

Table.14: Grazed inner coliipuunent and iake water mean -
1al taxa of the Zy

and the Cryp

Taxa

Expt.

Zygnemaphyceae (desmids)
Arthrodesmus spp.
Arthrodesmus convergens
Arthrodesmus incus
Arthrodesmus subulatus
Arthrodesmus triangularis
A. triangularis juveniles
Mesotaenium sp.
Staurodesmus sp.
Spondylosium planum
Teilingia granulata

M

-

Chlorophyceae .
Ankistrodesmus spp.
Chlamydomonas globosa .
Chlorella ellipsoidea
Chlorella vulgaris cells
C. vulgaris autospores
Enteromorpha intestinalis
Quadrigula lacusiris
Selenastrum minutum

[

1)

Cryptophyceae
Microflagellates

= : no significant difference between GI and LW,
null hypothesis Hy: GI=LW " accepted;

*:1p < 0.05 ** : p < 0.01 null hypothesis rejected;
+: GI>LW,-: GI<KLW. -

+ 4.




Table 18: Grazed innér complrtment and lake water- mean denmm

d for the individual taxa of the B:

(diatoms), the Chrysophyceae, and the Cyanophyceae.

Taxa . Expt.1

Expt. 2 ‘\Expt, ¢ 3

Bacillariophyceae (diatoms)
Asterionella formosa cells

T. feriestrata coloflies

T. fenestrata emplty frustules
_ T. fenestrata colonies

with empty Irustll_les

[

=

++

Chrysophyceae
Dinobryon bavaricum cells
D.pavaricum colonies
D. bavaricum empty loricas =
Dinobryon sertularia cells
D. sertularia empty loricas
Syncrypta volvoz
*Ribbed* chrysophyte .
Uroglena volvoz cells =

**

**

Cyanophyceae
Chroococcus turgidus colonies * *
Coelosphaerium kuetzingianum
Gloeocapsa punctala colonies
Gloeothece linearis =
Microc'yaﬁiu aeruginosa cells Mol
M. aeruginosa colonies A%

o

: no significant difference between GI and LW
. null hypothesis Hz: GI=LW accepted;

:p < 0.05, ** : p < 0.01 null hypothesis rejected;

+:GI>LW,—:GI<LW,




Ce i of metabolite enriched and mi d dengities.

Null hypothes ! _ . .
Densities of Ar d spp. in i 3 and, Me fum sp. in -

experiment 2 were éreater in the grazed inner compartments than in the
micrograzed inner compartments (Table 16). The reverse was true for,

Arth spp. in

1. The remaining desmid taxa did not differ
between the inner compartments (Table 16):

The chlorophycean taxa showed various responses in the inner compartment

comparisons, e.g. , Chlorella vulgaria cells were less numerous in the grazed inner

p: than in the midk d inner compirtmenu in experiments 1 and
2; the reverse, was true for C.vu\yan's autospores in experiment 2. C. vulgaris and
c ellipsoidea densities did not differ significantly bétween the inner cémpartm'énf.s

in experiment 1 (Table 16).” The microflagellates were less dense in thie grazed

\innér compartments than in the mi d inner partm in

and 3; the reverse was true for ex%riment 2 (Table 16). -
° With the exception of Tabellaria fenestrata var. lacustris in experiment 3,
which was less abundant in the grazed than in the micrograzed inner,

com(artm_ents, the diatom densities did not differ significantly (Table 17).

) Compare these results with those fo}' this species in Table 11 where the grazed

inner compartment densities were greater than in the micrograzed inner
compartment. The densities of the chry'sophycenn taxa were either greater.in the
grazed inher compartments than in the microg'ra“ied inner compartments or they
did not differ significantly (Table 17). Various réspt;nses were.revealed among ;hs

taxa of the Cyanophycene‘ by the inner compartment comparisons (Tni)le 17). :
E ' : X




Table 18: Effects of and ing on mean
densit d for the individual taxa of the Zygnemjph
(desmids), the C! and the Cryptophy
Taxa Expt. 1 i Expt. 2 Expt. 3
Zygnemaphyceae (desmids) T
Arthrodesmus spp. o = 4

Arthrodesmus convergens
Arthrodesmus incus
Arthrodesmus subulatus
Arthrodesmus triangularis
A. triangularis juveniles
Mesotaenium sp.
Staurodesmus sp.
Spondylosium planum
“Teilingia granulata

“nanan

-
*

Chlorophyceae
Ankistrodesmus spp.
Chlamydomonas globosa
Chlorella’ellipsoidea . °
Chlorella vulgaris cells
C. vulgaris autospores

*

Enl:romorphu intestinalis X -
Quadrigula lacustris - =
Selenastrum minutum b 2 -
Cryptophyceac
" Microflagellates oo L L -

= : no significant difference between GIand MI,

null hypothesis Hy: GI=MI accepted;
*:p < 0.05 ** :p < 0.01, null hypothesis rejected;

+: GI> M, -: GI<ML




boli

Table 17:  Effects of

the"Chr

P

, and the Cyanophy

' on mean -
dansmu compared for the individual taxa of the Bacx.llmophyceae

Taxa Expt.

Expt.

2 Expt. 3
)

Badillariophyceae (diatorns)
Asterionella_formosa cells
A. formosa_colonies
Synedra sp. .

Tabellaria fenstrata cells

T. fenestrata colonies

T. fenestrata empty frustul
T. fenestrata colonies =
with empty l;rustulu

I

s,

Chrysophyceae
Dinobryon bavaricum cells
D. bavaricum colonies

D. bdvaricum empty loricas =

Dinobryon sertularia cells
D. sertularia.empty loricas
Syncrypta volvoz

*Ribbed" chrysophyte
\ Uroglena wlvlz’fé%"‘ =

**

o

Cyanophyceae .
Chroococcus turgidus colonies L]
Coelosphaerium kuetzingianum
Gloeocapsa punctata colonies
Gloeothece linéaris =
Microcystis aeruginosa cells *
M, a:ruymoan colonies *

4
+

M

i no slg‘mfxcant dm‘erence between GI and MI

null hypothesis Hy: GI=MI ucﬁ

*:p <0.05 **:p <001, null h othws re)ected

+:GI>M, - :GI <MLL




Micrograzer effects N

The micrograzer assdmblages differed in species composition and relative

bund: between the mi d inner and"o\lter compartments (Table 18).

‘Table 18: Micrograzer average densities (number l‘l) in the micrograzed
inner and outer compartments. - -

Expt. 1 Expt.2 Expt. 3 -

MI- MO Ml MO Ml MO
Bosmina longispina juveniles 200 101 - 20
Kellicottia longispina . 114 101 500 61
™ Keralella cqchlggris 160 143 328 400 200 141
_Copepod naup - 160 101 224 500,
Small rotifer . 163

The-data in Table 18 reflects the patchy nature of the distribution of

micrograzers and may explain the differ between pl
" densities in the micrograzed inner and outer compartments (Tables 19 and 20).

Comparisons of micrograzed inner and outer compartment Gplankton
densities ~Null hypothesis: MI = MO.

Several of the desmid taxa did not differ significantly between the
micrograzed compnrtmen's (Table 19), six taxa were exceptions. Many of the
chlorophycesn taxu also dxd not differ significantly between the mlcrazrazed

compartments (Table 19). ptions included Ankistro spp. and

1, and Chiorella vulgaris in experiment

oy pha intestinalis in

2, all of which were more Qbundant in the micrograzed inner compartments than

in\the micrograzed outer compartments. The reverse was true for Chiorella
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a . .
ellipsoidea in experiments 27and 3, and C. vulgaris autospores in experiment 2.
Only one result was available for the micmﬂngell:lq;"in experiment 1, the
microflagellates did not differ significantly in density between the micrograzed

compartments (Table 19).

‘With the ion of Tabellaria f in i 3, the densities of y

the diatoms did not differ significantly between the.mi e

(Table 20). Several ol the chrysophycenn densities also did not differ slgmﬁcutly,
N although results were sparse (Tnble 20).

p Y
Densities of the cyanophycean taxa in experiment 2 did not.differ R

- 4 antly between the d this was also the case for a
) < i 5 .
_few taxa in experi land 3. In i 3,.Gl punctata was more
bundant in the mi ed inner th:n in the outer compartment,

the reverse wi true for Gloeothege linearis and Microcystis aeruginosa in

e axpérinleqt 1 (Table 20).




Table 19: Mlcrogmzed mner and outer compartment mean dens:tles

d for the individual taxa of the Z;
_ the Chloroph and the Cryptophy
Taxa Expt. 1 Expt. 2 Expt. 3
" Zygnemaphyceae (desmids) =

Arthrodesmus spp.
Arthrodesmus convergens
Arthrodesmus incus
Arthrodesmus subulatus
Arthrodesmus triangularis
A. triangularis juveniles
Mesotaenium sp. h
Staurodesmus sp.
Spondylosium, planum
Teilingia granulita

&
oo

I

*

Chlorophyceae
Ankistrodesmus spp.
Chlamydomonas globosa
Chlorella ellipsoidea
Chlorelld vulgaris cells
C. vulgaris autospores
Enteromorpha intestinalis
Quadrigula lacustris
Selenastrum minutum

**

*%

[

*

* %
a4
%

Cryptophyceae
Microflagellates

= : no significant difference between MI and MO,
null hypothesis Hy: MI = MO accepted;

1p < 0.05,%*: p<001
+.‘MI>M0,—.M‘I<MQ.




Table 20: Mlcmg-rned inner and outer compartment mean densma

d for the indi

1 taxa of the B:

(di the

Chr

, and the C;

Taxa

Expt. 1

Expt.

f

3

Bacillariophyceae (diatoms)
Asterionella 'formosa cells
A. formosa colonies

», Synedra sp.
) Tabc"ana jenettrata cells
T. fenestrata colonies

T. fenestrata empty. frustules
T. fenestrata cqlonies
with empty frustules

?

o

s

* %

4+

Chrysophyceae
Dinobryon ‘bavaricum cell.s
D. bavaricum colonies
D. bavaricum empty loricas
Dinobryon sertularia cells
D. sertularia empfy loricas
Syncrypta volvoz
*Ribbed* chrysophyte
Urogleria volvoz cells

|

i

Cyanophyceae
Chroococcus turgidus colonies
Coelosphaerium kuetzingianum
Gloeocapsa punctata colonies
Gloeothece linearis
Microcystis aeruginosa cells
. aeruginosa colonies

J

i

¢ no significant difference bétween MI and MO,
- bypothesis Hy: MI = MO accepted;

1p < 0.05,** : p <001;
+: Ml > MO, - :MI<MO. -




« . ¥

The few signifi diff between the phy p ', 1
densities in the micrograzed inner and outer compartments do not indicate serious
containment effects, rather they show the effects of the different micrograzer

.

assemblages. For this reason the micrograzed inner compartment and lake water,
and the mici’agrued outer compartment and lake water, comparisons were not
examined in :u;y detail; tables of the results of these comparisons were placed in
Appendix D. Instead: the interactions between the micrograzed compartments were
considered.

e . &
Interaction between the micrograzed compartments. N\
Null hypothesis: {MI + MO

Interactions between the mi d inner and

d outer !

p were antici since material exct

through the 5 ym gauze.
The averaged densitigé of phytoplankton taxa in the micrograzed inner a:‘:d\?uter
compa_nm%rs; "+ MO) / 2, will be referred to a3 the density of the ®

micrograzed chamber.

In experiment 1, the desmid densities did n(;‘;i\ke;;igniﬁcanfl); between the
" micrograzed chamber and the lake wateir/r‘(’l‘able 21). In experiment 2, the
2 lx;icrograzed chamber densities were greater than those of the lake water for most
. desmid taxp. This was alo true of Mesotaenium sp. and Teilingia granulata in
experiment 3, while the rcmainihg dwf\id taxa in experiment 3 did not differ

iguificantly between. the mi d chamber and the lake water (Table 21).

In experiment 1, Chlamydomonas globosa and Chlorella vulgaris were more

abundant in the micrograzed chamber than in the lake water. In experiment 2,

Chlorella vulgaris autospores and Quadrigula lacustris were less abundant in the

\ Lk 8




micfograzed chamber than in the lake yater (Table 21). The remaining

chlorophycean taxa did not differ significantly in.density between the micragrsz;d &

chamber and the lake water. The microflagellates either did_pot, differ

or were more

in the lake water than in the micrograzed

chamber ( Table 21).

Tabellaria fenestrata varolacustris in experiments 2and 3, and Synedra sp.
-\
in experiment 2 were more dense in the micrograzed chamber than in the lake

water (Table 22). The remaining diatom taxa and the chrysopilycean taxa did not

differ significantly between the mi zed chamber a dlakewa (Table 22). —

The cyanophycean taxa were elther more dense in the rmcrog‘razed amber than

the lake water, e.g. , M«cra:yaha azrugmasa, or did not dl"el' sigrifi cantly (Table

%

22).
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= . Table 21: Micrograzed chn.mbet, (MI + MO)/2, and lake water )

o densities d for the individual taxa of the Z;
| ids), the Chloropk and the Cryptophy
| - - -
Taxa Expt. 1 Expt. 2 Expt.
Zygnemaphyceae (desmids)
Arthrodesmus spp. LS =

I

* Arth7odesmus convérgens
Arthrodesmus incus
Arthrodesmus subulatus
Arthrodesmus triangularis
A. triangularis juveniles "
Mesotaenium sp. 'y =
Staurodesmus sp.

Spondylosium planum
Taih'ngia granulata =

I

-S|
++++

oo *% .

Chlorophycene
Ankigtrodesmus spp. =
4 Chlamydomonas globosa
. Chlorella ellipgoidea
Chlorella vulgarig cells
C. vulgaris autospores
Enteromorpha intestinalis

Quadrigula I, uptris
Selenastrum \mfnutum

*

1l

>

=
*

Cryptophyceae
Microflagellates *

=" no significant difference between (MI
null hypothesis Hy: (MI + MO)/2 =LW

*:p <005 *:p <001

)
0)/2 and LW,

accepted;

A 41 (MI+MO)/2 >LW, —: (MI+MOJ/2 <LW.

Mg

4
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Table 22: Micrograzed chnmbe}, (MI + MO)/2, and lake water mean
~ densmes compared for the individual taxa of the Baélllannphycene

), the Chrysophy , and the Cy
. K
Taxa " Expt. l\\ ‘Expt. 2 Expt. 3

Bacillariophyceae (diatoms) R
%Asten‘nnzlla Jformosa cells . v = =

A. formosa colonies

Synedra sp. = 2o+

Tabellaria fenestrata cells LIS

T. fenestrata colonies . " 4

‘ T. fenestrata empty. frustules

d T. fenestrata colonies
e . with empty frustulés

“ Chrysophyceae
Dinobryon bavaricum cells .
i D. bavaricusit colonies . - . * §
D. bavaricum empty loricas o
Dinobryon sertularia cells N
D. sertularia empty loricas $
2 " Syncrypta volvoz - o
*Ribbed* chrysophyte N .
Uroglena volvoz cells = :

I

[l

[
I

Cyanophyceae - B
Chroococcus turghus colonies = ek 4
Coelosphaerium kuelzingianum .

o

= Gloeocapsa punctata colonies ¥ =
i Gloeothece linearis = X .
Microcystis aeruginosa cel]s 4 bl
| M. aeruginosa colonies b Y g

55 Significant difference between (VI 3 MO)/Z and LW, .
null hypothesis Hy: (MI + MO)/2 = LW accepted; .
*:p <005 *:p <001

+: (MI+MO)/2 > LW, —: (MI+MO)/2 <LW.




Grazing effects on . Ceratium hirundinella

N . - :
Ceratium hirundinella was the only dinophycean species that showed

results in the isons. These data are'presented in Table 23,

separately from the main, tables since full-sized C. hirundinella were too large to .

pass through the 125 ym net. Full-sized C. hirundinella were not recorded from

the chambers until several days after the experiments were started.

Table 23:. Results of comymuons for Cemlmm hirundinella

4 in experiment 3, with B pina as g
Probability . Result of
associated “comparison
with null by inspection
hypothesis \

- ;
. =LW

" (el + GO) /2 <

T . Mol fa< w

no slgmficant dlﬂerence in densities of compared populatmns,
: p <005 *: p<o.

- P e

N C. hirundinella was less abundant in the grazed outer compartment than in

the lake water (Table 23). C. hirundinella was also less dense in the grazed ) »
. ' ¢ 4
. chamber, (GI + GO) /2, and in the micrograzed chamber, (MI + MO) /2, than in
the lake water. /




DISCUSSION ) ,
5 . The present study examined the physical and chemical effects of

macrograzers separately, rather than emphasizing only‘t!n macrograzed taxa as

many authors have in studies of in situ, species-specific effects of grazing (e.g. ,

Porter 1972, 1073; Weers and Zaret 1975; Lehman and Sandgren 1985). The

current study emphasized the different results of chemical and physical effects of
macrograzers on phytoplankton, and also showed that micrograzers can have

Lt

effects on p

With a few exceptions, e.g. ,
Skogstad et al. (1987); Lampert et al. (1986), micrograzing effects on

phytoplankton have been largely dismissed in the grazing literature as bl

These studies and the preséut one ate signifi i ‘ effects at

the level of algal group and-species, particularily in the absence of macrograzers.

Differences in results from the three experiments of the present study were most *

likely related to seasonal difl the domi and the
R v

micrograzer populations were among these seasonal variables.

Physical effects of macrograzers . \
Depréssion of phytoplankton densities is a very evident physical effect of

macrograzers in general. \ln the present study, densities of some desmid species

were depressed in the presence of macrograzers, e.g. , Arthrodesmus convergens, .

hrod Y ; Sy
S Ar incus, sp., S

planum, and Teilingia -

granulata.- This is ﬂ\e first ecological study to demonstrate siu.ch, a éraiing effect

- . on desmids. In a serics of laboratory experiments Brook (1981) observed that
Cbsman'um cmllratuma, i rcni/Zrme and Closterium peracerosum c‘an all be
ingested and Ijn turn digested by the mnzr;gmzer Daphnia magna; all that

\
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remained in the cultures after 3 or 4 days ‘were empty cells. <

Results of the present study are antithetical to those of Porter (1972) who
reported no detectable grazing,effect on the tota) number of desmid cells. Porter’s
study was conducted in a body of water in which desmids were not abundant; in

“contrast, desmids were the dominant phytoplankton in Hogan's Pond. Although

desmids tend to be the domi fresh phytopl. in areas with acidic
bedrock, (e.g. , Newfoundland) the effects of grazing on desmids has not previously

been studied in waters in which they were abundant.

Most of the Chlorophyceae and microflagellate densities were unaffected or
augmented by the physical effects of macrograzers. The chlorophycean taxa ..
encountered were typically small. The majority of the smaller Chlorophyceae are

_ capable of cell division in about two days or less (Happey-Wood 15?85)4 Such rapid
rates of potential population increase may explain \why these taxa showed little
evidence of depression, and a few.were aug‘m\ented in response to the-physical

" effeots of macrograzers. They may have been able to maiatain their respective

fon sizes in spite of the effects of grazing. Knisely and Geller (1986)

popul
reported that zooplankters grazed more emclently on phytoflagellates such %s

Rhodon and Cr than on Chl ! (an order o the

Cl‘:lorophyceae)‘ These authors assessed effective food concgnt[atlon relative to

Rhodomonas minuta, as a reference species for optim71 food.

In the current study diatom densiti‘es were generally unaffected or depressed

by‘ the presence of Tabellaria fe v{\r lacuatns was
depressed-in the presence of the mscrograzer Bosmina langxspmn as was the "

number of empty frustules. B. longispina may have rcduJed‘t.he number of cells
g ¥




which Became senescent and subsequently empty. Synedra sp. was depressed in

the presence of high densities of macrograzing Diaptomus minutus.
-~

Densities of members of the Chrysop! were ffected by

with two exceptions: Uroglena volvoz was augmented in the presence of
macrograzers, this may have been vQhe result of reduced competition. from
macrograzer species. The empty loricas of Dinobryon bavaricurn were depressed
by macmg‘razing. Grazing by Diaptomus minutus may have reduced the number
of individuals able to encyst or p.rodllce swarmers, thus reducing the‘ number of

empty loricas within the assemblage.

Several bers of the Cyanophy were unaffected or dep: d by .
physical. effécts of in this study. Microcysti ;xcmginau densities
were d d by grazing Dia st Ch turgidus and
Gl punctata were auj d by macrog Bogmina lc
Ch: turgidus and 3l ;Hmcluta form small colonies of 2 and 4 - 8

cells respectively; they were probably not grazed because they were 'distasteful’ as
are several of the Cyanophyceae (Ostrofsky et al. 1983), rather than because the
cells were too large. Results of the current study concur with those of Weers and
Zaret (1975) and Porter (1072) for the Cyanophyceae. Arnold (i97l) reporuﬁ that

ingestion, assimilation, survivorship and’ reproduction of Daphnia pulez feeding on

the Cyanyphyceae were lower than in those feeding on the Chlorophycdae.

Therefore it seems likely that macrograzers would selget against g;?'uing n the
. v g

Cyanophyceae within natural phytoplankton assemblages when other

food items were available. \




Physical effects of on Ceratium hirundinell (
Full-sized Ceratium hirundinella were too large to pass through the 125 ym
net. This fact and the delayed occurrence in the chambers indicate that the source
N > 4
in the chambers must have been a smaller life history stage. Gymnodinoid
S\Varrﬁers, ‘which escape from gerrﬁinuting cysts and then develop into the
'pr;aceratium' phase in which the typical shape and elaborate system of plate; are
gradually acquired (Fritsch 1948), were probably the source of C. hirundinella in
the chambers. Results of the present study suggest that the swarmer stage may

have been d by Bosmina longispina and dep d the density of

adult il ion of C. hirundinella in the grazed outer compartment.
It is also evident $hat as a result of containment C. hirundinella did not reach
X A
densities as high as those in the lake water. This suggests that the chambers were

boptimal envi for C. hirundinella, although, C. hirundinell adulu/\

‘were initially excluded by the 125 um mesh net. Swarmers of C. hirundinella
.

seem to be a vulnerable life history stage in the presence of B. longispina.

Ghemical effects of g

Chemical effects of the macrograzers were most, clearly shown in the detailed
-analysis of responses of individual species. The current study provided some
evidence of augmentation of densities among specific desmid taxa, in particular the

larger Arthrodesmus spp. (A. subulatus and A. triangularis) and also Teilingia
’ 5

" granulata. A few individual taxa of the CI (Selenast
Ankistrodesmus spp, , Chlorella vulgaris autospores, and microflegellates) also

\ . 7, . .
- ‘showed augmentation of densities in-the presence of macrograzer metabolites.

Most of the diatom densities were eitlfer unaffected or augmented by




.

macrograzer meubolitel‘. Densities of Tab;llaﬁu Jenestrata and Synadra sp. were

by Bosmina longispii ol . . .

. i

Densities of two of tl;e Chrylophyc&z (Uroglena volvoz, Dinobryon
sertularia e;lh and empty loricas) were augmented by the macrograzer

metabalites. In this case, the empty loricas may have resulted from the production

of swarmers without previous division (Fritsch 1948). Reproduction may have

been enhanced and so D. sertularia densities increased. Lehman and Sandgren
(1985) stated that some of the discrepancy they encountered between their
enclosure and lake water samples might be explained by increased rates of cyst

pi ion by enclosed populations, or ively by recruitment of excysting

cells ino the lake plankton. S

Uroglena voliioz, as well as Tabellaria fenestrata var. lacustris and :S‘ynedm

sp. densities were augmented by.Bosmina longispina metabolites. This is

considerably I‘ev;rer taxa than were ented by 1 bolites from Di

minutus. D. minutus may damage more algal cells, which are then lost from the

assemblage of live cells, during feeding than B. longispina. Degradation of

metabolites prior to release m;y be less advanced in B. longispina than in D.

minutus, and so

~
released by \'_ ispina may not be as readily
available as nutrients to the other phﬁoplmkwn. There may be some basic
biochemical difference in the nature of the metabolites released by the two .

3
Diff in gl dehydrog: activity amopg marine

zooplankton were reported by King el al. (1987). They found that glutamate

se activity of mi (35 - 153 um) was considerably lower

than for the lankton (> 153 um), i ll‘l’( i lank




made oniy a small contribution (1-11'%)of i!:e totsl ammonium regenerated in
"\ the Gulf of Maine. '
\

'
. The density of Microcysti ginosa (Cyanophy ) was d by

- Diap minutus i Although Microcystis aeruginosa never reached
bloom densities during the experiments, perhaps under natural conditions

may contribute to envi 1 diti

macrograzer

suitable for the initiation of blooms.

v S
The chemical effects of macrograzers on phytoplankton should be studied in -
conjunction with chemical analysis of water samples for quantification of carbon

dioxide and the important i ic phy! ot and with q

and quantitative biochemical analysis of organic ;noleculesb (e.g. , amino acids) in

_ the water sélnples. Such a study wa\!l_d be expensive, due to the precision required
“to detect the smxlllquéntities’o[ the chemicals involvea; nevertheless, it would be
worthwhile even if it were only done for a few of the dissolved macrograzér

- metabolites.

. Chemical effects of macrograzers make a significant contribution to organic
matter in thé water which may then be used by the phytoplankton asselhblage.

Lampért (1978), for example, reported that up to 17 % of the algal carbon ingested
pl p &

was initially )st as dissolved organic carbon (D.O.C.) from algae damaged during

feeding. Additional D.O.C. was produced by secretion from Daphnia and by

leaching from their faeces. Jo (1987) d that degradation of
. ‘
- phytoplankton célls can be a major contributor of dissolved free amino acids in
natural waters. Small releases of dissolved organic matter and dissolved free

amino acids such as referred to above, i.e. , the chemical effects of macrograzers,
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may be important to phytoplankton under conditions of nutrient limitation.

Micrt;gru‘n.g
The desmid densities were augmented in the presence of microg'ruers.during
the current study. This suggests that they were not significantly micrograzed.
Micrgg'razers were very specific in their effects on the Chlorophyceae, to the extent
of having opposite effects on Chlorella vulgaris autospores and C: vulgaris cells.
Micrograzer effects resulted ‘either directly through their grazing activities or

indirectly via interspecific phy toplankton competition (i.c., a bioloi 1 effect).

/Thz micrograzers showed patchy distributions which is lik:ly to have i.mportant(

implications in terms of their grazing effects in the lake.:

Generally the diatoms were augmented in the presence of m)crogmzm, »
however, Tubefl[,«na jzneslmta var. lacustris densfties were depressed Suttle ct ’
al (1936) reported that heterotropluc Diflagellates [wlnch may be considered
mm;ogrnzers] were fréquently observed to fe:; on much larger (40- 84 umlong)
pennate diatoms by engulfing’ the entire cell, digesting the contents and egesting
the empty frustule. There was no evidence of similar occurrencés in the'prfsent

study.

. Sbeciﬂc effects of the different mi; on ph 1 d by

+ the present study may,_ be consequences of micrograzer food selection such,as shown
by Skogstad et al. (1987), who reported that diatoms were excellent food for only
one of the fjve ciliates they studied. The chrysophycean taxa were little affected
by micrograzing in the present study.l Most of these taxa were comparatively

large, flagellated cells, and weré unlikely to be suitable as food items for the




micrograzers. Densities of several of the cyanophy q-évm
micrograzing, while others were unaffected. This lu“uif that the Cyanophycese

were not micrograzed in spite of their small cell size; they were probably avoided

by both micrograzers and macrograzers for sitmilar reasons.

Allelopathy
Some of the experimental observations may have been the consequence of
allelopathic interactions, however such interactions among phytoplankton were not
examined in the present study. The experimental chambers used in the study
would lend themselves to an investigation of allelopathic interactions belween
' phytupllni;ton monocultures, deployed in one of the compartments, and intact
phytoplankton assemblages.

for phy ecology

Aquatic grazing has not previously b-een investigated in terms of separate
physical and chemical effects simultaneously in s single study. Harper (1677)
pointed out that, while the influence of grazing on terrestrial plants was in p:u-l.
due to defoliation, trampling -nnd the deposition of dung and urine were also
important. in the aquatic environment the different effects of grazers are usually
indistingnis_hable; under cnefuily arranged experimental conditions as in this

study, they may be separated.

This study d d that can have signifi physical and

. chemical effects on _phytupi;nklnn assemblages, although chernical effects are loss
readily detected than physical effects. This may be due to a time lag in the

of

T3 bolites to phytoplankton. Physical and chemical




. organic and inorganic nutrients. Grazing is very important in determining the

eﬂeengsoften duced distingtly different v, from i dividi V" phyte
taxa. Physical effects of macrograzers i;l;rolve consumption of who.;e
phytoplankton cells or colonies, or parts thereof, while chemical effecis may
involve augmentation of phytoplankton densities or possible inhibition of
phytoplankton growth. Thus physical and chemical effects of macrograzers on
phytoplamkton as\semblag& would be expected to be different. Further study of
the physical and chemical effects ot_‘ macrograzers on desmids within natural ’

phytoplankton assemblages dominated by desmids would be worthwhile. ~

Various micrograzing effects on phytoplankton asse;nblages were
demonstrated in this study. The ecological in}pact of microg;'azers may be much
gn;ater than is cur’rently appreciated. It is hard to assess their impact in .a. natural
setting, since the numbers of micrograzers tend to be suppressed in the presence of

rs, especially in studies. Examination of the effects of

)
on phy! kton would elucidate the

potential impact of specific micrograzers.
Results of the current study lend some support to the suggestion by Gliwicz .
(1975) that grazing may keep phytoplankton (¢,g. , Chlorophyceae) in the

exponential growth phase by ing iall cells and

relative ibutions of dil‘l‘ex‘len'. phyto lankton species within assemblages, as
displayed by the present study. Huéch}nson (1061) discussed "the paradox of the
plankton®, and suggested that predation should permit some diversification of both
’prednmr and prey within a habitat. Grazing may be considered as a form of

predation, with plants as the prey items. The results of the. present study show
yo g

o




that many phy&ophnkm:: taxa wnthm assemblages are influenced by the phyllcll
e"ect.! inacrograzers, the chemical effects of macrograzer meubohtu and
mlcmgruer effects. The extent to which the individual phywphnkton taxa are

influenced by grazing effects depends on many factors, including season and initial

phytoplankton densities. Thus mi ing and ing effects y
i

to the h ity of the planktoni i and to an

explanation of *the puragex\ol the plankton®.
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“Appendix A: Identification and classification of phytoplankton

The overall classification used'follows that of Smith (1850). Phytoplankton

encountered and identified were trom ﬁfré phyla (with reference to keys

parerthesized): Chlal%hyéa (Prescott 1962, 1079; Smith 1977), Clirysophyta
(Kristiansen 1959), Cryptophyta (inc}udes Bacillariophyceae) (]vs_oyer_1927;‘Hustedt
1923; Meister 1012; Patrick and Reimer 1966), Cyanophyta (Drouet 1059; Prescott
| 19062; 1079) and Pyrrhophyta (Prescott 1062, 1079) (Table 24).

. L

Table 24: Phy‘toplnnkton.clissiﬁcation
.

v -
- CHLOROPHYTA . s
Chlorophyceae 2 v
Chlorococéales .
by Oocystaceae
% Ankistrodesmug spp. Corda
Chlorella ellipsoidea Gerneck ~
" Chlorella vulgaris Beyerinck
Kirchneriella contorta (Schmidle) Bohlin
€3 ) Quadrigula lacustris (Chod.) G.M. Smith
) Selenastrum minutum (Nigeli) Collins
Selenastrum westii G.M. Smith ~
Micractiniaceae S -
- Acanthosph hariasi L .
Golenkinia paucispina West and West
Golenkinia radiata (Chod.) Wille #
. * Tetrasporales .
. Coccomyxaceae .
. coL Elakatothriz gelatinosa Wille
. @ U7 " " Scenedesmacese
: * . Crucigenia letrapedia (Kirch.) West and West. b
o Scenedesmus bijuga (Turp.) Lagerheim ¥
[ o Ulvales .

Ulvaceae v A
Enteromorpha intestinalis (L.) Grev.

Pl i




i

Volvocales
Chlamydomonadaceae
Chlamydomonas globosa Snow

CHLOROPHYTA

‘ ' .
CRYPTOPHYTA

Zygnemaphyceae
ZLg'nemntal-
Damldmceu *
gens Ehrenb:
incus (De isson) Hassell
Arthrodesmds Ralfsii W. West
Arthrodesmus-subulatus Kiitzing .
hrode iangularis yar. a
(Raciborski) comb. nov.
Cloaterium sp. Nitzsch
Cosmarium reni forme (Ralfs) Arch.
Euastrum sp. Ehrenberg (emend. Ralfs)
. Micrasterias sp. Agardh
Spondylosium planum (Wolle)
Staurastrum paradozum Meyen
Staurodesmus spp. Teiling
szlmgm granulata (Roy et Biss) Bourelly
Mesotaeniaceae
Gonatozygon pilosum Wolle
Mesotaenium sp,Nigeli
Zygnemataceae
Spirogyra sp. Link
»

Cryptophyceae |
Cryptomonadales
Cryptochrysidaceae
Rhodomonas ovalis Nygnard
Cryptomonadaceae
‘Cryptomonas sp. Ehrenberg

Cl [SOPHYTA

acillariophyceae - \
Centrales .
Coscinodiscaceae |
Cyclotella bodanica Kiitzing 1
Melosira varians Agardh




Pennales ’ - =
. Cymbellaceae A
Cymbella sp. Agardh’
- Gomphonema spp. Agardh
Eunotiaceae
Eunotia spp. Ehrenberg .
Fragilariaceae -
Aalmanzlla formosa var. ur. formosa Hass. :
i Jormosa var. gracillima (Hantz.) Grun
Dmtoma sp. Bory nom. cona. non. Loureiro i
Semiorbis hemicyclis Ehrenberg Patrick comb.
nov. var. hemicyclus
-~ Synedra spp. Ebrenberg
- Tabellaria fenestrata var. lacustris Meister
Tabgllaria flocculosa var. flocculosa (Roth) Kiitzing
Naviculsbeae
Frustulia rhomboides (Ehrenberg) Cleve
Navicula spp. Bory
» Pinnularia sp. Ehrenberg nom. cons.
Stauroneis sp. Ehrenberg :
’ Nitzschiaceae
Nitzschia spp. Grun

.

‘§ Surirellaceae
Cymatopleura solea var. regula Grun.
Surirella sp. Turpin (probably Surirelia ovalis Bréb )

CHRYSOPHYTA :
Chrysophyceae €y F t
Chrysomonadales R N ~

Syncryptaceae i

Syncrypta volvoz Ehrenberg
N Ochromonadales
L Dmobrya,cene

- Dinobryon bavaricum Imhof
" Dinobryon sertularia Ehrenberg

Qchromonma“eae

L] Urogleha volugz Ehrenberg

CYANOPHYTA
Cyanophyceae
“Chroocaccales
Chmococug‘ae
Aphnnnlluca stagnina (Spreng)
(A thece braun in R
L4 Chroonoccua minulus (Kutzmg) Nigeli




- .~ Chroococeus lumdn (Kiitzing) Nngeh
: . Coelosphaerium kuetzingianum /Nnxeh
Gloeocapsa punctata Nigeli A
Gloeothece linearis Nageli E =
Gloeothece rupestria (Lyn; ) Barnet in anock and
Nordstedt
Microcystis aeruginosa Kiitzing
 Meri, di issima

Oscillatoriales *
Nostocaceae " * 5
Anabaena oscillarioides Bory
Nostoc sp. Vaucher (chain form)
1 Oscillatoriaceae
Lyngbya taylorii Drouet nnd Stnckland in Stnckhnd
_. Oscillatoria sp. Vnucher
PYRRHOPHYTA
Dinophyceae
Peridinales
Ceratiaceae !,
Ceratium hirundinelle’ (O.F: Mull) Du]ardln

MISCELLANEOUS PHYTOPLANKTON
microfilaments’
ribbed autospore .

Notes on phytoplankton identi\ﬁcltlons g Y

/Arthrodesmus Ehrenberg. . L i /

Teiling (1948) erected the genus Staurodesmus to include’the genus

Arthrodesmus and those forms of Staurastrum typilied by the possessign ofa-’

single spine, or papillea at’each angle, of each Semicell, The references used to

identify the desmids found in the present study (Bourrelly, 1966; Prescott 1962,

5 &
. 1979; Sm'{th 1977) still use the genus Artllmdeav}ma and so its' usé has been

maintained in this slfuéy.
Chroococcus turgidus CELN ‘
* . ‘e

Spetimens of Chroococcus lu}gidua from Hogan's Pond were small (cell




lengths about 8.75 um md;ell widths 2.5 - 2.75 um compared with sizes
mentioned by Prescott (19‘52)‘ . Pres‘colt (1962) régarded Chroococcus ﬁpan'um.ns
a variety maximum of C. furgidus. The C. turgidus specimens from Hdgan’l
Pond may be considered variety minima.

IRibbed* chrysophyte

This taxon' was initially identified as a *"ribbed autospore® because of the”

" similarity the specimens showed-in cellular organisation with Chlorella vulgaris

autospores. Professor F.R. Round (University of Bristol, personal comﬁunicaﬁon)

and Dr. C.M. Happey-Wood (University College of North Wales, personal

) d that the

might belong to the Chrysophyceae. .
Reference to Bourrelly (1968), which deals with this group thoroughly, neith;r
c‘on!irrn'ed nor refuted this suggestion. -
Syncrypla volvoz

Individual cells of this colonial chrysophycean from Hogan’s Pond were
usually 4 - 6 um in length and each equipped with two flagella. Colonies were
about 14 ym in diameter. Cells of‘ the genus Syncrypla have smooth membranes in
contrast to members of the genus Sgnura whichﬁi;ve short spines or vap/iculaﬁons
formed by_scz]es on the’membran& These two gene{n are sometimes difficult to
distinguisil.
Teilingia granulata -« .

Reference was ‘made to Forster (1970) in the identification of Teilingia

granulata, which provided a more detailed illustration than the north-american

texts.
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" Appendix B: MANOVA results N

.

Table 25: MANOVA results for :axs\in experiment 1.

Source'of variation: Grazing treatment -
X ’ ' ’ by date Comparisons overall
. ' d.f. F sign. 4. F sign. '
3 Anabaena oscillarioides 5 0.27 n.s. o =
i 4. oscillarioides filaments 5 0.25 n.s. =S -
Ankietrﬂd.esmus 8pp. 2 2.14 * . 4 3.83 *‘* :
Arthrodesmus convergens 5 4,71 *k . :
Arthrodesmus incus 8 1.08 nls.' - )
' “arthrodesmus ralfsii 10 1.85 n.s. 4 2.26 n.s.
A. ralfsii empty A 1.92 n.s. -
" A. ralfeii juveniles 5 1.58 n.s. -
Arthrodesmus subulatus 8  2.82 & 2,96 %
Arthrodesus triangularis  © 5 3.48 * - ¥
Arthrodesmus spp. 10 5.4y w04 87w "k
Asterionella formosa 10 © 1.33 n.s. 4 1.59 n.s.
A. formosa 'c-oxonua 10 1.25 ‘ns. 4 .40 n.s. o
L‘hlar;ydamanas globosa 9 0.68 n.s. 4 0.98 n.s.
; Chlorella ellipsoidea 10 4.05 * 4 170 .8\
Chlovella vulgaris 10 4.38 w 4 2,62 %

Key: d.f. degrees of freedom,F F-value, sign. statistical
significance,” #* significant at 0.0 probability, * significant at'0.05
probability, n.s. not significant, - non-estimable.

Cells are the morphological unit used unless othervise 1ndil:ated. ¥




b " Table 25: ,
g ( Continued... ' o "
' t;razing treatment . " A
2 by date o Comparisons overall | .
C A F osig. df. P sigh. .
Chiorella vulgaris autospores 1O 3.01< *x 4 2.65 * b N
Chroococous turgidus colonies 10  9.75 % 4 372wk
Closteriun sp. 5 153 ns. w S I
Chotosatia bodanton 6 0.62 mns. - .
Cymbella sp. .6 072 ns. -
Diatoma sp. 6 .0.61 n.s. -
Dinobryon bavaricun 5 % 4,02 ** ’ -
J D. bavaricum colonies s 407 = . |
‘ D. bavaricwn empty cells 7 1619 #x 4 20,20 W
. Dinobryon sertularia 5 478 A -
oo , D. sertularia colonies 5 4.00 % - d
y D. sertularia empty' cells 7 1.00 n.s. -
/{ Elakatothriz gelatinosa 4 2,28 n.s. - .
3 Enteromorpha intestinalis 6 9.77 =
Eunotia spp. ' X 4 245 n.s. -
Filanentous chiorophytean 8 40.13 4 62,37 w
> « Frustulia rhomboides 5 . 0.3 ms. -

Green microflagellates 8 3.03 L 4 4,65 %



Continued...

it . Grazing treatment
by date Comparisons ovetall
e . N M. P osign. duf P sig
i ¢ \ .
L Gloeocapsa punctata colonjes 8 | 1.02 n.s. = v
Gloeothece linearis 8 5.91% #x 4 1.53 ‘n.s. :
) Golenkinid radiata T e, 0L ns. 5 o /
Gomphonama spp. 4 048 . - -
Lyngbya taylorii 4 0.62 n.s. % -
N Mesntfzenium sp. N 10 2:31 % 4 0.35 u.s.
: _ Micrasterias sp. i 1 0.33 n.s. - . 2
Microcystis aeruginosa 9 23,15 %% 4 36.92 w
M. aeruginosa colonies 9 27.82 4 52,68 * . ]
Navicula spp. 10 1.31 n.s. & 0.21 n.s. i
Nitzschia spp. 6 146 n.s. .-
i » Quadrigula lacustris 8 2‘52 * 4 2’.81 * R "v
~ "Ribbed" chrysophycean . f 4 3.37 * oy K ,“
s::enedea% bijuga 5 1.23 n.s. - , d
S. bijuga colonies 5 115 n.s. TR
. Selenastrum ninutun 8 371 4
Selenastrun vestii 8 0.79 n.s. 4
Spondyloatun plamn 9 0.66 mn.s. 4
- - ' N
‘ ¢




Table 25:

Continued. ..,

- Spondylosiun planum £ilaments
Staurodesmus év‘

Stauroneis sp.
N 2 pbxedm spp. .

~ Synerypta volvox

A A Tabellaria fenestrata

T. fenestrata colonies

T, fenestrata empty cells

T. femestrata empty colonies
“Tabellm*in ﬂvccu*a

T. florculosa colonies
Teilingia granulata

7. granulata filaments

U. volvozx

N
Grazing treatment

by date
d.f. F sign.
) -
9 0.63 n.s.
510,19k
4 1.00 n.s.
10 1072
s o2«
10 1450 n.s.
10 1.\19 n3.
10 x.99‘( *
100 3.2 #
6 0.5 n.s.
6 ..0.51 n.s.
8 2.63 *
8 2.1l n.s.
10 216 *

Comparisons ovetall

d.f.— F

& 2.16
4 1.25
4 1.16
4 0.20
4 0.28
4 2.95
4 2.48
4 3.88

sigm

n.s.

n.s.

n.s.

n.s.




Source of variation: ' szing creatment Ty @ 5

? by date ‘ Conparfsons .ovérall. "
’ ' ! . df. F osign. . F sign.
S ) )

5 N . . ’ X
Anabaena oseillarioides 7 0.76 n.s. 4 0.48 ms. -
A oe;:ium'vim:aeg filaments 7 z,oo‘ nes. 4 -Tas me. ‘
Ankistrodesmus sypy - P T
Arthrodesrus incus 8 3.55  #x L ;.sa _n.s.

4. inous eapty cells 5105 et 4 092 na
Avthrodesmus subulatus Te sl w4t 303 4
A. subulatus juveniles 4 1.28 n.s. . \.

U Arthrodesmus triangularis 9 1529 k. 4 1180 ¥ ’
A. triangularis empty cells 8 0.51 'n.s. 4 0.70 m.s. - '
4. triangularie juveniles 8 4.03 k% 4 2..0_5 o
Arthrodesmus Sbp. 9 1802 . 4 2169 e
Asterionella formosa 8 2.51 % /4 L3 nes.
Ceratium hirundinella 6 0.88 m.s. 4 0.54 np.s.
Chlamydomonas globosa 8 2.23 * 4 173 ns
Chlorella ellipsoidea 9 1L.42 412
Chlorsila vilgasie 9 15,09 W PRI

¥
Key: d.f. degrees of fréedom, F F-velue, sign. statistical

* significance, *% significant.at 0.01 probability, * significant
probability, n.s. not significant, - non-estimable, i
“Cells are the morphological unit used unless oehgmxse indicated.
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Continued...’
) . Wos

S : i
Grazing treathent

chioretia vulgaris adtospores

. Chrodescous minutus. . . . 5 777w B ow e
S Chwoococcus turfidus colonies 9 4,69+ 4
L'oewughaez:ﬁianrk;lgfzirlgig)lwn 8 627 w4
- " < Dinobryon aewtularis’ o 8 .1:05 n.s. 4 )
" D. sertularia empty cells”' 4 '0._76" n.s‘v S~ = )
: | Blakgrothriz golatinosa . . 40 Lo ms. o e ‘
‘ . Biteroworpha intestinalis -6 1.87 dus. i, 5,56 s,
d Bt i ” L4 q.;o Hed 2 o =
Filanentous shistophycesn - U RT “‘~§ : s $
Frusgtia rhomboides 4 367 e -
. Green nicroflagellates 9 9.00 %k 4 13,64 %k
e Gloedompsa punctata cojonies 9 186 n.s.. 4 2.3 ns.

Glaeothece "linedris

Gomphonema spp.  © -

Lyngbya taylorii
\ Mesotagnium sp. 2 vu

% ;
Golenkinia vadidta .




M ~

M%arocyatis ;;ruginasa
M.\ aeruginosa colonies
Navicula spp.
) ’\Mmcgi'a spp.
Hoatoi{ spt 8 v
% Npayq; up;‘chiin; y
*Guadriputa Gaietris
: "uhbad".chryu.ophyl:\e‘lﬁ‘
Scenedesmus bijuga.
5. bijuga 9;1onf:es S
Selenastrum minutun”
Semiorbis ;nrit;yqlun
Spondylosiun planum
'S. plamm £ilasents
. Gt
«Syniédfia spp. )
Malln}ia fenestrata
| ./fenestrata

& _ Continued...

Grazihg treatment

. by date
——d.f. F _sign.

9 8.68

9., 10.46

*x

*x

8 0.95 n.s.,

4 0.93 n.s.

4 2175

4o 22.3% e

*k

9 -1.60 n.s. .

S . 2109w
5. _0.59 als.
) 0359 _n.s.
5 _io.sx o

4 ©0.81 n.s.

8 47

&£ b9
4 " 6.8 "
'

9 23,52

2.81

¢

87 - 3.4 .

~
4 4.84 b
4 7.52 b
n.s.

Comparisons overall

d.f. F  signi




Tabellaria fénestrata: empty
., ‘cells
Tabellaria flocculosa
T. flocculosa .cvlunizs
© I flocculosa empty cells’

" Teitingia granulata

T. granulata filaments - -

Gtazing treatment

by date

d.f. F sign.

"8

£

~ 047 n.s.

0.53 n.s.
0.60 f.s.
0.85 L.
7.95, ik

11.32°

< ”
4 T.14 - e

4N 10,32 Vax




Table' 27:- - KAROVA results for taxa in experiment 3.

. o e
i - 3 v i
“q o e
_ Source of variation: L Grazing treatment L LI
& 2% & by date Comparisons overall's. e
d.f. F osign.. \¢ £ F st
Anabaena oscillavioides 9 0469 ms. 4 QS ‘ns.,
A oseillarivides filaments 9~ 0.68 n.s. 4 031 n.s. o

unkiaerademué\ sp'p." H 2 C Gy Bt
Aphamthxce aéagnmz -j Coa -4 "
vthrodestus inus 7, & .«,9.' X
* Arthrodssmus subulatus 7 =
v Arthrodesmus wrl;lgularl;a 9 ;. 4 159 | s i
©t Al triongularis emptycells  :9 ‘L83 -ns. 4 286 % r
4. trionguldpis jwveniles 4 Q.41 m.s. ) S
- Arﬂmadam oo ’ P! 9. 397 * TS n_.t.’ # =
‘Asterionella formosa 8 1.85 nus. . Nt iAE we. 0 R
A. fomoea colonies ) 8 2.3 xe ' 4 182 n.s. . C
% baratiun hirundinella . 9 . 5.53 %k 6 Taas m g :
E‘fnzmn;dorﬁqma globosa _‘_ a7 045 mes. .. = .
. Chiorella eltipaoidea 9 431 . W 4. 2.40 nea. :

Key: d.f. degrees.of freeqom, F F—’Vlllm -sign.’ statistical
significance, ** significant at 0,01 probab{l1ey, * algu.fiunt at 0.05

'+ .probabilif n.s. NOt 8: cant, - non:
Beiie are the mrphahu’?h o “hsed"wal




. Grazing treatment . \

by date . - -¢"  _Comparisons overall *
. 5t o S wEDF velmc WA P et
‘ . A - % ~‘§‘v S ; . v "
Chlovella vulgaris T4 f9r wmae w4 1glos k)
C. vulgaris autospores 9 - 200 *x 7 4 1637 nes

Chioococcus turgidus ‘colonies 9°  .3.98 .k

“Crucigenia tetrapedia f + 7 -0.33
3 s

Didtoma ‘sp.” %
“Dinobryon bayaricun

D. bavaricum empty cells

4 o Dvinobxgn/on sertularia - 8
: ) D. ssrt’ulu'x'v%a empty cells | e

3 * Elakatothviz gelatinosa ns.
i . FLlameanj} tchlorophycear w

C o Pubniia vhonides X 1 009 ma.  C S0 A
. Green microflagellates =+ | 9 © 8.37 o 28 % !

1y # B
. Gloeocapsa punctata, colonles 9 6,32 *%

- Gloeothéee linearis __ 8 G o geal

S

~Glozothis

ce rupestris e o1




N7 Mesotaenium sp,

! i i

. . Golenkinia paucispina -

Golenkinia radiata
Gomphonema pp.
Yha M;éamped‘i

© ‘M. “tenuissima colonies

tenuissima

Microcystis: aeruginosa .
'\ M. aeruginosa .. = ety
- Navicula spp.' -

- “Witaschia spp. .

Grazing treatment * v

by date

d.f. F sign.

7 0.8l gp.s.
e
6 . '0.6I n.s.

1 0.76. n.s..
8.  1.22 n.s.
: L
8 136 n.s.

7. 2,87 %

5

8 1.7 n.s.
. B

©9 ' 186 ns.

4 2.75 a.s.

B

Comparisons overall

d.f.  F_ signa
i 1
g
4 0.27 n.s. | "
3 ]

® " Nostoe sp.
Nostoc sp. ;:hainsl :
Filaria op. -
Quadrigula lacustris .
"Ribbed" chrysophycean
" Sensdosnus .blijuga colontes

" Sélenastrum misutun ¥

. Spondylogiun planim

1 - 0:60 n.s.

1 - 0.59 n.s.

\, 5 :
1N 040 s

9 v 473 kR

7 .'1‘\0.25'? BN

71605 hus

8 c5.23 &K

8 " 2,95 .&k

1
4 230 %
4 0.98 «.s.
4 a2 ok




Table27: ¢

Continued.:.

‘) 4 > . By % :
s - - by date
T / 3 " di®
. a . nE
< - Spondylosiun plaggn filaments 8 3.57
B ,\ ' Syngdra spp.” N 9 2,58
% Y zv«u'u&;é fenestrata * 9 . 11.08
5 7. fensotrata colgntes T o9 13
g " 7. fmaémta empty cells © e e
i 1. " Fenatraticupty, cnloniau 9 12,98 4
"\’zzwe ) Flocculosa” - “ ) 9 0.53
F: = . T. flocoulosa &muu < ) 0.57
L e x floecubaaelptycd_h: 9T 104
—r—flocculovasapEy ls’ .52
Teilingid gramtata . 9. 5.1
I. gramlata filaments = 9 - 5,09
. " " U. volvoz ) 9 ¥ 3.47

w et .

Grazing treatment

sign.

.nis.

n.s
22
n.s.
s,

*k,

o

o

**

'¥~

Comparisons overall”
& - X
d4.£.

siga..




-Table-28: Percentage of sigtificant F, nlnu Tor MANOVA- wma rupm
V4 e % .mh sxpuﬂmenl : e
. . S P

L Experiment A 27" Experiment N ;
, — Number * ~  Number | \ Number -
; . # P 1 5 5 ;
Cases: 68 /o0 % 50 100% 65  10% s
! & ! - . *
Cases with significant )
- F values for treatment * . » - = R
by date: - 31 46 % 34 .58% 29 45 %
Cases witli sign f'cant oy IS T
T values for complmsons o . & E . .
; cverall ; . 15 22\?« - 18 31% 22 34 %
Taa S cay 100%. 4 100% 45 100%
s , o X 5 -
5 Taxa with lgn'l'icant P .
F valués.fc a',ment : . s .
- by date: 24 49% % 62% 20 4%
A  Taxa with significant T ' ’ ECa™
4 " F values for compansons . . . .
L overall: 5 ¢ ‘_ 12 2% - 12 20% 15 3%
. e — — - - |

Ea _/ Cases included the dlrl‘erenz morphol ical and life history stages of each
S~ taxon separately in this analysis; taxan this analysis constituted only . ¥
_taxonomically distinet entities, e.g. , Chlorella vulgaris cells and -
'auwspores were considered 23 two cases bnt on]y one taxon m the malysls

The probablhty of all the compmsons overall for each case was determmed
: nfter the mdlvldllal comparisons had been made The percentages of slgmhcant F

va]uesd%own in (Table 28).are well above the 5 % level and therefore the -

e MANOVAs can be considered statistically acceptable with respect to each

expenment The complexxty and quantity of data mvolved prevented lhgse results

from Being obtatnedinor diFsetly, i, wmun the MANOVAs. - .

S




Appendfx C- Ligbt and ‘mpernture dnta
N Secchl dnsc depth pmvnd d'an mdmnuon of the depl.h of llghl penetrutmn

/and themfore the depth of the{euph,onc mne, which is typlcally atlmated s 3
|
tll'nes the Secc]u dépth (Round {084). The euphohc zong,extended beyond the

(

. botbom deptlx of most-of Hogan'’s Pond throughout the expenments 1Table 29)

{ : <
Tnblq 20:  Secchi relﬂings and Sloud cover during the experimeuts.
7 . . SN | . ,
y " . - Experiment Date |, Seechi - Depthof '+ Clodd
. depth (m) euphotic cover
P v . Bt .. zone (m) - in eighths
5 1. B 5 .
10 210 35 350 - - 10.50"
e C0 T agose -g5\2 [ 175 5.25
4 e 20-05-85 | 375 1195 *
awos-gs . - -
31-05-85 | . 450 13.50
. 03-06-85 .\ 375 11,25
T 06-06-85 | ..210 * - .° 630 o
i LA 5 " g2
h 2 < 925-06-85 2= ke SN
s 27.06-85 . 500. ' - 15.00
20-06-85 350 1050
. 01-07-85; . * 1600 - 1800 -
: . 03-07-85 . , 350 . 1050 .
05-07-85 640 ' ‘19.20 P b
3 150785 - 450 — ‘Bso
- ) '\ T2 160783 350 -
R ) Lo 18-07-85 €50
P i & 20-07-85 -"4.10
| © 920785 375
N -07-85 425
. 26-07-85 250

s 28-07-85 e .




nmount of sunhght renclnng the site. Cld‘sd cover was veeramble chroughout v,-

the expenments n.lthough it shQ\lld be noted that no very cloudy day was recorded ~ +

urmg expenm!ﬂf 2 (’l’able

The first expenment was condu?’ed shortly al’ter ice break-up whxch

: well wlthm the euphohc :pne Cloud cover provides an inverse estlmnte of the'

20).

-

7

occurred between 22nd “April and 6th May; the lake became ice free soon after the

laner date. Temperatures were not sxgmﬂcantly variable during the experiments

(Table 30 and Figure 5).

19.5-20.5

‘Table 30: Temperature ranges (°C) during ea“ch experiment.
A .
i [ -
g - 15
‘Experiment Air Surface " | Inper .
' P - awater " .compartment
' . W 5 z
1’ 11.0 - 15.8 9. 145 -~ 11.0 - 14.0~ 5 ’
v
2 140 - 280. 15.0 - 20.0 140-185
_105-280 ’

Isolated péaks, parncularly for air t@mpexatures (Figure 5)’l-eﬂect the

‘dynamic natuxe of the local climate. Air temperature showed a marked “increase

on.3rd July which wns followed by an incredse in water t_emperatures. Water .

temperatures were less vérinmﬁ:ﬁ?ﬁ; te}xi;;ér;iture; during experiments 2 and 3.

r




d516 18 .20 22 2% 2
._ wadl .

Graphs of air (o-—d, surfoce water (o—),and _inner
compartment water fo---4 temperatures ¥ 0.25'C
durmg the three expenments




e
d-and lake water

phytoplankton densities

Table 31: "Micrograzed i inner eompartment and lake wnt;r mean dansl!«xes
& pared for the individual taxa of the Z
the Chlorophy and the Cryptoph Lae species.

i s b
) Taxa . Expt. 1. Expt. 2 Expt.3 A

Zygnemaphyceae (desmids)

Arthrodesmus spp. . L o
Arthrodesmus convergens
Arthrodesmus incus
Arthrodesmus subulatus
“Arthrodesmus triangularis’.

+ A. {riangularis juveniles -
Mesotaenium sp.
Staurodesmus sp.
Spondylosium planum
Tmlmgm granulata = b + P

£
+++
I

Chlorcphyceu
~ Anlmlrudesmua spp ¥ =
Chlamydamonu globosa *
Chlorella ellipsoidea . B
\_‘gf:;rella vulgaris cells =
tgaris autospores - - "
Enteromorpha intestinalis ¥
Quadrigulalacustris
"'Sele*aalmin minutum
N

I

*

**

++
I
-S|

Cryptophyceae * , .
* Microflagellates = = -

*

B éhu no significant difference between MI and LW,
tiull hypothesis Hy: MI= LW accepted;
*:p < 0:05,**:p < 001;
Yoo4i MI>LW,e: MILW. 0 N
1 ) o




P B "”{, it
. ) - . o . .
Table 32: Micrograzed inner compartment and lake wnier mean denmhes ik
* compared for the individual taxa of the Buxl!mophycene (diatoms), "
the Chrysop! ; and the C:; phy | species.
Ll

Taxa - Expt.l -  Expt.2  Expt:3

" Bacilldriophyceae (diatoms)
. L Asterionella Jormosg cells . LA =
« A. formosa colonies . . *

Synedra sp. B ="
Tabellaria fmulrata cﬁlh < L < oy
T. fenéptrata colonies - P LAY

" T. fenéstrdta empty frustules ; X
T: fenestrata colonies A g .
with empty* frustules , Eeia

(]
+

- Chrysophycese . N K o
. 'Dinobryon bataricun cells o
| D. bavaricum colonies I .
' D. bavaricum empty loricas = . L
l . Ditiobryon sertularia cells P
D. sertularia empty Ioncss o h
3 \ ' -Syncrypta volvoz - . "
*Ribbed" chrysophyt.e
v . Uroglena volvoz cells =

g

[}

Cyanophyceae -
Chroococcus turgidus colonies = .
Coelosphaerium kuetzingianum
Glncncapju nctata colonies
Gloeothece linearis =
Microcystis aeruginosa cells b
M. aeruginosa colonies b

|
*
+

o

o
a2

p < 00L +: M > LW, - MI<LW - . L

o o7 B s



- - Table 33: Mlcrogrszed outer comparlment and lake’ water mean densmes
& e N pared for the individual taxa of the Zy

o & - the Chloroph and the Cryptophy N
Taxa | Expt. 1 Expt. 2 Expt. 3 :
5, » 5 :
Zygnemaphyceae (desmidg) "
* Arthrodesmus spp. wo— oy =
Arthrodesmus convergens = e
Arthrodesmus incus = .
Arthrodesmus subulatus = L 53,
- Arthrodesmus triangularis = LAY = -
% A. triangularis juveniles A
. . Mesotaeniumsp. = oo = 7
Staurodesmus sp.
Spondylosium planum * =
. Teilingia yrnrw!ata LY =
X 'Clllomyhyau ) o P
* Ankistrodesmusg spp. = = ' = .
+ Chlsmydomonas-globosa - = . -
Chlorella ellipsoidea -, - 2 oy = &
Chilorella vulgaris cells - 5 Gl = N
C. vulgaris autospores = L =
; & Enteromorpha intestinalis . =
“® L Quadrigula lacustris =
% Selenastrum minutum ® =
Cryptophyceae z
Microflagellates = LE g =

= : no significant,_difference between MO and LW,
null hypothesis Ho: MO = LW accepted;

F *:p <0.05,*:p
o +1 MO'>LW,




N

‘Table 34: chrogrned outer compartment llld lake. vuter mean dennhel

d for the indivi taxa of the
the Ch ‘eae, and the Cy h

j Taxa . Expt. 1 - Expt. 2
illariophyceae (dinl;:m)

Asterionella Jormosa cells =
A: formosa colonies B

Synedra sp. =- o
Tabellaria fenestrata cells »
T. fenestrata colonies *
T. fenesirata empty frustules = =
T. fenestrata colonies :
with empty frustules -

(NN

i )

.
t

»
»
+

Chrysophycese - i .
Dinobryon bavaricum cells =
D. bavaricum colonies
D. bavaricum empty loricas -
Dinobryon sertularia tells
:D. sertularia.empty loricas
' Syncrypta volvoz .

*Ribbed* chrysophyte - = i -
Uroglena volvoz cells Y s

Cyanophyceae
Chroococcus turgidus colonies =
Coelosphaerium lmclnnymnum
. Gloeocapsa punctata colonies .=
Glocothece linearis g =. " i ==
Microcystis aeruginosa cells Sodll =
* M. aeruginosa colonies * 4

in

'
:
T+t

|

o
== : nosignificant difference between MO and LW,
null hypothesis Hy: MO = LW Mcepted

. *1p <0.05,%:p <00y | ;
+: MO >LW,-: MO < LW. o
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