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ABSTRACT

Harmful algal blooms (HAB) with public health imgadhreaten freshwater ecosystems, including
drinking water reservoirs, globally. Subtropicabms are often dominated by filamentous and
colonial cyanobacteria, algae that are potentialtg accessible for consumption by resident meso-
zooplankton grazers. Less understood than selegieging is the role of zooplankton in
regenerating nutrients and facilitating growth tifag with efficient uptake strategies, such as the
toxin-producing cyanobacteriur@ylindrospermopsis raciborskising ~800 L bags suspended in
the upper 3 m of the water column, we examined ghewth of C. raciborskii under four
treatments: 3x ambient zooplankton biomass, 10ylaoéton, 10x zooplankton plus inorganic P
addition and a no amendment control (3Z, 10Z, 10&mtrol, respectively). After 4 day§.
raciborskii relative abundance doubled in the 10Z and 10Z&rtrents compared to the control and
3Z treatments, and after 7 days P addition resuttec?0 % higher relativ€. raciborskiibiomass
compared to other treatments, and an order of matgiincrease in N-fixing phytoplankton. The
particulate C:P ratio declined in the 10Z and 10@€&socosms, indicating that meso-zooplankton
facilitated P transfer to algae. Overall, meso-zaaiton promotedC. raciborskiiabundance and
biomass in this subtropical plankton assemblage tveshort-term, demonstrating their facilitation

of subtropical freshwater HAB formation.

Keywords: Freshwater HABs, cyanobacteria, selective grazingyjent regeneration, copepods.
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INTRODUCTION

Cyanobacteria are a prominent group in many fresmwaanktonic communities, with some
strains forming harmful algal blooms (HABs). Suetxa can have harmful effects through toxin
production, oxygen depletion on decomposition, sigadr smothering of benthic habitats, and
disruption of energy flow through aquatic food webtavens, 2008; Paerl and Huisman, 2008).
Apart from being a threat to potable water suppbxin-producing cyanobacteria remain an
important research priority due to rising conceveraheir increased competitiveness under climate
change (Dauvis et al., 2008; O’'Neil et al., 2011efPand Otten 2013).

Meso-zooplankton play a significant role in aquédied webs, and influence phytoplankton
directly through grazing, and indirectly throughtnent regeneration (Sterner, 1990). While small-
volume laboratory experiments have been valuablassessing the outcomes of herbivore-prey
interactions, including prey choice, stoichiometanstraints and algal defences (DeMott and Van
Donk, 2013),jn situmesocosms (1-3 orders of magnitude larger in vojunw@e closely mimic the
natural variability in aquatic habitats and incaigde a wider spectrum of plankton behaviour, and
can thus more accurately assess cyanobacteriasztaph interactions. Most mesocosm studies to
understand regulation of cyanobacteria by zooptanktave been carried out in temperate lakes
(Sommer and Sommer, 2006). However, patterns ofophgnkton-zooplankton interactions in
tropical and subtropical lakes may deviate fromsthan temperate lakes due to differences in
physical, chemical, and biological characterisfldavens et al., 1996; Low and Ng, 2010). In terms
of the biological characteristics, temperate laggeserally have higher biomass of relatively large
crustacean zooplankton such Baphnia spp whereas this niche is typically filled by smalle
cladocerans or copepods in tropical and subtropalads (Bayly, 1992; Jeppesen et al., 2005;
Sommer and Sommer, 2006; Lacerot et al. 2013). \Walpect to phytoplankton, cyanobacteria
dominance in temperate regions is generally limitedthe summer season by prevailing
temperature, while in the tropics, cyanobacteria daminate year round due to warm water

temperatures, vertical stratification and theirlibbito access light through buoyancy regulation,
3
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which suppresses algal competitors (Lei et al120%ome cyanobacteria (eAnabaenahave the

potential to fix nitrogen (N) and this strategyoals them to alternate between different N sources
when dissolved N is limiting (Briand et al., 20@yrford et al. 2006a). Some cyanobacteria are
also able to grow well under low phosphate conegioins (Branco et al. 1994; Briand et al. 2002)
due to a high phosphate uptake affinity and stoacity for phosphorus (P) relative to other

algal groups (Istvanovics et al. 2000; Shafik e@D1; Aubriot and Bonilla 2012).

In addition to differences between temperate anpid¢al systems, zooplankton interactions
with cyanobacteria may have different outcomes unde nutrient conditions, such that the
indirect benefits of nutrient regeneration are tgedhan the direct negative consequences of
consumption (Persson et al., 1988; Elser et ab0L¥ooplankton may also transfer nutrients to
toxic cyanobacteria with high nutrient affinity thie expense of competing algal species (Mitra and
Flynn, 2006). Furthermore, under nutrient enrichtngnazing losses may be offset by allowing

previously limited phytoplankton to grow faster ({Hwand Matveev, 2005).

Cylindrospermopsis raciborskis a filamentous cyanobacterium which blooms ketaand
reservoirs in the southern and northern hemispimetading Australia (Harris and Baxter, 1996;
Saker et al., 1999; McGregor and Fabbro, 2000)tt5@umerica (Brazil; Bouvy et al., 2001;
Figueredo and Giani, 2009), North America (Chapiwach Schelske, 2008), and Asia (Thailand; Li
et al., 2001). Direct effects dd. raciborskiiabundance due to zooplankton grazing may be modest
based on relatively low clearance rates observesiniall-scale laboratory experiments (Panosso et
al., 2003; Ka et al. 2012; Hong et al., 2013). Hesve copepods cu€. raciborskii filaments,
effectively shortening them to an edible size ftiven zooplankton (Bouvy et al. 2001). In addition,
C. raciborskiis ability to efficiently take up and store P (Psak, 1997), suggests that its
abundance may be affected indirectly by attractingarger proportion of zooplankton-derived

nutrients than co-existing algae.
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In this study, we tested wheth@r raciborskiiin a reservoir dominated by this species would
increase in abundance under two different leveooplankton biomass, and whether additional P
enrichment would stimulate growth of other algaé amduceC. raciborskii relative abundance.
Our hypothesis was that selective zooplankton ggaaind rapid uptake of regenerated nutrients by
C. raciborskii would act synergistically to facilitate its accuation within a natural plankton

assemblage, and that enrichment with P would dsef@araciborskiis competitiveness.

METHOD
Study site and experimental design

The mesocosm experiment was carried out at Lakeshtioe (27.386 °S, 152.597 °E) in southeast
Queensland, Australia, a subtropical, oligotropie®ervoir with 0.50 + 0.08 mgLtotal N (36 + 6
pumol LY and 0.01 + 0.00 mg'ttotal P (~0.3 umol £) across surface and bottom waters (Burford
et al., 200}. The abundance of the toxic cyanobacteriGmraciborskii typically increases in
austral spring and peaks in summer (Burford and cdddhue 2006), so the experiment was
conducted from 19 — 25 January, 2010 wlemaciborskiiabundance was ~ 2.0 x*1€ells mL*
(pre-bloom). The deployment site was in the loweservoir close to the dam wall distant from
littoral macrophytes and in approximately 10 m @ftev. It was therefore considered representative
of pelagic open water planktonic communities wh€reraciborskii can dominate phytoplankton
communities in the summer. The mesocosms consigtetbar 150 pum thick bags (Redblade Pty
Ltd, Albion, Australia) made of 0.5 W x 0.5 D x 3rH polyethylene sheeting with ~800 L capacity.
Each was sealed with a heat sealer at the loweaeddhad its top end sewed onto a square frame,
keeping it open to the atmosphere but cut off ftbesediments. The final configuration involved
fitting four randomly allocated mesocosm bags oatfioating PVC framework for support. On
deployment, bags sat in the upper 3 m of the warer netting was put on top of the frames to

prevent birds from disturbing the experiment. TRpeziment had four treatments including an un-
5
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amended control (surface water with ambient zodgtar), a 3Z zooplankton treatment (addition of
~ 60 zooplankton individualst.to 3 times ambient concentration), a 10Z zooplamkteatment
(addition of ~ 280 individuals™t). The fourth treatment (10ZP) had 10Z zooplanktith added P,
spiked daily in the form of inorganic KRQ, (4 pug L") to maintain dissolved N:P concentrations
close to the Redfield (1958) ratio (16:1), and waiged as in Muhid et al. (2013). Each treatment
had triplicate bags. The mesocosms were filled sitiface reservoir water (unscreened) using
bilge pumps. Zooplankton was collected from the gunesm site with vertical net tows (to 12 m)
using a 75 um net (20 cm diameter, 0.5 m lengtbppfankton were pooled into a 20 L container,
gently mixed and subsamples taken for species csitimo and elemental analyses. Samples to
examine species composition were preserved in t@émel, and those for elemental analysis were
filtered onto pre-combusted glass fibre filters (GFWhatman), for later C and N analysis.
Zooplankton were then added into each treatmentdoagrdingly. The zooplankton assemblage
was dominated numerically by rotifers (43 % of tathundance) and copepods (14% of total
abundance), although copepods comprised most obithreass based on size, with cladocerans
contributing only 1% of total counts (remaining raais were juveniles). The biomass added to the
3Z treatment was 1.42 + 0.20 mg C and 7.09 + 1.01 mg C tfor both 10Z and 10ZP treatments.

Bags were left overnight before sampling beganaynd
Physico-chemical measurements and sample collection

Daily measurements of temperature, dissolved oxygmrtentration (DO), pH, conductivity and
turbidity were made in mesocosm bags and adjaesetvoir water at the surface and at 1 m with a
multiparameter sonde with automated logger (hamdN&I| 650 and YSI 6600; Yellow Springs,
Ohio, USA). Additionally, vertical profiles of irclance were measured daily through the
mesocosms from 0 to 2 m using a 4-pi PAR sens&di,iNB, USA) and the Secchi depth was

also recorded.
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Water samples were collected from each mesocosmabdghe adjacent reservoir water
using a 3 m long depth-integrated sampler (volum®& £) approximately 10 hours after the
mesocosms were filled (day 1), then daily to degn8l at the end of the experiment on day 7. To
assess phytoplankton biomass (chlorophylI50 mL was filtered under low vacuum (esg100
mm Hg) onto 25 mm GF/F filters in low light (< 1Gnl photons riis?). Filters were folded in
half, blotted dry on absorbent paper, placed iotews-capped cryovials and stored frozen at minus
80 °C until HPLC pigment analysis. Subsamples (200 wdje fixed with Lugols solution (1%)
and stored for phytoplankton counts. Total partitellorganic carbon and nitrogen (TPC and TPN,
respectively) were prepared on site by filteringtawvasamples onto pre-combusted GF/F filters
(Whatman, USA) with a hand pump. TPP samples wegpgped in a similar manner by filtering
water samples onto 0.45 um membrane filters (Miligp Ireland), with the filtrate collected for
DIN and DIP analyses. All nutrient samples were edmately stored on ice in the dark and on

return to the laboratory were frozen at —20°C wartglysis.

To assess zooplankton biomass and assemblageustriunboplankton were collected from
each mesocosm at the end of the experiment (day iBpeated vertical tows using a 75 um, 20 cm
diameter (1 m long) net. Zooplankton samples wearieled into three equal parts for identification
(preserved in ethanol, 70% final concentration)pvblume determination (preserved in
formaldehyde, 4% final concentration) and elemerdablyses (stored frozen at -20 °C).
Zooplankton collected from adjacent reservoir waderthe beginning of the experiment were

processed using the same method.
Sample analyses

Nutrients. Samples for TPP were digested using a persulfagestion procedure. After
digestion, TPP was analysed based on the ascarhicreduction of phosphomolybdate (Towns
1986). The carbon content of phytoplankton wasmesgigd using biovolume conversion factors
described in Hendrickson (2011) after TPC and T&MNes were lost during sample processing.

7
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PhytoplanktonPhytoplankton samples from day 1 (initial), 2, 4lahwere identified and
counted using a Lund cell under 400x magnificatbona compound microscope (Olympus BX50,
Hamburg, Germany). One short traverse, with moaa #00 units (single cells or filaments) was
counted for each sample. For colonial and filamesiwyanobacteria, cell numbers in each filament
or colony were estimated by counting cells in aerage of at least 30 units. The numbelCof
raciborskii cells was determined by multiplying the numberfiziments by 14. This value was
previously determined by counting cells in an ageraf 400 filaments from Lake Samsonvale
(Glenn McGregor, pers. comm.). Size classes wefeaikt as nanoalgae (2 — 20 um) and
microalgae (20 - 200 um; i.e. filaments and colshi&ommer and Sommer, 2006). Two further
functional groups were identified: species with enetysts (Mfixers, Anabaena and
Aphanizomengnand potentially toxic generaAnhabaena AphanizomengnCylindrospermopsis,
Planktothrix and Geitlerinema) In a second series of counts, phytoplankton biowe was
determined on an individual cell basis, where |lenghd width were used to estimate the basic
shape and calculate the biovolume according toebtidind et al. (1999). We also measured the
length ofC. raciborskiifilaments at the beginning and during the expenitn® determine whether

they had been shortened through zooplankton ac(iBuvy et al. 2001).

Phytoplankton pigment concentrations were estimatsithg High Performance Liquid
Chromatography (HPLC). In the laboratory, pigmenése extracted at 4C in the dark over 15—
18 h in 3 mL acetone (100%, diluted to 90% for gsial Mallinkrodt, HPLC grade) then sonicated
on ice for 15 minutes. Samples were recovered uSitgtion (0.45 pum, Whatmann) and
centrifugation (2500 rpm, 5 min at@). The samples were analysed by HPLC (Waters radé
comprising a 2695XE separations module with colimeater and refrigerated autosampler) using a
Cg column (Zorbax Eclipse XDB-C8, Agilent Technologlieand binary gradient system with an
elevated column temperature (55° C) following a ifed version of the Van Heukelem and
Thomas (2001) method. Pigments were identifiedhayr tretention time and absorption spectrum

from a photo-diode array detector (Waters — Allm2996 PDA). Concentrations of pigments were
8
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determined from commercial and international staslgSigma; DHI, Denmark). The HPLC
system was also calibrated using phytoplanktonreafse cultures (Australian National Algae
Culture Collection) whose pigment composition hasrbdocumented in the literature (Mantoura

and Llewellyn, 1983; Barlow et al., 1993; Jeffrayak, 1997).

ZooplanktonZooplankton were enumerated into functional gro{gbedocerans, copepods,
rotifers and juveniles which included immature fermaf cladocerans and copepods) using a
compound microscope (Olympus BX50, Hamburg, Germahy assess their elemental content,
zooplankton were dried at 50 °C overnight, and ys®l using an Elemental Analyser with 20-20
IRMS (Europa Scientific). Zooplankton biovolume wdstermined using an Optical Plankton
Counter (Focal Technologies, Inc., Dartmouth, Cahambnfigured as described by Moore and
Suthers (2006). The concentration of particles iantkton) is expressed as number per litre. The
zooplankton biovolume (m#rL™) was calculated as the sum of the products ofreel(mn? ind.™)
and concentration (ind. ) of particles over all equivalent spherical diaene(ESD) values
between 240 and 3000 pm ESD. The volume of watepksl for zooplankton was calculated
using the following equation: VolumelF * (diameter of net/2)*2 * depth of tow (12 m in hient

water and 3 m in mesocosm).
Data Analysis

Repeated measures analysis of variance (RM-ANOVAp wsed to compare differences in
phytoplankton abundance (total and functional growp, nanoalgae, microalgae, potentially toxic
algae, N-fixers) between treatments over time. One-way AMONas also performed to test the
different abundance of individual phytoplankton gps among four treatments (Control, 3Z,
10Zand 10Z) on day 4 and day 7. ANOVAs were pertatnm SPSS version 8.0 ® (1997 SPSS
Inc.) and the significance level for all tests was 0.05. Tukey’'s multiple comparison tests were
used when significant differences were found betwéeatments. Data were examined for

normality and were In (x + 1) transformed when naliration was required. When data did not

9
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meet the assumptions of normality even after t@nshtion, they were analysed using a non-
parametric Kruskal-Wallis one-way analysis of vada by ranks to test for the difference between
population medians. Results are expressed’dsfXn = number of replicates) (Green and Salkind,

2008).

Multivariate analyses of phytoplankton compositideta were undertaken with PRIMER

5.2.9 software ® (2002 PRIMER-E Ltd., Plymouth, UKyansformed abundance data (In (x + 1))
were used to generate a Bray-Curtis similarity maf¥he Bray-Curtis similarity matrix was then

used to ordinate samples (visualised using an nNd@F and undertake analysis of similarity
(ANOSIM). The ANOSIM test statistic, R, is basedtbe ratio of the between treatment to within-
treatment similarity ranking and ranges from O towith the value indicating the degree of
dissimilarity (1 = completely dissimilar; 0 = coneply similar). When a significant difference (p <
0.05) was detected, a similarity percentage breakd(SIMPER) was conducted to determine

which taxa were primarily responsible for the olbsdrdifferences.
RESULTS
Physico-chemical characteristics

The physical and chemical factors including ligetmperature, conductivity, turbidity and pH were
similar among mesocosm treatments and relativelystemt during the experiment (Table 1).
Despite inorganic P addition to the 10ZP treatmBif®, concentrations at day 7 were similar across
treatments (ks= 3.176, p = 0.085), averaging 0.01 + 0.00 mf(and 0.41 + 0.01 mg'1, for
DIN). The molar DIN:DIP ratios averaged 60 * 5 (S&)bstantially higher than the Redfield ratio
(16), and were the same amongst treatments on q&yg7= 0.685, p = 0.601). In contrast, the
particulate C:P ratio differed among treatments; 6-0.202, p = 0.012, Fig. 1A), and was lower in
10Z and 10ZP (128 = 16 and 95 + 16, respectivedyhmared to the control (212 + 7) and 3Z (197
+ 48). However, zooplankton C:P ratio did not diffégnificantly amongst treatments (p =0.101;

Fig. 1B).
10
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Phytoplankton

Total phytoplankton abundance diverged among treatsnon day 4 H.= 7.41, p = 0.011), being
lowest in the 3Z and highest in the 10ZP treatn@/®0 + 0.10 x 10versus 1.46 + 0.21 x 1@ells
mL™, respectively). At the end of the experiment (dy total phytoplankton abundance was
similar amongst control, 3Z and 10Z treatments;&1.780, p = 0.238; Fig. 2), but was greater in
the 10ZP treatment (1.26 + 0.20 x°k&lls mL*; Fig. 2D). In addition, the chlorophyll-a (Chl-a)
concentration was twice as high in the 10ZP treatrt®4 + 1.0 pg ') compared to all the others

(Fs10=5.674, p = 0.012; Fig. 3A), which were not sfgpaintly different from the initial (4.2 + 0.4

g LY.

Cyanobacteria comprised most of the phytoplanki@semblage biovolume in the
mesocosms on day 1 (84 + 5%), wRhanktolyngbya, Cylindrospermopsasd Limnothrix being
the dominant taxa (Table 2). However, the abundanckfferent phytoplankton functional groups
varied during the experiment. On day 4, the abucela potentially toxic algae was greater in the
10Z and 10ZP treatments than in the 3Z and thealofft; 7 - 12.608, p = 0.002). By the end of the
experiment, the 10ZP treatment had the greatestdamee of potentially toxic algae (9.42 + 1.00
x10* cells mLY) and the control treatment the least (5.23 +x102cells mL?Y) (Fs7-4.80, p =
0.049). N-fixers increased steadily in the 10ZP treatmeng.(BD) and were most abundant
amongst all other treatments on day 7 (2.04 + &BZ cells mLY; Fs6 - 18.736, p = 0.008).

Filamentous (and colonial) algae decreased unyild@ds 7 -6.732, p = 0.017) and then steadied.

The abundance &. raciborskii(approximately 22% of the total biovolume) was ifamin
all bags at the start of the experiment, rangiogf..82 to 2.44 x f0cells mL*. However, by day
4, C. raciborskiiabundance had more than doubled in the 10Z (3.68.2 x 10 cells mL*) and
10ZP (3.98 + 0.43 xfocells mL?Y) treatments (s - 14.763, p = 0.001, Fig. 4A) and increased its
relative abundance from 15% to 37% {E 8.235, p = 0.008). On day T. raciborskii relative

biomass was still greater in the 10ZP comparedherdreatments (marginally significant, n = 2;

11
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Fs7-4.054, p = 0.058, Fig. 4B), but its absolute alaumog was the same amongst treatments-(F
1.523, p = 0.291). Furthermor€, raciborskiiflaments were of similar length in the controldan
10Z treatment (83 = 3Am versus 86 = 3fim, respectively) on day 4, providing little evidenbat

copepods cut. raciborskiifilaments during our study, potentially shortenthgm to an edible size

for other zooplankton (Bouvy et al. 2001).

Considering the phytoplankton species compositienaawhole, the ANOSIM showed
strong differences between treatments on day 4b@lB: 0.429, p = 0.019). SIMPER analysis
revealed three filamentous species includ@gindrospermopsisGeitlerinema and Limnothrix
were the major contributors to the dissimilarityamgst treatments. While morphologically similar,
these taxa showed different patterns over timeerRiatly toxicGeitlerinemawas more abundant in
the 10Z and 10ZP treatmer{is40+ 0.54 and 2.3% 0.27 x 1Gcells mL?, respectively) compared
to the control and 3Z on day 7 (0.450.45 and 0.4& 0.40 x 10 cells mL*, respectively, ks =
0.532 p = 0.045), while non-toxldmnothrix cell abundance was greater in the control (2.452x0.
10" cells mLY) than in the 10Z (0.% 0.6 x 10 cells mL*) and 10ZP treatments (0410.1 x 14

cells mL*; Fs5-14.763, p = 0.001).
Zooplankton

As expected, zooplankton abundance;(E 9.458, p = 0.007, Fig. 5A) was higher in the Hiul
10ZP treatments (albeit somewhat variable in thé tt@atment) compared to the control and 3Z
treatments at the end of the experimend;(E 9.458, p = 0.007, Fig. 3B). Similarly total
zooplankton biovolume was higher in the 3Z treatim@mpared to the control and was greatest in
the 10Z and 10ZP treatments (= 9.394, p = 0.008; Fig. 3C). Microscope countgeeated that
copepods (37 + 3%) and rotifers (39 + 4%) domindtedzooplankton assemblage on day 7 (Fig.
5), with copepods contributing the majority of theoplankton biovolume, and did not differ
significantly between treatments. However, the propn of juveniles decreased at least 20%
during the experiment ¢ = 26.197, p < 0.001) in all mesocosms, and thegice midge larva

12
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Chaoborus spcomprised 16 + 3% of zooplankton abundance on daiéh it was virtually absent

onday0 (g7=7.819, p =0.010; Fig. 5).

DISCUSSION

This study determined that the abundance and veldiomass ofC. raciborskiiincreased in the

presence of meso-zooplankton in a subtropical waterage during summer. Although the
experiment was relatively short-term (occurring roweveral days), the rotifer and copepod
dominated meso-zooplankton assemblage had an ¢héiffect of transferring P to phytoplankton

and favouringC. raciborskiigrowth.

While grazing was not quantified directly throught-gontents analysis, this mesocosm experiment
demonstrated that meso-zooplankton can have a-tnortnet positive impact o€. raciborskii
dominancan situ. C. raciborskiihas been documented to inhibit feeding by cladote(Filho Ada

et al. 2009; Soares et al. 2009), and the cop8umtkellasp. has very low clearance rates (<0.3
mL ind * h) onC. raciborskij particularly when total prey abundance exceedsrig C L* (Hong

et al. 2013), which was the case in this studythia field, Fabbro and Duivenvoorden (1996)
reported the absence of zooplankton grazing orea@ll raciborskiifilaments, but noted that two
rotifer species Brachionus calyciflorusand B. angularig could ingestC. raciborskii following
breakage of larger filaments Daphnia lumholtziBouvy et al. (2001) made similar observations,
showing that cladocerans, copepods and rotifersced&rC. raciborskii filaments for ingestion.
However, in this study, there was no evidencelafifent shortening, and the decline in abundance
of other filamentous algae such lsnnothrix indicated that prey morphology did not preclude
grazing. More recently Ka et al. (2012) determirtkdt zooplankton communities could clear
between 0.04 and 12.80 %. raciborskii per day, even under relatively high cyanobacterial

dominance. Micro-zooplankton such as ciliates &lsee the capacity to consume toxin-producing

13
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C. raciborskii (Fabbro et al. 2001), but because consumptionneasneasured in this study, we
cannot be certain that the increase€inraciborskiiabundance and biomass in the mesocosms was

due to grazing avoidance.

There is however, more evidence that zooplanktah dra indirect effect on the phytoplankton
assemblage in this study through transfer of misiecConcurrent with the potential direct effedts o
grazing, meso-zooplankton can influence phytoplamkhrough nutrient regeneration (Elser et al.,
1988; Sterner, 1990), and this study clearly dernatex! that addition of zooplankton lead to a
decline in the particulate C:P ratio. In the alegewnf horizontal advection and sedimentary
processes in the mesocosms, zooplankton were tiy aher potential source of P to

phytoplankton, through processes such as excratidrsloppy feeding.

We hypothesized that under low nutrient conditiam@oplankton interactions with cyanobacteria
would have a different outcome compared to enrichedditions, and for taxa such &
raciborskii, the indirect effects of zooplankton nutrient negation would be more beneficial than
for other algae, because of this cyanobacteriunglk &ffinity and storage capacity for phosphorus
(P) (Istvanovics et al. 2000). Although it is urarlevhethelC. raciborskiiacquired a greater share
of regenerated nutrients compared to other phytdgpde, C. raciborskiiincreased in abundance in
the presence of a copepod and rotifer dominated+negplankton assemblage when there was no
external addition of nutrients. Inorganic P treatin@ddition also increased the numerical
abundance o€. raciborskiiindicating that P was limiting its growth. Undemdlar P enrichment
(PQ;* added alone, not with N) in the same reservoirhidiet al. (2013) demonstrated th@t
raciborskii growth was preferentially promoted over other gggcand in another reservoir in the
same region, daily pulses of DIP also favou@daciborskiiaccumulation (Posselt et al. (2009).
Additionally, P enrichment (10ZP treatment) causedloubling of Chl-a relative to all other

treatments, a 60% increase in total cell abundeemoe,an order of magnitude increase in the cell
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368

abundance of N-fixing taxa. The 100% increase ik&lith only 60% increase in cell abundance
suggests that cell size increased or cells prodate pigment or bothC. raciborskiiwas not
included in the MHixing category in Figure 2, but it also has tlepacity to switch between fixed
and atmospheric sources of N (Burford et al. 20@@wth of N-fixing algae can be limited under
low external P concentrations due to a decreas#racellular pools of nucleotides and low nucleic
acid content, especially RNA (Karl et al., 20025 dhus P addition has previously been shown to

benefit N-fixing cyanobacteria species (Vahterale2010).

There have been few mesocosm experiments to examo@ankton-phytoplankton interactions in
subtropical freshwater systems where filamentownoacteria are the major primary producers
and the zooplankton assemblage is dominated bypodgeand rotifers. Enclosures have the
advantage of controlling experimental conditionsl anaking them more ecologically-relevant
compared to lab-based studies, but also have lthetations. The bags used in this study limited
horizontal exchange, excluded fish and didn’t ideluhe sediment-water interface, but contained
vertical gradients in light which are importanttive ecology ofC. raciborskii(O’Brien et al. 2009).
The 3 m long bags were designed to capture proe@stbe surface mixed layer in summer when
the thermocline limits the vertical delivery of nants from deeper waters and the benthos.
Furthermore, the relatively large volume of thelesares provided far less spatial constraints on
zooplankton swimming and feeding behaviour tharviptes laboratory studies. This allowed a
more realistic evaluation of the effect of zooplamkon C. raciborskiiabundance, but provided
limited information about the relative importandesach interactions amongst other loss processes
including sedimentation, advection/dispersion, muxiinfection and parasitism. With respect to
how representative these observations are of wéggpdns in other locations at other times, such
zooplankton—phytoplankton interactions occur in dépdimnion throughout the reservoir. During
summer when the water column is stratified (Burferél. 2012), nutrient regeneration processes in

the surface mixed layer, such as those observédsrstudy, would be prevalent. Some Australian
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strains of C. raciborskii produce cylindrospermopsins, antthough we did not measure the
concentration of harmful metabolites in this stusiynilar enclosure experiments dominatedCy
raciborskii suggest that toxic strains became more prevaldt B enrichment (Burford et al.
2014). Given that copepods have very low clearaatss on toxicC. raciborskiistrains compared
to a non-toxic strain (Hong et al. 2013), the acalation of C. raciborskiiobserved in this study

would potentially be amplified if strains were pumihg toxins.

An additional consideration on the outcome of periment is whether zooplankton stocking
densities were similar in the 10Z and 10ZP treatsah the end of the experiment. We assessed
zooplankton abundance and biovolume using two rdiffe methods — microscope counts for
individuals >75 pum in size and biovolume estimatggh an Optical Plankton Counter for
individuals at least 165 um in equivalent spherttameter. Based on microscope counts there was
no significant difference between the zooplanktbonralance in the 10Z compared with the 10ZP
treatment due to variability amongst the replica@s/en the relatively consistent zooplankton
assemblage structure in the 10Z and 10ZP treatmestsuggest that the addition of P allowed
some of the resident zooplankton to grow and mate larger size groups (resulting in constant
biovolume) at the expense of smaller species, rdtta cause mortality and potential release of

nutrients.

In summary, this study scaled-up previous laboyatdrservations of copepod interactions with a
freshwater HAB species and demonstrated that megplankton facilitate the accumulation ©f
raciborskiis in an oligotrophic subtropical reservoir over tebort-term (~4 days). Meso-
zooplankton increased P transfer to phytoplanksoggesting indirect effects of nutrient recycling
rather than direct effects of grazing could dri®e raciborskii abundance in this system. These
results are potentially novel and worth furtherastigation over larger space and time scales,

particularly with regards to the P content ©f raciborskii in comparison to the rest of the
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ACKNOWLEDGEMENTS

We would like to thank the three anonymous reviewfer their constructive comments on our

manuscript. Thank you to Matthew Whittle for hisiatance with the mesocosm experiment and
Stephen Faggotter and Timothy Davis for their a8t with sample collection and arrangements
for chemical analyses. Also thanks to Ann Chuanghfer assistance with zooplankton taxonomy

and Jason Everett and lain Suthers for their asgistwith the Optical Plankton Counter.

FUNDING

This study was funded by Segwater and the Planttieural Biology and Climate Change Cluster
at the University of Technology, Sydney (UTS). Y.Was supported by a UTS postgraduate

scholarship.

REFERENCES

Aubriot, L., Bonilla, S. (2012) Rapid regulation phosphate uptake in freshwater cyanobacterial
blooms.Aquatic Microbial Ecology7,251-263.

Barlow, R.G., Mantoura, R.F.C., Gough, M.A., Filema.W. (1993) Pigment signatures of the
phytoplankton composition in the northeastern Attaduring the 1990 spring blooreep-
Sea Res. PtilTopical Studies in Oceanograpt0, 459-477.

Bayly, I. A. E. (1992) Tie non-marine Centropagidae (Copepoda: Calanoidathe world The

Hague, Netherlands, SPB Academic, pp. 1-30.

17



419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

Bouvy, M., Pagano, M., Troussellier, M. (2001) Etee of a cyanobacterial bloom
(Cylindrospermopsis raciborskiion bacteria and zooplankton communities in Ingaze
reservoir (northeast Brazilhquat. Microb. Ecol.25, 215-227.

Branco, C.W.C. and Senna, P.A.C. (1994) Factorsluenting the development of
Cylindrospermopsis raciborskiindMicrocystis aeruginos@n the Paranoa reservoir, Brasilia,
Brazil. Algol. Stud. 75, 85-96.

Briand, J. F., Robillot, C., Quiblier-Lloberas, GHHumbert, J. F., Coute, A., Bernard, C. (2002)
Environmental context ofCylindrospermopsis raciborski{Cyanobacteria) blooms in a
shallow pond in Franc&Vater Res.36, 3183-3192.

Burford, M.A., McNeale, K.L. McKenzie-Smith, F.J2q06) The role of nitrogen in promoting
Cylindrospermopsis raciborskin a subtropical water reservokreshwater Biol.51, 2143-
2153.

Burford, M.A., O’'Donohue, M.J. (2006) A comparisoh phytoplankton community assemblages
in artificial and naturally mixed subtropical wateservoirsFreshwater Biol.51, 973-982.

Burford, M. A., Johnson, S. A., Cook, A. J., PackerV., Taylor, B. M., Townsley, E. R. (2007)
Correlations between watershed and reservoir ctaarstics, and algal blooms in subtropical
reservoirsWater Res41, 4105-4114.

Burford, M.A., Green, S.A., Cook. A.J., JohnsormA.SKerr, J.G., O’'Brien, K.R. (2012) Sources
and fate of nutrients in a subtropical reservAguatic Sci.,/4, 179-190.

Burford, M.A., Davis, T.W, Orr, P.T., Sinha, R., Mg, A., Neilan, B.A. (2014) Nutrient-related
changes in the toxicity of field blooms of the cghacteriumCylindrospermopsis raciborskii
FEMS Microbiol. Ecol. DOI: 10.1111/1574-6941.12341.

Chapman, A. D., Schelske, C. L. (2008) Recent ajppea ofCylindrospermopsigcyanobacterium)

in five hypereutrophic Florida lake3. Phycol. 33, 191-195.

18



443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

Davis, T.W., Berry, D.L., Boyer, G.L., Gobler, C(2009) The effects of temperature and nutrients
on the growth and dynamics of toxic and non-toxicaiss of Microcystis during
cyanobacteria bloomslarmful Algag 8, 715-725.

DeMott, W. R., E. Van Donk, (2013) Strong interan8 between stoichiometric constraints and
algal defences: evidence from population dynamids Daphnia algae in P-limited
microcosmsQOecologia 171: 175-186.

Elser, J. J., Elser, M. M. MacKay, N. A. CarpererR. (1988) Zooplankton-mediated transitions
between N-and P-limited algal growttlimnol. Oceanogr.33, 1-14.

Elser, J. J., Carney, H. J., Goldman, C. R. (199@® zooplankton-phytoplankton interface in lakes
of contrasting trophic status: an experimental canspn.Hydrobiologia,200, 69-82.

Fabbro, L., Baker, M., Duivenvoorden, L. (1996) fileoof a bloom of the cyanobacterium
Cylindrospermopsis raciborsk{MWoloszynska) Seenaya and Subba Raju in the FitRreer
in tropical Central Queensland. Mar. Freshwater. Rés685-694.

Fabbro, L., Baker, M., Duivenvoorden, L., Pegg, Shjel, R. (2001) The effects of the ciliate
Parameciumcf. caudatumEhrenberg on toxin producin@ylindrospermopsissolated from
the Fitzroy River, Australia. Environ. Toxicol. (B8, 489-497

Filho Ada, S., da Costa, S.M., Ribeiro, M.G., AzdweS.M. (2008) Effects of a saxitoxin-producer
strain of Cylindrospermopsis raciborskii (Cyanolkeaet) on the swimming movements of
cladocerans. Environ. Toxicol. , 161-168.

Figueredo, C. C., Giani, A. (2009). Phytoplanktmmmunity in the tropical lake of Lagoa Santa
(Brazil): Conditions favoring a persistent bloom @&ylindrospermopsis raciborgki
Limnologica-Ecology and Management of Inland Wat89s264-272.

Frost, P.C., Xenopoulos, M.A., Larson, J.H. (2004# stoichiometry of dissolved organic carbon,
nitrogen and phosphorus release by a planktongegf2aphnia

Green, S. B., Salkind, N. J. (2008sing SPSS for Window and Macintosh: Analyzing and

understanding data (5th edYpper Saddle River, NJ: Pearson Prentice Hall1pf96.

19



469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

Harris, G.P., Baxter, G. (1996) Interannual valigbiin phytoplankton biomass and species
composition in a subtropical reservdireshwater Biol.35, 545-560.

Havens, K. E. (2008) Cyanobacteria blooms: effeataquatic ecosystems. In: Hudnell H.K. (ed.),
Cyanobacterial Harmful Algal Blooms: State of th@efice and Research Nee@&pringer,
New York, pp. 733-747.

Havens, K., East, T., Beaver, J. (1996) Experinestadies of zooplankton—phytoplankton—
nutrient interactions in a large subtropical lakeke Okeechobee, Florida, USAxeshwater
Biol., 36, 579-597.

Hendrickson, J. C. (2011) Appendix 8.D. CE-QUAL-ICSktup, Calibration and Withdrawal
Scenario Results. http://www.sjrwmd.com/techniqabies.

Hillebrand, H., Durselen, C. D., Kirschtel, D., Rajher, U., Zohary, T. (1999) Biovolume
calculation for pelagic and benthic microalgdePhycol, 35, 403-424.

Hong, Y., Burford, M. A., Ralph, P. J., Udy, J. ®hd. Doblin, M. A. (2013) The cyanobacterium
Cylindrospermopsis raciborskis facilitated by copepod selective grazikigwrmful Algae29,
14-21.

Hunt, R. J., Matveev V. F. (2005) The effects ofrimmts and zooplankton community structure on
phytoplankton growth in a subtropical Australiase®er/oir: an enclosure studyimnologica-
Ecology and Management of Inland Wat8%s 90-101.

Istvanovics, V., Shafik, H. M., Presing, M., Juh8s,2000) Growth and phosphate uptake kinetics
of the cyanobacteriumCylindrospermopsis raciborski(Cyanophyceae) in through flow
cultures.Freshwater Biol.43, 257-275

Jeffrey, S.W., Mantoura, R.F.C. (1997) Developmehtpigment methods for oceanography:
SCOR-supported working groups and objectives. ffre}e S.W.et al. (ed.),Phytoplankton
pigments in oceanography: guidelines to modern oggthMonographs on Oceanographic

Methodology10: pp. 19-36

20



494

495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

Jeppesen, E., Sgndergaard, M., Mazzeo, N., Meerhbff Branco, C., Huszar, V., Scassé.

(2005) Lake restoration and biomanipulation in terage lakes: relevance for subtropical and
tropical lakes. Chapter 11. In Reddy, M. V. (edlyopical Eutrophic Lakes: Their
Restoration and Manageme&cience Publishers, Enfield, pp. 331-359.

K4, S., Mendoza-Vera, J. M., Bouvy, M., Champalp@ért N'Gom-Ka, R., Pagano, M. (2012) Can
tropical freshwater zooplankton graze efficientty @yanobacteriaRlydrobiologia,979, 119-
138.

Karl, D., Michaels, A., Bergman, B., Capone, D.rg&mter, E., Letelier, R., Lipschultz, F., Paerl,
H., Sigman, D., Stal, L. (2002) Dinitrogen fixatiom the world's ocean$iogeochemistry,
57, 47-98.

Lacerot, G., Kruk, C., Wrling, M., & Scheffer, M. (2013) The role of subpioal zooplankton as
grazers of phytoplankton under different predatexels.Freshwater Biol.58, 494-503.

Lei L., Lin, S., and Hu, R. (2011) Cyanobacteria ayanotoxins in reservoirs of South China. In
Han, Bo-Ping, and Zhengwen Liu (ed3)opical and sub-tropical reservoir limnology in
China: theory and practicé/ol.91. Springer, pp110-120.

Li, R., Carmichael, W., Brittain, S., Eaglesham, &haw, G., Mahakhant, A., Noparatnaraporn, N.,
Yongmanitchai, W., Kaya, K., and Watanabe. M. (90Bblation and identification of the
cyanotoxin cylindrospermopsin and deoxy-cylindroapgpsin from a Thailand strain of
Cylindrospermopsis raciborskiCyanobacteriajT oxicon 39:973-980.

Low, E., Ng, P. K. L. (2010) Top-down control of ywhplankton by zooplankton in tropical
reservoirs in Singaporerhe Raffles Bull. of Zoology8, 311-322.

Mantoura, R.F.C., Llewellyn, C.A. (1983) The rapitermination of algal chlorophyll and
carotenoid pigments and their breakdown productsaitural waters by reverse-phase high-

performance liquid chromatograpfmnal. Chim. Acta.151, 297-314.

21



518

519

520

521

522

523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

538

539

540

541

542

McGregor, G. B., Fabbro, L. D. (2000) Dominanc&ofaciborskii(Nostocales, Cyanoprokaryota)
in Queensland tropical and subtropical reservoirsplications for monitoring and
managemeritake Reserv. Managé, 195-205.

Mitra, A., Flynn, K. J. (2006) Promotion of harmfallgal blooms by zooplankton predatory activity
Biol. Letters,2, 194-197.

Moore, S. K., Suthers|. M. (2006) Evaluation and correction of subresdwarticles by the

optical plankton counter in three Australian esesrwith pristine to highly modified
catchmentsJ. Geophys. Redl11, 1-14.

Muhid, P., Davis, T.W., Bunn, S.E., Burford, M.&2013) Effects of inorganic nutrients in recycled
water on freshwater phytoplankton biomass and caitipn. Water Researchy, 384-394.
O’Neil, J., Davis, T., Burford, M., Gobler, C. (2D The rise of harmful cyanobacteria blooms: The

potential roles of eutrophication and climate claktarmful Algag 14, 313-334.

Padisak, J. (1997Cylindrospermopsis raciborskifWoloszynska) Seenayya et Subba Raju, an
expanding highly adaptive cyanobacterium: worldwddsribution and review of its ecology.
Arch. Hydrobiol., Suppll07, 563-593.

Paerl, H. W. and J. Huisman. (2008) Blooms likeoit. Science 320, 57-58.

Paerl, H.W. and Otten, T.G. (2013) Blooms bitelihad that feeds therBcience342, 433-434.

Panosso, R., Carlsson, P., Kozlowsky-Suzuki, Bev&tlo, S. M. F. O., Granéli E. (2003) Effect of
grazing by a neotropical copepddhtodiaptomuson a natural cyanobacterial assemblage and
on toxic and non-toxic cyanobacterial straihsPlankton Res25, 1169-1175.

Persson, L., Andersson, G., Hamrin, S. F., & JosamsL. (1988) Predator regulation and primary
production along the productivity gradient of temgie lake ecosystems. In Carpenter, S.R.
(ed.),Complex interactions in lake communiti€pringer New York, pp. 45-65.

Posselt, A. J., Burford, M. A., Shaw, G. (2009)d@sl of phosphate promote dominance of the toxic

Cylindrospermopsis raciborskiin a subtropical water reservai.. Phycol. 45, 540-546.

22



543

544

545

546

547

548

549

550

551

552

553

554

555

556

557

558

559

560

561

562

563

564

565

566

Redfield, A. C. (1958) The biological control ofeshical factors in the environme®m. Sci, 46,
205-222.

Saker, M.L., Thomas, A.D., Norton, J.H. (1999) (@atmortality attributed to the toxic
cyanobacteriunCylindrospermopsis raciborskin an outback region of North Queensland.
Environ Toxicol 14, 179-182.

Shafik, H.M., Herodek, S., Presing, M., Voros, 120Q1) Factors effecting growth and cell
composition of cyanoprokaryoteylindrospermopsis raciborskilWotoszyhska) Seenayya et
Subba RajuArch Hydrobiol,140, 75-93.

Soares, A.C., Llrling, M., Panosso, R., Huszar, (008) Effects of the cyanobacterium
Cylindrospermopsis raciborskii on feeding and hfstory characteristics of the grazer
Daphnia magna. Exotoxicology and Environmental tyaf@, 1183-1189.

Sommer, U., Sommer, F. (2006) Cladocerans verspspoals: the cause of contrasting top—down
controls on freshwater and marine phytoplank@ecologia 147, 183-194.

Sterner, R. W. (1990) The ratio of nitrogen to Bupplied by herbivores: zooplankton and the
algae comkpetitive arenAm. Nat., 136, 209-229.

Towns, T. G. (1986) Determination of aqueous phasphby ascorbic acid reduction of
phosphomolybdic aciddnal. Chem.58, 223-229.

Vahtera, E., Autio, R., Kaartokallio, H., Laamené&, (2010) Phosphate addition to phosphorus-
deficient Baltic Sea plankton communities benefitsogen-fixing cyanobacteria. Aquatic
Microbial Ecology 60, 43-57.

Van Heukelem, L., Thomas, C. S. (2001) Computeisgésd high-performance liquid
chromatography method development with applicatiomsthe isolation and analysis of

phytoplankton pigmentg. Chromatogr A910, 31-49.

23



567

568

569

570

571

572

573

574

575

576

577

578

579

580

581

582

583

584

585

586

587

588

589

TABLE AND FIGURE LEGENDS

Table I: Water quality parameters mean (+ SE) irsooesms and adjacent ambient water at the

beginning and end of the mesocosm experiment.

Table II: Phytoplankton species composition at ltleginning of the mesocosm experiment; N =
non-N-fixing algae, F = N-fixing algae, T = potally toxic algae, Microalgae 20-200 pum,

Nanoalgae 2-20 um.

Fig. 1: Particulate (A) and zooplankton (B) elenaémttios in treatments on day 7. Treatments
include: 3x ambient zooplankton abundance (3Z), X®oplankton abundance (10Z), 10x
zooplankton with inorganic P addition (10ZP) andh@ amendment control. Data are means +
standard error (SE; n = 3). Statistical compassadicated by letters above columns: a is differen

from b, ab is not different from both a and b.

Fig. 2. Phytoplankton functional group abundancediifierent treatments during the mesocosm
experiment. Treatments include: A: no amendmentrobrB: 3x ambient zooplankton abundance
(32), C: 10x zooplankton abundance (10Z), and Dx Z0oplankton with inorganic P addition

(10ZP). Data are means + SE (n = 3).

Fig. 3: Abundance of. raciborskii(A) and the % of total phytoplankton biovolume caieed of
C. raciborskii(B) in different treatments during the mesocosipegixnent. Treatments include: 3x

ambient zooplankton abundance (3Z), 10x zooplankiomndance (10Z), 10x zooplankton with
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inorganic P addition (10ZP) and a no amendmentrgbridata are means + SE (n = 3). Asterisk *
next to data point indicates significant differerfmween treatment and control at that time point;

ms means marginally significant (p = 0.058).

Fig. 4: Chlorophyll-a concentration (A), zooplanktabundance (B) and zooplankton biovolume
(C) in each treatment at the end of experiment (@ags estimated by microscope counts and the
Optical Plankton Counter, respectively. Treatmantdude: 3x ambient zooplankton abundance
(32), 10x zooplankton abundance (10Z), 10x zooglamkvith inorganic P addition (10ZP) and a
no amendment control (Con). Data are means + SE 3h Statistical comparisons indicated by
letters above columns: a is different from b, abasdifferent from both a and b, bc is not differe

from both b and c.

Fig. 5: The proportion of zooplankton functionabgps in mesocosm treatments at the beginning
(day 1) and end of the experiment (day 7). Treatm@clude: 3x ambient zooplankton abundance
(32), 10x zooplankton abundance (10Z), 10x zoogl@amkvith inorganic P addition (10ZP) and a

no amendment control (Con). Data are means = SE3{(n
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TABLES

Table |

Ambient Ambient Mesocosm Mesocosm

Day 0 Day 7 Day 0 day 7

(n=3) (n=1) (n=12) (n=12)
Temperature surface (°C) 29.6+04 32.1 285+0.2 29.8+x04
Temperature 1m (°C) 29.4+04 29.6 284 +0.2 29.3+0.2
Conductivity surface (uS/cm) 0.3+0.0 0.3 0.3+0.0 0.3£0.0
Conductivity 1m (uS/cm) 0.3+£0.0 0.3 0.3+0.2 0.3+£0.0
Turbidity surface (NTU) 23+0.3 3.0 20+0.1 29+0.1
Turbidity 1m (NTU) 2.2+0.0 3.2 1.8+0.0 27+0.1
pH surface 8.6+0.1 8.7 85+0.1 8.6+0.1
pH 1m 8.7+£0.0 8.7 8.3+£0.2 8.3+£0.0
DO% surface 1029+1.8 101.9 946+1.2 96.6 +1.4
DO% 1m 102.1+2.3 100.5 915+1.9 95.8+1.7
Secchi depth (m) 1.8+0.1 1.8 1.7+£0.0 1.7+£0.0
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Table Il

Species name Functional group Size Class Species abundance (cells mt) % Biovolume
Anabaena sp. F, T Micro Cyanophyta 1491 0.9
Aphanocapsa sp. N Micro Cyanophyta 4830 0.0
Aphanizomenon sp F, T Micro Cyanophyta 0 0.0
Cyanodictyon imperfectum N Micro Cyanophyta 1344 0.0
Cylindrospermopsis raciborskii F, T Micro Cyanophyta 25200 22.6
Geitlerinema sp. T Micro Cyanophyta 378 0.1
Limnothrix sp. N Micro Cyanophyta 27468 18.1
Merismopedia sp. N Micro Cyanophyta 588 0.0
Planktolyngbya limnetica N Micro Cyanophyta 12852 12.5
Planktolyngbya microspira N Micro Cyanophyta 31983 23.2
Pseudanabaena limnetica N Micro Cyanophyta 126 0.2
Merismopedia punctata N Micro Cyanophyta 252 0.1
Cryptomonas sp. N Nanc Cryptophyta 42 1.2
Cyclotella sp. N Nanc Bacillariophyta 252 2.6
Synedra sp. N Micro Bacillariophyta 84 0.0
Cosmarium sp. N Nanc Chlorophyta 42 0.2
Oocystis sp. N Micro Chlorophyta 42 0.2
Scenedesmus sp. N Micro Chlorophyta 42 0.0
Peridinium sp. N Nanc Dinophyta 105 7.5
Other 10
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