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ABSTRACT

EFFECTS OF DISSOLVED ORGANIC CARBON (DOC) AND
ZOOPLANKTON GRAZING PRESSURE ON BACTERIA AND CILIATES

Yetim, Sinem
Master of Science, Biology
Supervisor: Prof. Dr. Meryem Beklioglu
Co-Supervisor: Prof. Dr. Kemal Ali Ger

November 2021, 84 pages

Global climate change results in extreme precipitation events that increase
allochthonous organic matter (e.g., dissolved organic carbon, DOC) input into
freshwater ecosystems via flooding. While DOC is a source of carbon and energy
for heterotrophic organisms in freshwater ecosystems, its bottom-up effects on
trophic interactions, and especially on the microbial food web, are poorly
understood. Similarly, the top-down effect of contrasting zooplankton traits (i.e.,
generalist vs. selective) on DOC enriched food webs is also unknown. We compared
both the bottom-up effects of DOC types (e.g., leaf-leachate DOC, HuminFeed®)
and the top-down effects of zooplankton with contrasting grazing selectivity on the
biomass and composition of microbial food webs (i.e., bacteria and ciliates) in a
series of laboratory experiment and in-situ mesocosm grazing assays. We predicted
that the total biomass of bacteria and ciliates were enhanced by DOC addition,
especially with leaf leachate DOC, and reduced by zooplankton. Additionally, we
expected that copepods would have higher grazing pressure on ciliates than Daphnia
due to grazing mode. We found both DOC types and zooplankton had nonsignificant
effect on bacteria biomass. DOC, especially leaf-leachate DOC, had a positive effect

on ciliate biomass, while zooplankton had a negative effect. In general, the top-



down effect was in general stronger than the bottom-up effect and the strongest
zooplankton effect was in the copepod — ciliate link. DOC had nonsignificant effect
on the functional feeding groups of ciliates, and copepods reduced relative biomass
of algivore and nonselective ciliates that was a novel proof of selectivity of

copepods.

Keywords: Leaf-leachate, Humin Feed, Selectivity, Plankton, Microbial Food Web
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0z

COZUNMUS ORGANIK KARBONUN (DOC) VE ZOOPLANKTON
OTLAMA BASKISININ BAKTERI VE SILIATLAR UZERINDEKI
ETKILERI

Yetim, Sinem
Yiiksek Lisans, Biyoloji
Tez Yoneticisi: Prof. Dr. Meryem Beklioglu
Ortak Tez Yoneticisi: Prof. Dr. Kemal Ali Ger

Kasim 2021, 84 sayfa

Kiiresel iklim degisikligi, sel yoluyla tatlisu ekosistemlerine allokton organik madde
(6rnegin, ¢ozlinmils organik karbon, DOC) girisini artiran asir1 yagis olaylariyla
sonuglanir. DOC, tatlisularda heterotrofik organizmalar icin bir karbon ve enerji
kaynagi olsa da asagidan yukariya olan trofik etkilesimleri ve 6zellikle mikrobiyal
besin ag1 lzerindeki etkileri tam olarak anlasilamamistir. Benzer sekilde, zit
zooplankton Ozelliklerinin (yani se¢ici olmayana karsi segici) DOC ile
zenginlestirilmis besin aglart iizerindeki yukaridan asagiya etkisi de
bilinmemektedir. Hem DOC gesitlerinin (yaprak sizinti suyu, Humin Feed) asagidan
yukariya hem de zooplanktonun yukaridan asagiya etkilerini, bir dizi laboratuvar ve
in-situ mezokozm grazing deneylerinde biyokiitle ve mikrobiyal gida aglarinin (yani
bakteri ve siliatlar) bilesimi iizerindeki zit otlama segiciligi ile karsilastirdik.
Toplam bakteri ve siliat biyokiitlesinin, DOC ilavesiyle ve 6zellikle yaprak sizinti
suyu ile arttigin1 ve zooplankton tarafindan azaltildigini tahmin ettik. Ek olarak,
otlama modundan dolay1 kopepodlarin siliatlar tizerinde Daphnia'dan daha yiiksek
otlama baskisina sahip olacagini tahmin edildi. Hem DOC tiirlerinin hem de
zooplanktonun bakteri biyokiitlesi iizerinde 6nemsiz bir etkiye sahip oldugunu

bulduk. DOC, 6zellikle yaprak sizint1 suyunun, siliat biyokiitlesi iizerinde olumlu

vii



bir etkiye sahipken, zooplankton olumsuz bir etkiye sahipti. Genel olarak, yukaridan
asagiya etki, asagidan yukariya etkiden daha giiclitydii ve en gii¢lii zooplankton
etkisi kopepod - siliat bagindaydi. Ayrica DOC, siliatlarin fonksiyonel beslenme
gruplar iizerinde 6nemsiz bir etkiye sahipti ve kopepodlar, algivorlarin ve secici
olmayan siliatlarin nispi biyokiitlesini azaltti; bu, kopepodlarin sec¢iciliginin yeni bir

kanitrydi.

Anahtar Kelimeler: Yaprak Sizint1 Suyu, Humin Feed, Segicilik, Plankton,
Mikrobiyal Besin Ag1
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CHAPTER 1

INTRODUCTION

One of the major consequences of global climate change during the last decades is
extreme precipitation events (Tabari, 2020). These sudden and heavy rains cause
flooding worldwide. Floods bring lots of allochthonous matter, including nutrients
and particles, into lakes from the catchment area (Hongve et al., 2004; Carpenter et
al., 2005; IPCC, 2007; Mellilo et al., 2014; IPCC, 2014; Weyhenmeyer et al., 2016).
Dissolved organic carbon (DOC) is one crucial allochthonous matter for lake
ecosystems because it provides either labile or recalcitrant carbon (Tranvik, 1988;
Steinberg et al., 2008). Although research on DOC in the lakes has increased
(Solomon et al., 2015; Degerman et al., 2018), there are still unknowns regarding
how the freshwater ecosystems, particularly the microbial food web will adapt to

increased different types (i.e., quality) of DOC input.

Bacteria have been considered decomposers and nutrient recyclers in the classical
food web view (i.e., phytoplankton, zooplankton, fish). Still, after recognition of
microbial food web (i.e., bacteria, heterotrophic nanoflagellates, and ciliates), it is
seen that bacteria are also basal producers and competitors with phytoplankton for
nutrients (Pomeroy, 1974; Azam et al., 1983; Caston et al., 2009). Moreover, the
energy transfer through the food web depends on the primary producer
(phytoplankton or bacteria). In the classical food web view (autotrophic pathway),
primary consumers (i.e., zooplankton) directly consume phytoplankton. Then the
energy flows to upper trophic levels such as planktivorous or piscivorous fish
(Bronmark & Hansson, 2005). On the other hand, in the microbial food web
(heterotrophic pathway), bacteria can be directly consumed by heterotrophic
nanoflagellates (HNF) (Jurgens et al.,2000; Kisand et al., 2000; Sommer et al.,
2003), by ciliates (Foissner & Berger, 1996), by Daphnia (Riemann, 1985;



Christoffersen et al., 1993; Jeppesen et al., 1992; Modenutti et al., 2003). Ciliates
are top predators within the microbial food web (Sherr & Sherr, 2002; Calbet &
Landry, 2004) and link the heterotrophic pathway to autotrophic pathway via
consumption by mesozooplankton and higher trophic levels (Burns & Schallenberg,
2001; Calbet & Saiz, 2005; Brett et al., 2009). Moreover, interactions between
phytoplankton, bacteria, and ciliates also link these two pathways. For instance,
some phytoplankton (e.g., mixotrophs) are predators of bacteria (Sanders et al.,
1989; Hammer et al., 2005), some ciliates (algivorous & non-selective) consume
phytoplankton (Foissner & Berger, 1996), and bacteria can uptake nutrients released
from phytoplankton (autochthonous nutrients) (Azam et al., 1983). Therefore,
complex food web interactions are governed by bottom-up and top-down effects,
which need to be well investigated to understand and predict the impact of DOC

enrichment in freshwater ecosystems.

There is a growing interest in the ecological effects of increased DOC inputs in
freshwater systems (Mellilo et al., 2014), especially on phytoplankton vs. bacterial
production (Lebret et al., 2018). Both bottom-up elements (i.e., nutrients, light
availability, etc.) (Seekell et al., 2015; Carpenter et al., 2005) and top-down effects
(i.e., predation) (Cottingham et al., 2013; Carrick et al., 1991) control the dominance
of phytoplankton or bacteria in the ecosystem. For example, as seen in Figure 1,
before DOC addition, zooplankton mainly feeds on phytoplankton, the autotrophic
pathway is observed (Degerman et al., 2018). On the other hand, after DOC
addition, increased water color and nutrients enhance bacterial production, fueling
the heterotrophic pathway (Hessen, 1985; Tranvik, 1988; Solomon et al., 2015;
Degerman et al., 2018). When DOC is abundant in the aquatic ecosystems, bacteria
can win the competition over phytoplankton since bacteria have a larger surface
area: volume ratio than phytoplankton (Joint et al. 2002; Caston et al., 2009). Thus,
bacteria and their primary consumers (i.e., heterotrophic nanoflagellates) have a
critical role in transferring DOC to primary consumers (i.e., mesozooplankton) in
the classic autotroph-grazer food web (Azam et al., 1983; Caston et al., 2009).
Therefore, one of the expectations after DOC addition is a switch from the more

efficient autotrophic pathway (i.e., high energy transfer from bottom to the top of



the food web) to the less efficient heterotrophic pathway (i.e., low energy transfer
from bottom to the top of the food web, Degerman et al. 2018).

Ui v
Zoob&nk‘ton Zoog&nkmn

I t
DOC addition>

Figure 1: Autotrophic vs. heterotrophic pathway. It is adapted from Degerman et
al., 2018.

Previous studies show that DOC enters the food web by bacterial or phytoplankton
consumption (Graneli et al., 1999; Karlsson et al., 2007; McCallister & del Giorgio,
2008) and is transferred through higher trophic levels via autotrophic or microbial
food web (Tranvik, 1992; Kritzberg et al., 2004; Berggren et al., 2010; Faithfull et
al., 2012). To determine DOC effects on the food web, not only the quantity of DOC
(Solomon et al., 2015) but also its quality is a crucial determinant for consumption
by microbial food web (Catalan et al., 2013; Caldero-Pascual et al., submitted). The
quality of DOC depends on the origin of the carbon source and its availability for
uptake by bacteria. Leaf-leachate DOC (henceforth L) is an example of a labile
carbon source with the most rapid turnover times (i.e., easy to degrade). Also, L
contains other nutrients such as N and P (supports basal producers, Sondergaard &
Middelboe, 1995). In contrast, examples of poor quality of DOC include recalcitrant
carbon sources such as humic substances that are more resistant (i.e., difficult to
degrade) to microbial decomposition (Moran & Hodson 1990; Tranvik, 1988). For
example, HuminFeed® (henceforth HF; HuminTech GmbH, Grevenbroich,
Germany), which is a commercially available humic substance (e.g., leonardite),
can be isolated by lignite via alkaline extraction method (Meinelt et al., 2007).
Furthermore, HF has high C: N and C: P ratios (McKnight & Aiken 1998) and high



chromophoric properties (i.e., absorb light intensely, Williamson et al., 2015;
Minguez et al., 2020). Thus, the quality of HF is lower than the quality of L for
consumers. Hence, the question arises of how the quality of DOC can influence the

bottom-up effect on the food web, especially on the microbial food web.

In addition to DOC, zooplankton grazing traits like feeding selectivity can play a
major role in regulating the structure and function of aquatic ecosystems (Burns &
Schallenberg, 2001; Sommer & Sommer, 2003; Kierboe et al., 2011; Ger et al.,
2016). Selective grazers (i.e., calanoid copepods) can choose the type of food being
taken (e.g., large, nutrient-rich, etc.) and also have a relatively high prey size ratio,
as opposed to generalist grazers (i.e., Daphnia), which unselectively consume all
captured prey within the edible prey size range (50:1, Burns & Gilbert, 1993;
Hansen et al., 1994 & 1997; Wickham, 1995). Calanoid copepods can positively
select ciliates over phytoplankton owing to ciliates usually being the optimal prey
size range of copepods (18:1, Frost, 1972; Berggren et al., 1988; Hansen et al.,
1994), compared to some small or large-sized phytoplankton (e.g., picoplankton,
chain-forming diatoms) for consumption. Moreover, ciliates are more nutritious
than phytoplankton in nitrogen content (Stoecker & Capuzzo, 1990). Thus, they are
rich in proteins, amino acids, and polyunsaturated fatty acids (PUFA, Stoecker &
Capuzzo, 1990). Finally, ciliates swim faster than phytoplankton, creating a strong
detectable hydrodynamic signal, which acts as a cue for copepod grazing (Kierboe
& Visser, 1999). On the other hand, Daphnia consumes phytoplankton or ciliates
randomly, based on food size (DeMott, 1986; Burns & Gilbert, 1993). Therefore,
calanoid copepods can be expected to have a stronger link to ciliates and microbial
food web when compared to Daphnia (Adrian & Schneider-Olt, 1999; Burns &
Schallenberg, 2001). Moreover, calanoid copepods can change the relative
abundance of ciliates, while Daphnia is not expected to have significant effects on
the composition of ciliates (Burns & Gilbert, 1993; Wickham, 1995; Sommer &
Sommer, 2006). Nonetheless, such zooplankton grazing traits on the microbial food
web in freshwater ecosystems are not studied well, and even less so in regard to the

effects of DOC enrichment.



There is little empirical evidence for DOC effects on bacteria and ciliates. First,
DOC effects on the microbial food web components are less understood (Degerman
et al., 2018). Second, how the bottom-up effects of DOC interact with the top-down
effects of zooplankton and in this context, the effects of zooplankton with different
grazing traits (selective vs. generalist) are essentially unknown (i.e., in the context
of DOC and grazer interactions) (Brett et al., 2009; Cowles et al., 1988). Third,
while global warming is known to increase DOC runoff, the effects of different
DOC sources on the trophic interactions between zooplankton and the microbial
food web are not understood (Guillemette et al., 2016). Because of these gaps, we
are interested in evaluating the bottom-up (i.e., DOC) and top-down (i.e.,

mesozooplankton) effects on bacteria and ciliates.

For this purpose, we performed two experiments during a scenario of increased
DOC via zooplankton grazing assays, and these experiments were parallel to a 36
days mesocosm experiment (Y1ildiz et al., prep.; Yalgin et al., prep.; Caldero-Pascual
et al., submitted). First, the laboratory grazing experiment was performed to
quantify the effect of DOC together with contrasting zooplankton grazing traits. The
second was an in-situ mesocosm grazing assay to quantify the effects of DOC
quality and mesozooplankton grazing on bacteria and ciliate biomass and
composition. For the laboratory grazing experiment, hypotheses as follow; i)
increase in DOC would increase the biomass of bacteria and ciliates (i.e., DOC
would have a positive effect on bacteria and ciliate biomass), ii) both grazers
(Daphnia and copepods) would decrease the biomass of bacteria and ciliate, and iii)
the grazing pressure of copepods would be greater than Daphnia on ciliate biomass.
For the in-situ mesocosm grazing assay, hypotheses were i) leaf leachate DOC
would enhance bacteria and ciliate biomass compared to control (i.e., no DOC) and
recalcitrant source, and ii) grazers reduce bacteria and ciliate biomass compared to

no mesozooplankton control group.






CHAPTER 2

MATERIALS & METHODS

2.1  Experimental Design

211 Laboratory Grazing Experiment

A laboratory grazing experiment was conducted in the Department of Biological
Sciences at Middle East Technical University (METU), Ankara, Turkey (39.89 °N,
32.78 °E). This experiment aimed to measure the bottom-up effects of dissolved
organic carbon (i.e., DOC) and the top-down effects of zooplankton with contrasting
grazing selectivity (i.e., generalist and selective-feeder) on the biomass and
composition of microbial food web components (i.e., bacteria and ciliates) and
phytoplankton. The experiment had a 2x3 factorial design with a DOC treatment
(+DOC, -DOC) crossed with a zooplankton treatment (Daphnia, Copepod, no-
grazer), with four replicates of each treatment from June 17 to June 21, 2019 (i.e.,
four days). The DOC treatment contained a mix of two types of dissolved organic
carbon sources, which were a recalcitrant C source (i.e., HuminFeed®, R), and a
labile C source (i.e., leaf-leachate DOC, L) (Table 1, Fig. 2). The zooplankton
treatment included equal biomass of two different zooplankton functional groups
with contrasting grazing selectivity (i.e., Daphnia as generalist grazers and calanoid

copepods as selective grazers).



Table 1: The design of the laboratory experiment.

No Grazer (i.e., Daphnia Copepod
grazer control)
No DOC (i.e., -DOChno grazer -DOCpaphnia -DOCcopepod
DOC control)
Addition of DOC | +DOCno grazer +DOCpaphnia +DOCcopepod

Initial Bacteria & Ciliate Biomass

/
8-t

—

@ ipoc  Final Bacteria & Ciliate Biomass

Figure 2: Basic experimental design of the laboratory experiment.

2.1.1.1  Preparations Before Conducting the Laboratory Experiment

Before the laboratory experiment started, phytoplankton cultures were obtained
from the Norwegian Institute for Water Research (NIVA) culture collection. Both
the mixotrophic Cryptomonas pyrenoidifera and the autotroph Chlamydomonas
reinhardtii were maintained in Wright’s Cryptophyte (WC) medium at the

exponential growth phase via semi-continuous batch cultures, under a 60 um photon

m-2 s-1 light intensity, 14:10 hour L:D cycle, and at 22 + 1 °C (Fig. 3).




Figure 3: Phytoplankton culture set-up under a 60 pm photon m s™! light intensity,
14:10 hour L:D cycle, and at 22 + 1 °C.

For the laboratory experiment, we would like to test the grazing interactions of the
relevant zooplankton species and those dominated during the main mesocosm
experiment. Accordingly, zooplankton cultures were created by using the dominant
(i.e., biomass) two species of calanoid copepods and one species of Cladoceran
collected by using 250 um zooplankton net, from five different lakes nearby Ankara
(i.e., their trophic states varied from oligotrophic to eutrophic). The calanoid
copepod species used in the laboratory experiment were Acanthodiaptomus
denticornis from Lake Yenigaga, with a mean body length (i.e., prosome and
urosome) of 1.39 + 0.36 um (SD, n = 22), and Arctodiaptomus bacilliferus from
Lake Mogan, which had a mean length of 1.14 + 0.32 um (SD, n = 22). The
Cladoceran species was Daphnia magna, also from Lake Mogan, which was
medium-sized (~ 2-3 mm). Zooplankton cultures were maintained in GF/C filtered
lake water and fed with an equivalent of 0.5 mg C L™! of a 1:1 biomass of the cultured

phytoplankton described above every three days until the grazing experiment (Ger



et al., 2010). Animals were starved for 24 hours before the grazing experiment to
minimize potential differences in prey ingestion due to variable gut fullness.

The +DOC and —DOC treatments were prepared in 10 liters buckets (for each) by
mixing 45um filtered lake (mesocosm) water with (for the +DOC treatment) or
without (for the —-DOC treatment) the two DOC sources. The buckets were spiked
with nutrients (i.e., a final concentration equivalent to the final WC nutrient
medium) to minimize nutrient limitation or any potential differences due to
unaccounted nutrients added by the DOC solution during the grazing assay. The
DOC mixture for the +DOC treatment was prepared with a final concentration of
10.91 ppm before starting the laboratory experiment. For the addition of
HuminFeed® (7 ppm final concentration), 70 mL of 1 g/L stock solution was diluted
in 10 liters of distilled water. The leaf-leachate DOC source was extracted from dry
leaves of the locally abundant white poplar (Populus alba) by adding 60 g dry leaves
per liter, in a total of 4 liters (240 g/4L) of distilled water, which was stored at 4 °C
in the dark. After 72 hours of incubation, the concentration of the stock leaf-leachate
DOC solution was measured as 342 ppm (Shimadzu TOC-L/CPN analyzer, Japan).
For adding 3.91 ppm (final concentration) of leaf-leachate DOC, 114.3 mL of the

stock DOC solution was filtered through 45 pm mesh before dilution in the 10 liters
+DOC bucket (Fig. 4).

Figure 4: Preparation of the laboratory experiment mediums in the 10 liters of -
DOC (left) and +DOC (right) buckets before being allocated to the individual
experimental units.

10



2.1.1.2  Performing the Laboratory Experiment

After full homogenization of DOC solution (via gentle mixing by a clean 1-liter
beaker), an equivalent of 0.25 mg C L' of Cryptomonas pyrenoidifera and
Chlamydomonas reinhardtii were added to the buckets to reach the total
concentration of 0.5 mg C L' phytoplankton in addition to the natural
phytoplankton community to minimize variability among jars. Subsequently, 12
previously acid-washed 0.6 L glass jars were filled with 0.55 L water from the
+DOC bucket (i.e., +DOC treatment), while another 12 previously acid-washed 0.6
L glass jars were filled from the -DOC bucket (i.e., -DOC treatment), which resulted
in 24 experimental units. All glass jars were slightly bubbled (~ 5 bubbles/s) to
homogenize suspended prey and ensure adequate oxygen. Once the contents were
homogenized (after about 5 minutes and gentle mixing by a plastic pipette tip), the
initial (day 0) samples were taken for phytoplankton (50 mL) and bacteria (10 mL)
from each replicate. Finally, the grazers were added as 2 medium-sized (2-3 mm)
Daphnia/jar to the Daphnia treatments and 30 adult copepod/jar to the copepod
treatments. The total biomass of 30 copepods was comparable to the total biomass
2 medium-sized Daphnia (see below), and therefore, each jar with grazers had
similar zooplankton biomass. After the grazers' addition to grazer treatments, the
four-day-long laboratory experiment started (Fig. 5). The experiment was
maintained under identical conditions as the phytoplankton cultures (see above).
The final grazer biomass (i.e., day 4) was measured and confirmed that each with
grazer treatment had comparable biomass, with copepod treatments were a mean of
0.75 mg (£ 0.10, n = 8) per jar, and Daphnia treatments a mean of 0.88 mg (= 0.17,
n = 8) per jar regardless of DOC treatment. This enables a quantitative comparison
of the mass-specific grazing effect between Daphnia vs. copepods on bacteria and
ciliates during the experiment. In addition to the initial (day 0) samples, additional
subsamples for phytoplankton (50 mL), ciliates (50 mL), and bacteria (10 mL) were
gently (i.e., without damaging the mesozooplankton grazers) taken by using 10 mL
pipettes with sterile tips in the middle (i.e., day 2) and at the end (i.e., day 4) of the
experiment. Sampling details are provided below.
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Figure 5: The laboratory experiment showing the random placement of treatment
and control jars with the visible DOC addition. The experimental set-up was
maintained under 60 um photon m? s! light intensity, 14:10 hour L:D cycle, and at
22 +1°C.

2.1.2 In-situ Mesocosm Grazing Assays

The in-situ mesocosm grazing assays were parallel to a 36 days mesocosm
experiment, which was conducted in the Experimental Lake at Middle East
Technical University (METU), Ankara, Turkey (39° 52' 13.18" N, 32° 46' 31.92"
E). There were 16 cylindrical-shaped mesocosms with a diameter of 1.2 m and 2.2
m depth (volume 2480 L) on the floating mesocosm platform. A submersible pump
filled each mesocosm with 500 um filtered lake water. Plankton inoculation was
performed by using zooplankton (250 pum zooplankton net) and phytoplankton
sample mix from five local lakes to have a heterogeneous plankton community
before nine days of the experiment started. The experimental setup was control (no
DOC), leaf-leachate DOC (L, ~8 mg C L) as a labile C source, HuminFeed® (R,
~1.5 mg C L?) as a recalcitrant C source, and a combination of leaf-leachate and

12



recalcitrant C sources (Mixed, ~9.5 mg C L™). We used leaves of alder tree (Alnus
sp.) while preparing leaf-leachate C source. The main mesocosm experiment started
with adding different DOC sources into mesocosms where they were randomly

placed, respectively (Day 0 — June 20, 2019).

24-h short-term grazing assays were designed to quantify and compare the top-down
effect of zooplankton on bacteria, ciliate, and phytoplankton biomass in each
mesocosm tank and across the different DOC treatments during the long-term
mesocosm experiment (see above). The main (i.e., long term) mesocosm
experiment had a 4x4 factorial design (replicated four times) with four different
DOC treatments (no DOC control (i.e., C), leaf-leachate DOC (i.e., L), recalcitrant
DOC (i.e., R), and combination of leaf-leachate DOC and recalcitrant DOC (i.e.,
Mixed). Treatments of in-situ mesocosm grazing assays were identical to the main
mesocosm experiment, crossed with two grazer treatments consisting of a no
mesozooplankton control (i.e., no mesozooplankton present; -Z) and with grazer
treatment (i.e., containing >200 pm mesozooplankton; +Z) (Table 2, Fig. 6). We
performed two in-situ grazing assays to account for potential changes within the
plankton community and microbial food web following the DOC addition. The first
assay took place after one day of DOC addition (June 21, 2019), and the second
assay took place four days after DOC addition (June 24, 2019) to the mesocosm
system.

Table 2: The design of in-situ mesocosm grazing assays.

Without Mesozooplankton | With Mesozooplankton

No DOC C CZ+
Leaf-leachate DOC | L LZ+
Recalcitrant DOC R R Z+
Leaf-leachate DOC | Mixed Mixed Z+

& Recalcitrant DOC
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Figure 6: Basic experimental design of the in-situ mesocosm grazing assays.

To perform in-situ grazing assays, we used two white opaque 0.5 L plastic bottles,
which were placed in each mesocosm (Fig. 7). By using a tube sampler, a 15 L water
sample from each mesocosm was taken and filled into buckets of each mesocosm.
For no mesozooplankton control (-Z), one of the bottles was filled with 200 um
filtered mesocosm water, which contained only seston and microzooplankton. For
the addition of mesozooplankton (+Z) treatment, the second bottle was also filled
with 200 pm filtered mesocosm water and concentrated mesozooplankton from each
tank (contents remaining on 200pm mesh after filtering 5 L of mesocosm water)
was added. The initial concentration of seston and zooplankton for both in-situ
mesocosm experiments was assumed to be identical to those of the mesocosm at the
time of sampling (>200 um). Zooplankton samples of the main experiment were
collected by filtering 5 L of mesocosm water through a 45 um zooplankton net, and
contents on the net were put in a 50 mL dark bottle. A day (24 h) later, the bottles
were immediately brought back to the laboratory in a cool, dark box. Then, a 50 mL
subsample for bacteria, a 100 mL subsample for ciliates, and a 50 mL subsample
for phytoplankton analyses were taken after homogenizing the contents of each

bottle. Sampling details are provided below.
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Figure 7: The in-situ mesocosm grazing assay bottles in a mesocosm.

2.2 Sample Preservation and Counting

221 Bacteria

Subsamples for bacteria were fixed with glutaraldehyde (Sigma Aldrich) to a final
concentration of 2% (v/v) and stored at -20 °C until enumeration. Bacteria samples
were stained for 30 min with 4’6-diamidino-2-phenylindole (DAPI, Sigma Aldrich)
at a final concentration of 10 uL DAPI mL™. For counting bacteria, 2 mL of
subsamples were filtered by using 0.2 um pore size black Nuclepore filters. The
abundance of bacteria was determined by direct counting of cells under 1500X
magnification of epifluorescence microscopy (Leica, DM 6000B, Wetzlar,
Germany). For each sample, at least 400 bacteria cells from different fields were
counted by using a 420 nm UV filter. Counted filters were stored at -20 °C. A factor
of 0.22 pg C um™ was used for conversion to carbon biomass for bacteria (Bratback
& Dundas, 1984; Borsheim & Bratback, 1987).

2.2.2 Ciliate

Subsamples for ciliates were fixed with acidic Lugol’s iodine (Sigma Aldrich) to a
final concentration of 4% (v/v)) and stored at room temperature at dark until

enumeration. Utermohl's (1958) counting procedure was performed by using
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sedimentation chambers. Ciliates were counted under 630X magnification of an
inverted microscope (Leica DMI 4000B, Wetzlar, Germany), and taken photos of at
least 30 individuals of one species with a digital camera (Leica DFC280, Wetzlar,
Germany). For each sample, at least 300 ciliate cells or the entire chamber were
counted. The genus or species of ciliates were identified according to Foissner,
Berger & Schaumburg (1999). The length and width dimensions of animals were
measured by ImageJ software. Biovolumes of ciliates were calculated based on an
appropriate geometric shape (Sun & Liu, 2003). A factor of 0.14 pg C um™ was
used to convert biovolume to carbon biomass for ciliates (Putt & Stoecker, 1989).

Ciliates were classified into four functional feeding groups based on their food
preference (i.e., main food). The algivore and bacterivore groups are assumed to
specialize in ingesting mostly algae or bacteria, respectively. The predator group
was supposed to feed on other heterotrophic protozoa, mostly small ciliates, while
the nonselective group was assumed to feed on algae and bacteria (Foissner &
Berger, 1996).

2.2.3 Zooplankton

Subsamples for zooplankton were fixed with acidic Lugol’s iodine (Sigma Aldrich)
to a final concentration of 4% (v/v)) and stored at room temperature at dark until
enumeration. Zooplankton was counted under 10X magnification of a
stereomicroscope (Leica M125, Wetzlar, Germany), and taken photos of at most 25
individuals. The genus or species of zooplankton were identified according to
Scourfield & Harding (1966) and Harding & Smith (1974). The dry weight of the
zooplankton was calculated based on the allometric relationship between weight and
body size (Dumont et al., 1975; Bottrell et al., 1976; Ruttner-Kolisko, 1977;
McCauley, 1984; Yildiz et al., prep.).
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2.3 Statistical Analysis

2.3.1 Bacteria and Ciliate Biomass Analysis

In both experiments, additive generalized linear models (i.e., GLM, Biomass ~ DOC
+ grazer) were used to test if there was a difference between treatments of both DOC
and grazers on the biomass of bacteria and ciliates relative to controls (i.e., -DOC
or —Z, respectively) through the glm function in statistical package R Version
1.3.959 software (R Core Team, 2020). In the laboratory experiment, paired t-tests
were used to compare changes in biomass over time among the treatments via the

t.test function in the stats package.

Data from the laboratory experiment were log (x+1) transformed, while data of in-
situ mesocosm experiment were log (x) transformed to attain the assumptions of
linear models (i.e., normal distribution). Zooplankton data of the in-situ mesocosm
experiments were normal, and variances were homogenous, so the data did not
require any transformation. The normality of distribution and homogeneity of
variance was tested with a Shapiro-Wilk test and Levene’s test through shapiro.test
function of the stats package and leveneTest of the car package, respectively, and
with diagnostic plots.

2.3.2 Effect Size Analysis of Bacteria and Ciliate Biomass

The effect size metric was used to compare the normalized effect of a given
treatment on the biomass of bacteria or ciliates when compared to the control group,
which enables a quantitative comparison of the treatment effects (e.g., DOC vs.
grazer effects) on a given response variable (i.e., bacteria and ciliate biomass) across
the same effect scale. Log response ratios (In R) and sampling variances were
calculated to show the relative increase or decrease of the response variable in the
treatment compared to its control group by dividing the treatment biomass with the
respective control (Hillebrand & Gurevitch, 2016). For the laboratory experiment,

the calculations were performed by using biomass of bacteria or ciliates to observe
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the effect of DOC or grazing treatments, respectively, using biomass data from the
end (day 4) of the laboratory experiment (Table 3). Hence, for the laboratory
experiment, the ‘treatment’ for calculating the DOC effect was the bacteria or ciliate
biomasses in the jars that received DOC (i.e., +DOC), while the ‘control’ for
calculating the DOC effect is the bacteria or ciliate biomass in the jars that did not
receive DOC (i.e., -DOC). Similarly, the ‘treatment’ for calculating the grazer effect
was the bacteria or ciliate biomasses in the jars that received a zooplankton grazer
(i.e., either Daphnia or copepod), while the ‘control’ for calculating the grazer effect
Is the bacteria or ciliate biomass in the jars without any grazers (i.e., no-grazer). The
designation of biomass to estimate the effect size for the mesocosm grazing assays
was similar (Table 4), such that the ‘treatment’ for grazer effect size is the bacteria
or ciliate biomass in the bottles that received the in-situ mesozooplankton grazer
community (+Z), while the ‘control’ for calculating the grazer effect is the bacteria
or ciliate biomass in the jars without any grazers (i.e., -Z). Similarly, the ‘treatment’
for calculating the DOC effect is the bacteria or ciliate biomass in the bottles that
were in the mesocosm tanks receiving one of the three DOC sources (i.e., R, L,
Mixed), while the ‘control’ for calculating the DOC effect is the phytoplankton
biomass in the bottles that were in the mesocosm tanks that did not receive any DOC
(i.e.,-DOC). The specific formula used to calculate the effect size values are shown
in Table 3 (laboratory experiment) and Table 4 (in-situ grazing assay). The two
effect size categories (i.e., DOC and Grazer) were calculated for specific treatments
as shown below. Values in the formula represent the bacteria or ciliate biomass

within that given treatment at the end of the experiment (day4).
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Table 3: The log-ratio formula (In R) used to calculate the effect size of either
DOC or grazers on bacterial or ciliate biomasses in the laboratory experiment.

Treatment InR

No grazer In (+DOCno grazer/-DOCno grazer)

Copepod In (+DOCcopepod /-DOCcopepod)
DOC Effect Size Daphnia In (+DOCpaphnia/-DOCpaphnia)

+DOC Copepod | In (+DOCcopepod / +DOCho

grazer)

-DOC Copepod | In (-DOCcopepod /-DOChro grazer)
Grazing Effect Size | +DOC Daphnia | In (+DOCpaphnia/ +DOCno grazer)

-DOC Daphnia | In (-DOCpaphnia / -DOCho grazer)

Table 4: The log-ratio formula (In R) used to calculate the effect size of either
DOC or grazers on bacteria or ciliate biomasses in the in-situ grazing assays.

Treatment InR
No DOC control (C) In(Cz+/C)
Grazing Effect Recalcitrant DOC (R) In(Rz+/ R)
Leaf-leachate DOC (L) In(Lz+ /L)
Mixed In(Mixedz+ / Mixed)
R Z+ In(Rz+ / Cz+)
R In(R/C)
DOC Effect L Z+ In(Lz+ / Cz+)
L In(L/C)
Mixed Z+ In(Mixedz+ / Cz+)
Mixed In(Mixed / C)
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2.3.3 Analysis of Functional Feeding Groups of Ciliates

In the laboratory experiment, biomass data of functional feeding groups of ciliates
were log (x) transformed for normality. An additive generalized linear model (i.e.,
GLM, Biomass ~ DOC + grazer, Biomass% ~ DOC + grazer) was used to test if
there was a difference between treatments of both DOC and grazers on biomass and
relative biomass of ciliate functional feeding groups on each sampling day. The
change in relative biomass over time was analyzed by Mann Whitney Wilcoxon test
through wilcox.test in R. In the in-situ mesocosm assay, biomass data of functional
feeding groups of ciliates were log (x) transformed for normality. The additive
generalized linear model (i.e., GLM, Biomass ~ DOC + grazer, Biomass% ~ DOC
+ grazer) was used to analyze the biomass and relative biomass of feeding groups
of total ciliates with respect to the presence of mesozooplankton and the type of
DOC in each experiment. The effect size of functional feeding groups in the
laboratory experiment was calculated using the mean biomass values of each
functional feeding group (i.e., algivore, bacterivore, nonselective, predator)

according to the formula shown in Table 3 or Table 4, respectively.

20



CHAPTER 3

RESULTS

3.1 Laboratory Grazing Experiment

3.1.1 Effects of DOC and Zooplankton Treatments on Bacteria and
Ciliate Biomass

3.1.11 Bacteria

According to general linear model (GLM) analysis, there was no significant effect
of either the bottom-up (i.e., DOC) or the top-down (i.e., grazer) on bacteria biomass
throughout the experiment (Table 5). Neither the copepods nor the Daphnia changed
the biomass of bacteria. At the beginning of the experiment (i.e., day 0), the mean
bacteria biomass values were 45.5 £ 11.3 and 35.6 + 7.2 pg CI (n=12) for +DOC
and -DOC treatments (i.e., with and without DOC), respectively (Fig. 8A). After
two days (i.e., day 2), the mean biomass of bacteria in -DOC treatments were
doubled, and the value was 69.3 + 14.6 pug CI (n=12), and in +DOC treatment, it
also increased to 65.9 = 17.4 ug CI (n=12) (Fig. 8B). At the end of the experiment
(i.e., day 4), in both +DOC and -DOC treatments, the mean biomass of bacteria
reduced to 51.0 = 8.0 and 53.5 £ 11.6 pg CI (n=12), respectively (Fig. 8C).
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Figure 8: Boxplots showing the median biomass (ug C/ L) of bacteria across the
grazer and DOC treatments in (A) Day 0, (B) Day 2, (C) Day 4.
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Table 5: General Linear Model (GLM) analysis results of total bacteria biomass in
relation to the treatments (DOC or grazer) relative to respective controls
throughout the experiment. (Biomass ~DOC + Grazer)

Day | Dependent | Independent | Estimate | Standard | tval. | P val.
Variable | Variable/ Deviation
(y) Factor (x)
0 Bacteria DOC 0.21715 | 0.13372 1.624 | 0.120
0 Bacteria Copepod 0.14611 | 0.16378 |0.892 | 0.383
0 Bacteria Daphnia 0.05955 | 0.16378 |0.364 |0.720
2 Bacteria DOC -0.07963 | 0.17741 -0.449 | 0.658
2 Bacteria Copepod 0.24226 |0.21728 |1.115 |0.278
2 Bacteria Daphnia 0.07583 | 0.21728 |0.349 |0.731
4 Bacteria DOC -0.01342 | 0.15229 -0.088 | 0.931
4 Bacteria Copepod -0.14158 | 0.18652 | -0.759 | 0.457
4 Bacteria Daphnia -0.01300 | 0.18652 | -0.070 | 0.945

3.1.1.2 Ciliates

There was a significant negative effect of zooplankton grazers on ciliate biomass,
but no significant effect of DOC (Table 6). Moreover, grazer effects were observed
mainly on the last day (day 4) of the experiments, with ciliate biomass reduced in
both Daphnia and copepod treatments compared to the no-grazer control. The ciliate
biomass in the copepod treatment was lower than the no-grazer at the start of the
experiment (day 0) and also on day 2 (Table 6). However, this was due to a single
treatment (i.e., -DOCcopepod), Which started with lower ciliate biomass compared to
the other copepod treatments (Table 8).

At the beginning of the experiment (i.e., day 0), the mean biomass of ciliates in -
DOC and +DOC treatments were 3.82 = 0.07 and 4.6 + 0.26 png CI (n=12),
respectively (Fig. 9A). The initial ciliate biomass was similar across all treatments,
except for the -DOCcopepod treatment, which had about 30% less ciliate biomass
compared to the no-grazer (t = -4.2047, p = 0.005657) and Daphnia (t = -4.6838, p
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= 0.00339) treatments (Fig. 9A). There was no significant change in the total mean
ciliate biomass in the first two days of the experiment for any of the treatments
(Table 7, Fig. 9). In contrast, between days 2-4, ciliate biomass increased by 7-8
fold in the no-grazer controls and by 3-4 fold in the treatments with Daphnia (Table
7, Fig. 9). Yet, during the same time, ciliate biomass in the treatments with copepods
(-DOC or +DOC) remained similar to the initial conditions (Table 7, Fig. 9). Hence,
by the end of the experiment (i.e., day 4), both copepods and Daphnia had a
significant negative effect on ciliate biomass (in both +DOC and -DOC treatments),
though copepods reduced ciliate biomass by 16-18 fold, while Daphnia by a factor
of 2-3-fold compared to no-grazer controls (Table 6, Fig. 9C). Taken together, while
both zooplankton treatments significantly reduced ciliate biomass, the effect of
copepods was stronger than that of Daphnia (Table 6, Fig. 9). Indeed, ciliate
biomass was significantly higher by a factor of 6-10 times in the Daphnia treatments
compared to those with copepods (Table 6).

In contrast to the top-down effect of grazers, DOC addition had no significant effect
on ciliate biomass throughout the experiment, regardless of the presence or type of
grazer (Table 6). Indeed, ciliate biomass was similar among the +DOC and -DOC
treatments for any given day. Overall, grazers reduced ciliate biomass (with
copepods having a stronger effect than Daphnia), while DOC had no effect on ciliate
biomass Table 6, Fig. 9).
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Table 6: General Linear Model (GLM) analysis results of total ciliate biomass in
relation to the treatments (DOC or grazer) relative to respective controls throughout
the experiment. (Biomass ~DOC + Grazer)

Day | Dependent | Independent | Estimate | Standard | t val. P val.
Variable | Variable/ Deviation
(y) Factor (x)
0 Ciliate DOC 0.09016 |0.12488 |0.722 |0.478
0 Ciliate Copepod -0.41625 | 0.15295 |-2.722 |0.013*
0 Ciliate Daphnia -0.07207 | 0.15295 |-0.471 | 0.642
2 Ciliate DOC 0.1040 0.1042 0.999 |0.330
2 Ciliate Copepod -0.2756 | 0.1276 -2.160 | 0.043 *
2 Ciliate Daphnia -0.1107 | 0.1276 -0.868 | 0.396
4 Ciliate DOC 0.1185 0.1728 0.686 | 0.500
4 Ciliate Copepod -2.4366 | 0.2117 -11.511 | 2.83e-
10 ***
4 Ciliate Daphnia -0.7608 | 0.2117 -3.594 | 0.001
*ok

Table 7: Paired t-test results for comparison of ciliate biomass change in time in
the laboratory experiment.

DOC | Grazer Day |Day | Mean of t-value | df p-value
treatment | X Y differences

Yes | Nograzer |4 2 1.924648 10.621 |3 0.001783
Yes | Copepod |4 2 -0.2057324 | -3.1094 | 3 0.05291
Yes | Daphnia |4 2 0.9312579 |3.7811 |3 0.03242
Yes | Nograzer |2 0 -0.0936995 | -0.5434 |3 0.6246
Yes | Copepod |2 0 0.04436971 | 0.18102 | 3 0.8679
Yes | Daphnia |2 0 0.07247267 | 0.29742 | 3 0.7855
No No grazer | 4 2 1.701653 10.99 3 0.001613
No | Copepod |4 2 -0.4899652 | -2.3133 | 3 0.1037
No Daphnia | 4 2 1.394928 20.129 |3 0.000268
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No No grazer 0 0.02726417 | 0.40446 | 3 0.713
No Copepod 0 0.1704849 |1.2201 |3 0.3096
No Daphnia 0 -0.2162055 | -1.8791 | 3 0.1568

Table 8: Two-sample t-test results for equality of means of ciliate biomass in
grazer treatments in the presence and absence of DOC. [*DO0 Daphnia ciliate data
was not homogenous, Welch test was run.]

Day | DOC | Grazer | Grazer | Mean | Mean | t- df p-value
X Y of X |ofY |value
4 Yes | Copepod | NoGrazer | 1.233 | 3.696 |-7.36 |6 0.0003214
4 Yes | Daphnia | NoGrazer | 2.662 | 3.696 |-2.42 |6 0.05142
4 Yes | Copepod | Daphnia | 1.233 | 2.662 |-4.92 |6 0.002655
4 No Copepod | NoGrazer | 0.968 | 3.377 |-9.39 | 6 8.282e-05
4 No Daphnia | NoGrazer | 2.890 | 3.377 | -2.27 |6 0.06342
4 No Copepod | Daphnia | 0.968 | 2.890 |-8.86 |6 0.0001149
2 Yes | Copepod | NoGrazer | 1.438 | 1.772 |-1.42 |6 0.2039
2 Yes | Daphnia | NoGrazer | 1.731 | 1.772 |-0.18 | 6 0.8571
2 Yes | Copepod | Daphnia | 1.438 | 1.731 |-3.00 |6 0.02388
2 No Copepod | NoGrazer | 1.458 | 1.676 |-1.59 |6 0.1626
2 No Daphnia | NoGrazer | 1.495 | 1.676 | -0.88 |6 0.4102
2 No Copepod | Daphnia | 1.458 | 1.495 |-0.20 | 6 0.8473
0 Yes | Copepod | NoGrazer | 1.394 | 1.865 |-1.63 |6 0.1524
0 Yes | Daphnia | NoGrazer | 1.658 | 1.865 |-0.71 | 5.42 | 0.5049
0 Yes | Copepod | Daphnia | 1.394 | 1.658 |-0.79 | 5.99 | 0.4558
0 No Copepod | NoGrazer | 1.287 | 1.649 |-4.20 | 6 0.005657
0 No Daphnia | NoGrazer | 1.711 | 1.649 | 0.74 |5.92 | 0.4854
0 No Copepod | Daphnia | 1.287 | 1.711 | -4.68 | 5.99 | 0.00339
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3.1.2 Effect Size of DOC and Zooplankton Treatments on Bacteria and
Ciliate Biomasses

The effect size of the treatments (DOC and grazers) on bacterial biomass was either
positive or negative, with mean effect size values ranging from -0.4 to 0.2 depending
on the treatment. Specifically, while the mean effect size of DOC on bacterial
biomass was positive (~0.2) in the Daphnia and no-grazer treatments, it was
negative (~-0.4) in the copepod treatments (Fig. 10A). The mean effect size of
grazer treatments on bacterial biomass also varied among copepods and Daphnia
and a given grazer treatment depending on the presence of DOC. Specifically, the
effect size of Daphnia was similar to zero (i.e., no effect) regardless of the DOC
treatment (Figure 10B). In contrast, the effect size of copepods on bacterial biomass
was either positive (-DOC treatment) or negative (+DOC treatment), with similar
absolute values (Fig. 10B). Overall, the top-down effect size of copepods and
bottom-up effect size of DOC on bacterial biomass was variable but similar in terms
of absolute values (<0.5), while the top-down effect of Daphnia had an effect size

value similar to zero.

The effect size of DOC on ciliate biomass was positive (~0.2-0.4) in the no-grazer
and copepod treatments but negative (~-0.2) in the Daphnia treatments (Fig. 10C).
In contrast, the effect size of both grazers (i.e., Daphnia and copepod) on ciliate
biomass was negative, though there were differences among their effects.
Specifically, the mean effect size value was about -2.8 (+ 0.2 CI) in the copepod
treatments (regardless of DOC); while it was about -1.1 (+ 0.25 CI) in the Daphnia
treatment with DOC, and about -0.5 (= 0.14 CI) in the Daphnia treatment DOC.
Hence, the top-down effect size of copepods was > 2x stronger than Daphnia in the
+DOC treatments and > 5x stronger compared to the -DOC treatments. Overall, the
top-down effect of both grazers on ciliate biomass was stronger (i.e., effect size
values between -0.5 and -2.8) compared to the bottom-up effect of DOC (effect size

values between -0.2 and +0.5) when measured via effect size (Fig. 10D).

The effect size schema summarized the average effects of DOC and grazer on

bacteria and ciliates on the last day (day 4) of the laboratory experiment,
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respectively (Fig. 11). The blue color indicates the positive effect, while the red
color shows a negative effect (Fig. 11). DOC has been placed to the bottom to show
the bottom-up effect, and Daphnia and copepod have been placed to the top to show
the top-down effect. The thickness of arrows depends on how strong the effect is
(i.e., thick arrows indicate a stronger effect) (Fig. 11). The effects were calculated
with respect to the control group (i.e., DOC effect relative to no DOC control,
Daphnia effect relative to no grazer control). On day 4, both DOC and grazers had
a negative effect on bacteria, and these effects were weaker compared to effects on
ciliates. On the other hand, DOC had a positive effect on ciliate biomass, while both
Daphnia and copepods had a stronger negative effect. The strongest negative effect

was copepod grazing on ciliates (Fig. 11).

Taken together, the effect of DOC addition on bacteria and ciliate biomass was
relatively weak (mean absolute values <0.5) and variable in terms of direction
(positive or negative). Similarly, the top-down effect of zooplankton on bacteria
biomass was also relatively weak (mean absolute values <0.4) and also variable in
terms of direction (positive or negative). In contrast, the top-down effect of
zooplankton on ciliate biomass was stronger (mean absolute values between 0.5 —
2.8), always negative, and the strongest effect size values observed for treatments
with copepods (mean value -2.8), followed by treatments with Daphnia (mean value
-1.1 (+DOC), -0.5 (-DOC)). Hence, top-down grazer effects on bacteria and ciliate
biomass were significantly stronger than the bottom-up effects of DOC addition.
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3.13 Effect of DOC and Zooplankton Treatments on Ciliate Functional
Feeding Groups

3.1.3.1  Biomass and Relative Biomass of Ciliate Functional Feeding Groups

At the start of the experiment, bacterivores dominated the relative and absolute
ciliate biomass (~60% of total), followed by nonselective (~20% of total), followed
by algivores and predators across all treatments (Fig. 12). This pattern continued on
the second day as well (Fig 12). By the end of the experiment, however, nonselective
ciliates dominated (>50% of total biomass) the treatments with no grazers and
Daphnia regardless of DOC (Table 9), while bacterivores continued to dominate in
the copepod treatments (Table 9). Hence, in the treatments with no grazers and
Daphnia, the ciliate functional group dominance switched from bacterivores to
nonselectives during the experiment. In contrast, the copepod treatments (-DOC and
+DOC) had higher relative biomass of bacterivores and lower relative biomass of
the algivore and nonselective ciliates, while Daphnia treatments had no significant
difference on the relative dominance of functional feeding groups compared to no
grazer controls on day 4 (Table 9). Overall, DOC had no significant effect on the
relative biomass of ciliate functional groups during the experiment and hence, there
were no bottom-up effects of DOC on ciliate composition. (Table 9). Moreover,
copepods reduced the relative biomass of algivores and non-selective ciliates when

compared to the no-grazer and Daphnia controls.
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Table 9: General Linear Model (GLM) analysis results of relative biomass of ciliate
functional feeding groups depend on DOC or grazer throughout the experiment.
(Biomass% ~DOC + Grazer)

Day | Dependent | Independent | Estimate | Standard | tval. | P val.

Variable (y) | Variable/ Deviation

Factor (x)

4 Algivore DOC 0.1688 0.4007 0.421 | 0.6786
4 Algivore Copepod -1.6210 | 0.5042 -3.215 | 0.0048
4 Algivore Daphnia -0.2975 | 0.4627 -0.643 | 0.5284
4 Bacterivore | DOC -0.3436 | 0.3058 -1.124 | 0.274486
4 Bacterivore | Copepod 1.7516 0.3746 4.677 | 0.000145
4 Bacterivore | Daphnia 0.3710 0.3746 0.991 | 0.333693
4 Nonselective | DOC -0.5457 | 0.4099 -1.331 | 0.198055
4 Nonselective | Copepod -2.0859 | 0.5020 -4.156 | 0.000489
4 Nonselective | Daphnia -0.0234 | 0.5020 -0.047 | 0.963278
4 Predator DOC 0.2743 | 0.4391 0.625 | 0.54010
4 Predator Copepod 2.2708 0.5304 4.281 | 0.00045
4 Predator Daphnia 0.3626 | 0.5469 0.663 | 0.51573
2 Algivore DOC -0.2834 | 0.2793 -1.015 | 0.322
2 Algivore Copepod -0.1069 | 0.3421 -0.312 | 0.758
2 Algivore Daphnia -0.3122 | 0.3421 -0.913 | 0.372
2 Bacterivore | DOC 0.05543 | 0.0435 1.275 | 0.217
2 Bacterivore | Copepod -0.00093 | 0.0532 -0.017 | 0.986
2 Bacterivore | Daphnia 0.051672 | 0.0532 0.971 |0.343
2 Nonselective | DOC -0.08215 | 0.1210 -0.679 | 0.505
2 Nonselective | Copepod 0.11341 | 0.1482 0.765 | 0.453
2 Nonselective | Daphnia -0.15374 | 0.1482 -1.037 | 0.312
2 Predator DOC -0.01956 | 0.3178 -0.062 | 0.95157
2 Predator Copepod -1.04322 | 0.3799 -2.746 | 0.01283
2 Predator Daphnia -1.17737 | 0.3938 -2.989 | 0.00753
0 Algivore DOC -0.2645 | 0.2993 -0.884 | 0.3874
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0 Algivore Copepod 0.4575 0.3666 1.248 | 0.2265
0 Algivore Daphnia 0.6459 0.3666 1.762 | 0.0934
0 Bacterivore | DOC 0.1242 0.0621 2.000 | 0.0592
0 Bacterivore | Copepod 0.0106 0.0760 0.140 | 0.8904
0 Bacterivore | Daphnia -0.0229 | 0.0760 -0.301 | 0.7668
0 Nonselective | DOC -0.3526 | 0.1315 -2.682 | 0.0143
0 Nonselective | Copepod 0.0056 0.1610 0.035 | 0.9725
0 Nonselective | Daphnia -0.0310 | 0.1610 -0.192 | 0.8493
0 Predator DOC 0.0584 0.4923 0.119 | 0.908

0 Predator Copepod -0.0483 | 0.6432 -0.075 | 0.942

0 Predator Daphnia 0.3012 0.6432 0.468 | 0.651

3.1.3.2  Effect Size Values of DOC and Zooplankton Treatments on the

Biomass of Ciliate Functional Feeding Groups

The effect size of DOC on the biomass of ciliate functional feeding groups was
insignificant, except for predatory ciliates, which increased with DOC but only in
the presence of copepod and Daphnia (Fig. 13G). In contrast, the effect size of
grazers (i.e., Daphnia and copepod) on the biomass of ciliate functional feeding
groups was generally significant and negative, though there were differences among
grazers. Specifically, the mean effect size of copepods on the biomass of algivore
and nonselective ciliates was about -4 + 0.5 CI (regardless of DOC). While the mean
effect size of Daphnia on algivore biomass was about -1.2 + 0.6 CI in the -DOC
treatment, -0.82 + 0.73 CI in the +DOC treatment. On the nonselective biomass, the
mean effect size was -1 + 0.5 CI in the +DOCpaphnia treatment and -0.56 + 0.48 CI -
DOChpaphnia treatment. Moreover, the effect size of copepods on bacterivore biomass
was negative and similar among treatments with (-1.3 £ 0.6 CI) or without DOC (-
1.9 £ 0.7 CI). While the effect size of Daphnia on bacterivores was significant in
+DOC treatment (-1.2 £ 0.7 CI), and nonsignificant in -DOC treatment (-0.42 +
0.68). On the predator biomass, both grazers (i.e., copepod and Daphnia) had a

negative effect size with absolute value -1 + 0.4 CI regardless of DOC. Therefore,
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the top-down effect size of copepods was 4x stronger than Daphnia treatments (-
DOC and +DOC) on the biomass of both algivore and nonselective ciliates. Overall,
the top-down effect of both grazers on ciliate biomass was stronger and more
negative (i.e., effect size values between -0.6 and -4.5) compared to the bottom-up
effect of DOC (effect size values between -1.1 and +0.7) (Fig. 13).

The effect size schema summarized the average effects of DOC and grazer on the
functional feeding groups of ciliates on the last day (day 4) of the laboratory
experiment, respectively (Fig. 14). The blue color indicates the positive effect, while
the red color shows a negative effect (Fig. 14). DOC has been placed to the bottom
to show the bottom-up effect, and Daphnia and copepod have been placed to the top
to show the top-down effect. The thickness of arrows depends on how strong the
effect is (i.e., thick arrows show a stronger effect) (Fig. 14). The effects were
calculated with respect to the control group (i.e., DOC effect relative to no DOC
control of one functional feeding group). The bottom-up effect was weaker than the
top-down effect on the ciliate functional feeding group. DOC had a contrasting
effect on different feeding groups. DOC affected both algivores and predators
positively, while bacterivore and nonselective ciliates were affected negatively.
Besides, both Daphnia and copepods affected ciliate composition negatively but
with different magnitudes. As seen in Figure 14, the negative effect of Daphnia was
similar through each functional feeding group. On the other hand, the negative effect
of copepods was stronger than the negative Daphnia effect on the ciliate
composition. Also, copepods had a stronger effect on ciliate functional feeding

groups in order of nonselectives, algivores, bacterivores, and predators.
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Figure 13: The effect size (loge ratio) of biomass of ciliate functional feeding groups
on (A, B) algivores, (C, D) bacterivores, (E, F) nonselectives, and (G, H) predators
on day 4 (end of the experiment). The left graphs show the bottom-up (i.e., DOC)
effect, while the right graphs represent the top-down (i.e., grazing) effect size. Error
bars are 95% confidence intervals. The effect of DOC/grazers is significant if the

confidence interval does not overlap zero (the red lines).

36



Algivores Bacterivores Nonselectives Predators

DOC

Negative effect

I “#\\
003c——___ 4>

Strength of effect size

Figure 14: Effect size schema for functional feeding groups of ciliates at the end of
the laboratory experiment (day 4).

3.2 In-situ Mesocosm Grazing Assays

3.2.1 Effects of DOC Types and Mesozooplankton Grazing on Bacteria

and Ciliate Biomass

3.211 Bacteria

In the first grazing assay, the total bacteria biomass significantly decreased in
treatments with mesozooplankton (+Z) compared to without mesozooplankton (-2),
while neither of the DOC sources had a significant effect (Table 10, Fig. 15A). The
mean biomass of bacteria in the no mesozooplankton treatments (-Z) was 56 + 18
CI (n=16), and 30 + 7 CI (n=16) ug C L! in treatments with mesozooplankton (+2).
In contrast, the mean bacteria biomass in the second grazing assay was not affected
by mesozooplankton (Table 10). Moreover, in the second assay, bacteria biomass
was significantly lower in L and mixed DOC treatments compared to the C (no DOC
control) regardless of mesozooplankton presence (Table 10, Fig. 15B). The R
treatment, however, had no effect on bacterial biomass compared to the C (Table
10).
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Figure 15: Boxplots showing the median biomass (ug C/ L) of bacteria with DOC
and mesozooplankton treatments in (A) first assay (after one day of the DOC
addition), (B) second assay (after four days of DOC addition). Bottom and upper
lines (hinges) of the boxplots represent the 1st and 3rd quartiles.
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Table 10: General Linear Model (GLM) analysis results of total bacteria biomass
with respect to the presence of mesozooplankton (+Z) and the type of DOC in the
first (i.e., one day after the DOC addition) and second assay (i.e., four days after the
DOC addition).

Assay | Dependent | Independent Estimate | SD tval. | Pval.
variable variable (x)
(v)
1 Bacteria Mesozooplankton | -0.60895 | 0.102 | -5.962 | 2.34e-
06
1 Bacteria L 0.11810 | 0.144 |0.818 |0.421
1 Bacteria R -0.10639 | 0.144 | -0.736 | 0.468
1 Bacteria Mixed 0.05089 |0.144 |0.352 |0.727
2 Bacteria Mesozooplankton | -0.1658 | 0.139 | -1.187 | 0.24567
2 Bacteria L -0.7139 | 0.197 | -3.613 | 0.00122
2 Bacteria R 0.1247 0.197 | 0.631 | 0.53345
2 Bacteria Mixed -0.6373 | 0.197 | -3.225 | 0.00329
3.2.1.2  Ciliates

The effect of DOC and mesozooplankton treatments were similar among the two

assays. Specifically, in both assays, mesozooplankton reduced ciliate biomass

across all DOC treatments (Figure 16, Table 11). Also, in both assays, the ciliate

biomass in the L treatments was significantly higher compared to the C (no DOC

control), regardless of the mesozooplankton presence, while the other DOC types

used here had no effect on ciliate biomass (Fig 16, Table 11).
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Figure 16: Boxplots showing the median biomass (ng C/ L) of total ciliate with DOC
and mesozooplankton treatments in (A) first assay (after one day of the DOC
addition), (B) second assay (after four days of DOC addition). Bottom and upper
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Table 11: General Linear Model (GLM) analysis results of total ciliate biomass with
respect to the presence of mesozooplankton and the type of DOC in both assay 1
(i.e., one day after the DOC addition) and assay 2 (i.e., four days after the DOC
addition) (Biomass ~ DOC + grazer).

Assay | Dependent | Independent Estimate | SD tval. | Pval.
variable variable (x)
v)
1 Ciliate Mesozooplankton | -0.87992 | 0.42305 | -2.08 | 0.0472
1 Ciliate L 1.28631 | 0.59829 | 2.15 | 0.0407
1 Ciliate R 0.92032 | 0.59829 | 1.53 | 0.1356
1 Ciliate Mixed -0.26035 | 0.59829 | -0.43 | 0.6669
2 Ciliate Mesozooplankton | -1.1278 | 0.3738 |-3.01 | 0.00551
2 Ciliate L 1.1873 0.5286 |2.24 | 0.03310
2 Ciliate R -0.9867 | 0.5286 |-1.86|0.07288
2 Ciliate Mixed 0.6466 0.5286 | 1.22 |0.23182

3.2.1.3  Zooplankton Biomass (First Assay Only)

The total mesozooplankton biomass in the treatments was 249.5 + 322.4 CI for no
DOC control, 406.3 + 105.9 CI for recalcitrant DOC, 200.4 + 95.9 CI for leaf-
leachate DOC, and 300.5 = 201.4 CI pg C L for mixed DOC (Fig. 17). According
to GLM results, there was no significant difference in treatments with respect to C
(no DOC control). In general, mean values of cladocerans were higher than
copepods, which indicated that cladocerans dominated zooplankton in the in-situ
mesocosm grazing assays (Fig. 17). In addition to GLM, independent t-test results
showed that only Copepoda was significantly higher in R (recalcitrant DOC)
treatment than mixed DOC treatment (t = 2.704, p = 0.03668).
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Figure 17: Box plots showing the median biomass (ug C/ 5L) of total zooplankton
in the in-situ mesocosm grazing assays.

3.2.2 Effect Sizes Values of DOC Types and Mesozooplankton Grazing on
Bacteria and Ciliate Biomass

3.221 Bacteria

One day after the DOC addition, DOC (i.e., bottom-up) had a significant negative
effect on bacteria in mixed DOC with mesozooplankton treatment and had a
significant positive effect in L without mesozooplankton treatment with absolute
value < 0.5 (Fig 18A). On the other hand, four days after the DOC addition, the
effect of DOC was significantly negative in L and mixed DOC treatments regardless
of the presence of mesozooplankton, while it was significantly positive in R
(recalcitrant DOC) with mesozooplankton treatment. The negative effect of DOC in
both L and mixed DOC with mesozooplankton treatments was < 0.5, while in L and
mixed DOC without mesozooplankton treatments the effect size was about ~ -1 (Fig
18C). In general, the effect of DOC was inhibited by mesozooplankton after one day
of the DOC addition; in contrast, mesozooplankton catalyzed the DOC effect after
four days of the DOC addition.
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The top-down (i.e., grazing) effect on bacteria in all treatments was significantly
negative, with absolute values from 0.5 to 0.8 one day after the DOC addition
(Fig.18B). Four days after the DOC addition, the top-down (i.e., grazing) effect on
bacteria was significantly negative in both C (no DOC control) and R (recalcitrant
DOC) treatments. The negative effect in C was three times stronger than the
negative effect in R treatment (Fig 18D).

The effect size schema summarized the average effects of DOC types and
mesozooplankton on bacteria in both in-situ mesocosm grazing assays, respectively
(Fig. 19). The blue color indicates the positive effect, while the red color shows a
negative effect (Fig. 19). DOC types have been placed to the bottom to show the
bottom-up effect, and mesozooplankton have been placed to the top to show the top-
down effect. The thickness of arrows depends on how strong the effect is (i.e., thick
arrows show a stronger effect) (Fig. 19). The effects were calculated with respect to
the control group (i.e., mesozooplankton effect relative to no mesozooplankton
control). On bacteria biomass, both mesozooplankton and mixed DOC had a
negative effect in both assays. R had a negative effect in the first grazing assay, then
a positive effect on bacteria biomass in the second grazing assay. In contrast, in the
first grazing assay, L had a positive effect, and in the second grazing assay, L had a
negative effect on bacteria biomass. Moreover, all effects on bacteria biomass were

relatively weak (i.e., changing between 0.07-0.7, Fig. 19).
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Figure 18: The effect size (loge ratio) on bacteria biomass of (A, C) DOC (i.e.,
bottom-up), (B, D) grazing (i.e., top-down). The graphs in the first row show the
effect size in the first in-situ grazing assay (after one day of the DOC addition),
while second-row graphs represent the effect size in the second in-situ grazing assay
(after four days of the DOC addition). The scale of graphs differs between assays.
Error bars are 95% confidence intervals. The effect of DOC/grazing is significant if
the confidence interval does not overlap zero (the red lines).
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Figure 19: Effect size schema for bacteria biomass in the in-situ mesocosm grazing
assays.
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3.2.2.2 Ciliates

One day after the DOC addition, the bottom-up (i.e., DOC) effect on ciliates was
significantly positive in both R and L with mesozooplankton treatments, while it
was significantly negative in mixed DOC without mesozooplankton treatment (Fig.
20A). Four days after the DOC addition, DOC effect on ciliates was significantly
positive in both L and mixed DOC without mesozooplankton treatments, whereas
DOC had a significant negative effect on ciliates in R with mesozooplankton
treatments (Fig 20C). In general, the effect of DOC was catalyzed by
mesozooplankton after one day of the DOC addition; in contrast, mesozooplankton
inhibited the DOC effect after four days of the DOC addition.

The effect size schema summarized the average effects of DOC types and
mesozooplankton on ciliates in both in-situ mesocosm grazing assays, respectively
(Fig. 21). The blue color indicates the positive effect, while the red color shows a
negative effect (Fig. 21). DOC types have been placed to the bottom to show the
bottom-up effect, and mesozooplankton have been placed to the top to show the top-
down effect. The thickness of arrows depends on how strong the effect is (i.e., thick
arrows show a stronger effect) (Fig. 21). The effects were calculated with respect to
the control group (i.e., mesozooplankton effect relative to no mesozooplankton
control). In the first grazing assay, the bottom-up effect of R and L was positive on
ciliated biomass, while the effect of mixed DOC was negative. On the other hand,
in the second grazing assay, the bottom-up effect of R and mixed DOC on ciliates
reversed, and the effect of mixed DOC was positive, the effect of R was negative. L
had still a positive effect on ciliate biomass in the second grazing assay, but its
magnitude was lower compared to the first grazing assay. The top-down effect of
mesozooplankton was negative in both grazing assays, the negative effect was

stronger in the second assay than the first assay (Fig. 21).
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Figure 20: The effect size (loge ratio) on ciliate biomass of (A, C) DOC (i.e., bottom-
up), (B, D) grazing (i.e., top-down). The graphs in the first row show the effect size
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row graphs represent the effect size in the second in-situ grazing assay (after four
days of the DOC addition). The scale of graphs differs between assays. Error bars
are 95% confidence intervals. The effect of DOC/grazing is significant if the
confidence interval does not overlap zero (the red lines).
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Figure 21: Effect size schema for biomass of ciliates in the in-situ mesocosm grazing
assays.
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3.2.3 Effects of DOC Types and Mesozooplankton Grazing on Ciliate
Functional Feeding Groups

3.2.3.1  Biomass and Relative Biomass of Ciliate Functional Feeding Groups

In the first assay, the composition of feeding groups of ciliates was similar, and
nonselective ciliates were dominated the relative and absolute ciliate biomass more
than 75% in all treatments regardless of the presence of mesozooplankton (Fig 22A).
The relative biomass of the algivore group was higher in L and mixed DOC
treatments in both the presence and absence of the mesozooplankton compared to C
and R treatments. Moreover, the predator group had the least percent value as <1%
(Fig. 22A). According to GLM analysis of functional feeding groups’ biomass,
algivore group biomass was significantly higher in L treatment regardless of the
presence of mesozooplankton with respect to C (Table 12). Also, mesozooplankton
significantly reduced algivores relative to no mesozooplankton treatments (Table
12). Additionally, the relative biomass of bacterivore group biomass in L treatment

was significantly lower than C (Table 13).

In the assay four days after the DOC addition, the nonselective ciliates were still
dominated the relative and absolute ciliate biomass more than 60% in all treatments.
The biomass of the bacterivore group was significantly higher in both mixed DOC
treatments with and without mesozooplankton (Table 14, Fig. 22D). Relative
biomass of bacterivores was significantly higher in the L and mixed DOC treatments
regardless of mesozooplankton, and also in the mesozooplankton treatments relative
to without mesozooplankton treatments (Table 15, Fig. 22B). In contrast, the
relative biomass of the nonselective group was significantly lower in mixed DOC
treatments. Additionally, the relative biomass of the predator group with
mesozooplankton  treatments was significantly  higher than  without
mesozooplankton treatments (Table 15). Relative to the assay one day after the DOC
addition, the relative biomass of the bacterivore group increased in L and mixed

DOC treatments regardless of mesozooplankton, and the relative biomass of the
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algivore group decreased in all treatments in the assay four days after the DOC
addition (Fig. 22B).

Figure 22: The relative biomass of ciliate functional feeding groups in the assay (A)
after one day of DOC addition, (B) after four days of DOC addition; the biomass
(ug C/ L) of ciliate functional feeding groups in the assay (C) after one day of DOC
addition, (D) after four days of DOC addition with DOC and mesozooplankton
treatments.
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Table 12: General Linear Model (GLM) analysis results of biomass of ciliate
functional feeding groups depend on DOC or grazer in the first assay (after one day
of DOC addition). (Biomass ~DOC + Grazer)

Dependent | Independent Estimate | Standard | t- value | p-value
Variable (y) | Variable/ Factor Error
(x)

Algivore R -0.3034 0.1635 -1.856 0.161
Algivore Mixed 0.1788 0.1635 1.094 0.354
Algivore L 1.5595 0.1635 9.540 0.002
Algivore Mesozooplankton | -0.9524 | 0.1156 -8.240 0.004
Bacterivore | R 1.2295 0.6063 2.028 0.136
Bacterivore | Mixed -0.9727 | 0.6063 -1.604 0.207
Bacterivore | L -0.0991 0.6063 -0.163 0.881
Bacterivore | Mesozooplankton | -0.5455 0.4287 -1.272 0.293
Nonselective | R 1.0505 0.6052 1.736 0.181
Nonselective | Mixed -0.7003 | 0.6052 -1.157 0.331
Nonselective | L 1.2515 0.6052 2.068 0.131
Nonselective | Mesozooplankton | -0.8292 0.4279 -1.938 0.148
Predator R 1.3675 0.8191 1.670 0.194
Predator Mixed -0.6333 0.8191 -0.773 0.496
Predator L 1.2761 0.8191 1.558 0.217
Predator Mesozooplankton | -1.2184 | 0.5792 -2.104 0.126
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Table 13: General Linear Model (GLM) analysis results of relative biomass of
ciliate functional feeding groups depend on DOC or grazer in the first assay (after
one day of DOC addition). (%Biomass ~DOC + Grazer)

Dependent | Independent Estimate | Standard | t- value | p-value
Variable (y) | Variable/ Factor Error
(x)

Algivore R -1.3059 0.4405 -2.964 0.059
Algivore Mixed 0.8001 0.4405 1.816 0.167
Algivore L 0.3255 0.4405 0.739 0.514
Algivore Mesozooplankton | -0.1131 | 0.3115 -0.363 0.741
Bacterivore | R 0.2270 0.1825 1.243 0.302
Bacterivore | Mixed -0.3514 | 0.1825 -1.925 0.150
Bacterivore | L -1.3331 0.1825 -7.303 0.005
Bacterivore | Mesozooplankton | 0.2938 0.1291 2.276 0.107
Nonselective | R 0.0480 0.0554 0.867 0.450
Nonselective | Mixed -0.0790 | 0.0554 -1.427 0.249
Nonselective | L 0.0175 0.0554 0.315 0.773
Nonselective | Mesozooplankton | 0.0102 0.0391 0.259 0.812
Predator R 0.365 1.209 0.302 0.782
Predator Mixed -0.012 1.209 -0.010 0.993
Predator L 0.042 1.209 0.035 0.974
Predator Mesozooplankton | -0.379 0.855 -0.444 0.687
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Table 14: General Linear Model (GLM) analysis results of biomass of ciliate
functional feeding groups depend on DOC or grazer in the second assay (after four
days of DOC addition). (Biomass ~DOC + Grazer)

Dependent | Independent Estimate | Standard | t- value | p-value
Variable (y) | Variable/ Factor Error
(x)

Algivore R 0.371 0.888 0.418 0.704
Algivore Mixed -0.474 0.888 -0.534 0.630
Algivore L -0.083 0.888 -0.094 0.931
Algivore Mesozooplankton | -1.123 0.628 -1.790 0.172
Bacterivore | R -1.142 0.556 -2.017 0.137
Bacterivore | Mixed 1.807 0.556 3.192 0.047
Bacterivore | L 1.711 0.556 9.022 0.057
Bacterivore | Mesozooplankton | -0.563 0.400 -1.407 0.254
Nonselective | R -0.958 0.632 -1.515 0.227
Nonselective | Mixed 0.008 0.632 0.012 0.991
Nonselective | L 0.731 0.632 1.157 0.331
Nonselective | Mesozooplankton | -1.381 0.447 -3.090 0.054
Predator R -0.981 0.651 -1.507 0.271
Predator Mixed 1.196 0.651 1.838 0.207
Predator L 1.604 0.651 2.465 0.133
Predator Mesozooplankton | 0.349 0.412 0.847 0.486
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Table 15: General Linear Model (GLM) analysis results of relative biomass of
ciliate functional feeding groups depend on DOC or grazer in the second assay (after
four days of DOC addition). (%Biomass ~DOC + Grazer)

Dependent | Independent Estimate | Standard | t - value | p-value
Variable (y) | Variable/ Factor Error
(x)
Algivore R 1.296 0.981 1.321 0.278
Algivore Mixed -0.797 0.981 -0.812 0.476
Algivore L -0.927 0.981 -0.944 0.415
Algivore Mesozooplankton | 0.108 0.694 0.155 0.886
Bacterivore | R -0.216 0.103 -2.106 0.126
Bacterivore | Mixed 1.485 0.103 14.454 0.0007
Bacterivore | L 0.867 0.103 8.443 0.0035
Bacterivore | Mesozooplankton | 0.668 0.073 9.193 0.0027
Nonselective | R -0.032 0.083 -0.388 0.724
Nonselective | Mixed -0.315 0.083 -3.789 0.032
Nonselective | L -0.113 0.083 -1.354 0.269
Nonselective | Mesozooplankton | -0.150 0.059 -2.550 0.084
Predator R -0.779 0.503 -1.550 0.261
Predator Mixed 0.149 0.503 0.296 0.795
Predator L 0.036 0.503 0.072 0.949
Predator Mesozooplankton | 1.942 0.318 6.109 0.026
3.2.3.2  Effect Size for Biomass of Ciliate Functional Feeding Groups

3.2.3.2.1 The Bottom-up Effect Size on Biomass of Ciliate Functional Feeding

Groups

One day after the DOC addition, the effect size of DOC varied by DOC type and

the presence of mesozooplankton. The DOC effect on the algivore biomass was
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significantly positive in L treatments with and without mesozooplankton (Fig 23A).
On the bacterivore biomass, DOC had a significant positive effect in both R and L
with mesozooplankton treatments, while it had a negative effect in both L and mixed
DOC without mesozooplankton treatments (Fig 23C). Nonselective group biomass
was affected significantly positive by DOC in both R and L with mesozooplankton
treatments; on the other hand, DOC effect on the nonselective group was
significantly negative in mixed DOC without mesozooplankton treatment (Fig 23E).
The DOC effect on the predator group biomass was significantly positive in both R
treatments with and without mesozooplankton and also in L without
mesozooplankton treatment, while it was significantly negative in both L and mixed
DOC with mesozooplankton treatments (Fig. 23G). Generally, mesozooplankton
catalyze the bottom-up effect on bacterivore and nonselective ciliates, and reduce it

on predator ciliates while did not influence the DOC effect on algivores.

Four days after the DOC addition, the effect size of DOC varied by DOC type and
the presence of mesozooplankton. The DOC effect on the algivore biomass was
significantly positive in the R with and without mesozooplankton treatments and
also in the mixed DOC without mesozooplankton treatment; on the other hand, DOC
effect on algivore biomass was significantly negative in mixed DOC with
mesozooplankton treatment (Fig 23B). On the bacterivore biomass, DOC had a
significant positive effect in L without mesozooplankton treatment and both mixed
DOC with and without mesozooplankton treatments (Fig 23D). Nonselective ciliate
biomass was affected significantly positive by DOC only in L without
mesozooplankton treatment (Fig 23F). The DOC effect on the predator biomass was
significantly negative in the L, R, and mixed DOC without mesozooplankton
treatments (Fig. 23H). Overall, the presence of mesozooplankton inhibited the DOC
effect on algivore, bacterivore, and nonselective ciliates; in contrast, it slightly

enhanced the bottom-up effect on predator ciliates.
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Figure 23: The bottom-up (i.e., DOC) effect size (loge ratio) of biomass of ciliate
functional feeding groups on (A, B) algivores, (C, D) bacterivores, (E, F)
nonselective, and (G, H) predators. The graphs in the first column show the first
assay one day after the DOC addition, while the second-column graphs represent
the second assay four days after the DOC addition. Error bars are 95% confidence
intervals. The effect of DOC/grazers is significant if the confidence interval does
not overlap zero (the red lines).
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3.2.3.2.2 The Top-down Effect Size on Biomass of Ciliate Functional Feeding
Groups

The top-down (i.e., grazing) effect on functional feeding groups was mostly negative,
and the magnitudes were varied by DOC type in the assay one day after the DOC
addition. The grazing effect was significantly negative on both algivore and predator
biomass in C (no DOC control), L, and mixed DOC treatments; on both bacterivore
and nonselective biomass in only C (Fig. 24A, 24C, 24E & 24G). The highest negative
effect of grazing was on the predator biomass in the L treatment, with the absolute
value -2.9 + 0.6 CL

The top-down (i.e., grazing) effect on functional feeding groups was mostly negative
on algivore, bacterivore, and nonselective groups and positive on the predator group,
and the magnitudes were varied by DOC type four days after the DOC addition. The
grazing effect was significantly negative on the algivore biomass in L, R, and mixed
DOC treatments; on both bacterivore and nonselective biomass in L and mixed DOC
treatments (Fig. 24B, 24D & 24F). The significant positive effect of grazing on the
predator biomass was in both R and mixed DOC treatments (Fig. 24H).
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Figure 24: The top-down (i.e., grazing) effect size (loge ratio) of biomass of ciliate
functional feeding groups on (A, B) algivores, (C, D) bacterivores, (E, F)
nonselective, and (G, H) predators. The graphs in the first column show the first
assay one day after the DOC, while second-column graphs represent the second
assay four days after the DOC addition. Error bars are 95% confidence intervals.
The effect of DOC/grazers is significant if the confidence interval does not overlap
zero (the red line).
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The effect size schema summarized the average effects of DOC types and
mesozooplankton on functional feeding groups of ciliates in both in-situ mesocosm
grazing assays, respectively (Fig. 25). The blue color indicates the positive effect,
while the red color shows a negative effect. DOC types have been placed to the
bottom to show the bottom-up effect, and mesozooplankton have been placed to the
top to show the top-down effect. The thickness of arrows depends on how strong
the effect is (i.e., thick arrows show a stronger effect). The effects were calculated
with respect to the control group (i.e., mesozooplankton effect relative to no
mesozooplankton control). In the first grazing assay, R had a positive effect with
similar magnitude on ciliate functional feeding groups except for algivores
(algivores were affected negatively by R). Similarly, L had a positive effect, and its
strength was getting stronger in order on algivores, nonselectives, and predators; but
only bacterivores were affected negatively by L. In contrast to R and L, mixed DOC
had a negative effect on algivores, bacterivores, and nonselectives. The bottom-up
effect of mixed DOC on predator ciliates was nonsignificant (i.e., no effect). The
top-down effect of mesozooplankton was negative on all ciliate functional feeding
groups in the first grazing assay. The strongest negative effect was on predator
ciliates and followed by nonselectives, algivores, and bacterivores. In the second
grazing assay, the bottom-up effect of R reversed. R affected only algivore ciliates
positively, while other functional feeding groups were affected negatively by R. The
positive effect of L was remained on algivores and nonselectives, but the strength
of the effect was weaker compared to the first grazing assay. Additionally, L also
affected bacterivores positively in the second grazing assay, while predators were
affected negatively by L. Moreover, mixed DOC had a positive effect on ciliate
functional feeding groups except predator ciliates. The top-down effect of

mesozooplankton was negative on algivores, bacterivores and nonselectives, but
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predators were affected positively by mesozooplankton in the second grazing assay
(Fig. 25).
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Figure 25: Effect size schema for ciliate functional feeding groups in the in-situ
mesocosm grazing assays.
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CHAPTER 4

DISCUSSION

The laboratory experiment was conducted to determine the effects of DOC and
different grazing modes (i.e., generalist vs. selective grazing) on microbial food web
components such as bacteria and ciliates. In the laboratory experiment, our key
findings were: (i) The effect of DOC or grazers on bacteria was nonsignificant, (ii)
DOC increased ciliate biomass and zooplankton reduced it, (iii) The top-down effect
on ciliate biomass was stronger than the bottom-up effect, (iv) The top-down effect

of copepods on ciliate biomass was stronger than the top-down effect of Daphnia.

The hypothesis that DOC would enhance bacteria biomass was not supported by our
results. Neither was the hypothesis that zooplankton would reduce bacteria. In
addition, effect size results were weak and negative for bacteria. These results might
be explained by that both bottom-up and top-down effects might neutralize each
other. In other words, either mesozooplankton could have a strong grazing pressure
on bacteria biomass enough to cancel out the DOC effect, or DOC might enhance
bacteria biomass enough to eliminate the top-down effect. Moreover, taking samples
on day 2 might have been late to observe DOC effect on bacteria because bacteria
response to allochthonous DOC within a day (Azam et al., 1983; Catalan et al.,
2013) and got higher biomass before samples were taken (day 2 and day 4). Such
direct and indirect top-down interactions, together with the 2—4-day sampling, may
have obscured any DOC effects on bacteria in this experiment. To clarify this point,
taking bacteria samples within 24 hours and sampling heterotrophic nanoflagellates

(HNF) are suggested for future research.

Daphnia, as a generalist grazer, might have key roles in controlling bacterial
biomass by direct grazing on bacteria (Riemann, 1985; Christoffersen et al., 1993;
Jeppesen et al., 1992; Modenutti et al., 2003). At the same time, Daphnia may have

indirect positive effects on bacteria by grazing on ciliates (e.g., bacterivore and
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nonselective ciliates) and heterotrophic nanoflagellates (HNF), which are
themselves protozoan consumers of bacteria (i.e., cascading trophic interactions)
(Fenchel 1982; Riemann, 1985; Sanders & Porter, 1988; Markosova & Jezek, 1993;
Jiirgens, 1994; Jirgens & Stolpe, 1995; Gasol et al., 1995; Foissner & Berger, 1996).
On the other hand, due to low grazing pressure of ciliates on HNF in the presence
of copepods (selective grazers), lower bacteria biomass might be explained by the
control of bacteria by HNF over bacteria (Jurgens et al.,2000; Kisand & Zingel,
2000; Simek et al., 2000; Modunetti et al., 2003; Sommer et al., 2003). Additionally,
we were unable to check both HNF and rotifer biomass. HNF is known as highly
impact grazers on bacteria (Fenchel 1982; Pernthaler et al., 1998; Sanders et al.,
2000; Callieri et al., 2002), and rotifers can control bacteria biomass (Starkweather
et al., 1979; Bogdan et al., 1980; Boon & Shiel, 1990). Overall, lower bacteria
biomass could be explained by direct grazing of HNF, ciliates, rotifers, and
Daphnia, and by an indirect effect of Daphnia and copepods as changing the top-

down control.

In the +DOC treatments, we expected an increase in bacteria biomass and a decrease
in phytoplankton biomass. Although the hypothesis for phytoplankton was accepted
(Metin, 2021), the hypothesis for bacteria was rejected due to an insignificant
change in bacteria biomass. For this reason, we were unable to say that bacteria had
an advantage over phytoplankton due to their small size and large surface-to-volume
ratio for nutrient absorption (Azam et al., 1983).

Our findings indicated that DOC increased ciliates while mesozooplankton reduced
them and therefore supported our hypotheses. Moreover, the top-down effect of
copepods on ciliates was stronger than the top-down effect of Daphnia.
Additionally, effect size results were parallel to the GLM results. Overall, grazer
traits (selectivity) regulated ciliate biomass more than DOC in the laboratory

experiment.

The fact that mesozooplankton reduced ciliate biomass significantly influences the
positive effect of DOC on ciliates. Due to high grazing pressure on ciliates, we could
not see the DOC effect so clearly in the copepod and Daphnia treatments. We can

directly compare copepod and Daphnia grazing pressure even though their grazing
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mode is different. We added 2 medium size Daphnia or 30 copepods to have the

same final zooplankton biomass.

At the beginning of the experiment (day 0), GLM results showed that ciliate biomass
in copepod treatments was significantly lower. Further t-test analysis showed that
this significance was seen only in -DOCcopepod treatment. Because initial samples
were taken before the addition of grazers to the glass jars, it was not caused by
copepod grazing, the reason was a slight random difference between replicates (See
Materials & Methods). In the middle of the experiment (day 2), according to GLM
analysis, both DOC and Daphnia had no significant effect on ciliates on day 2.
Moreover, a paired t-test showed no significant ciliate biomass change in time (day
0 — day 2) in either DOC treatment throughout the experiment. Additionally, when
we check the mean values of -DOCcopepod and -DOCno grazer, the difference between
them decreased on day 2 and then increased significantly on day 4. For these
reasons, we can say that the grazing pressure of copepods kept ciliate biomass

constant in -DOCcopepod treatment throughout the laboratory experiment.

At the end of the experiment (day 4), GLM results showed that both copepods and
Daphnia reduced ciliate biomass significantly negative, while DOC had no
significant effect on ciliates. Previous studies showed that the effect of DOC could
be observable at the ciliate level in 4 days period (Carrick et al., 1991; Burns &
Schallenberg, 2001). In the laboratory experiment, DOC effect was observable in
no grazer control, ciliate biomass on day 4 increased significantly with respect to
day 2. On the other hand, ciliate biomass was significantly decreased in both
copepod and Daphnia treatments; for this reason, we were unable to see DOC effect
in copepod and Daphnia treatments. In other words, the top-down effect was
stronger than the bottom-up effect on ciliates in copepod and Daphnia treatments.
All ciliate species in the laboratory grazing experiment were less than 45 pum in
length because we filtered lake (mesocosm) water through a 45 um plankton net
(See Materials & Methods). Optimal predator vs. prey size values for copepods is
18:1, and for cladocerans 50:1 (Hansen & Bjornsen, 1994), and all ciliate species
were in the optimal grazing range of copepods and Daphnia. Moreover, previous

stoichiometry studies showed that for freshwater phytoplankton, the range of
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nutrients was 0.2-20 mmol P mol™ C and 0.014-0.180 mol N mol- C (Sommer, 1988,
1991; Rodriguez et al., 2016). On the other hand, nutrient values for ciliates were
higher than phytoplankton values (Stoecker & Capuzzo 1990; Golz et al., 2015).
Additionally, copepods, as selective grazers, prefer to consume larger and nutritious
prey, so they reduce biomass of ciliates more than Daphnia (Burns & Gilbert, 1993,;
Wiackowski et al., 1994; Wickham, 1998; Calbet & Saiz, 2005). In the laboratory
experiment, ciliates were larger than phytoplankton (Metin, 2021). Hence, copepods

consumed ciliates approximately three times higher than Daphnia.

That copepods but not Daphnia changed the relative biomass of ciliates functional
groups (i.e., composition) highlights the effect of zooplankton selectivity on
microbial prey communities exposed to copepods in the laboratory experiment. Our
results also suggest that calanoid copepods may be expected to reduce the relative
abundance of algivore and nonselective ciliates while enhancing the dominance of
bacterivores. These results are proof that copepods are selective feeders, and so they
can change the composition of ciliates. The selection between ciliate functional
feeding groups could not be caused by the size of ciliates because there was no
significant size difference between ciliates. Copepods might select ciliates based
on their taste (stoichiometric values), but little is known about the stoichiometry of

different ciliates species, and this issue is open for further investigations.

The in-situ mesocosm grazing assays were done to observe the effects of different
DOC types and mesozooplankton grazing on microbial food web components such
as bacteria and ciliates. In the in-situ mesocosm grazing assays, our key findings
according to general linear model (GLM) analysis were: (i) Mesozooplankton
significantly reduced bacteria in the first grazing assay, (ii) L (leaf-leachate DOC)
and mixed DOC (leaf-leachate & recalcitrant DOC) had a significant negative effect
on bacteria biomass in the second grazing assay, (iii) While the bottom-up effect on
bacteria biomass was stronger in the second assay, the top-down effect got weaker,
(iv) L increased ciliate biomass, and mesozooplankton reduced ciliates in both
grazing assays, (v) While the top-down effect on ciliate biomass was stronger in the

second assay, the bottom-up effect got weaker.
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Although our hypothesis was that leaf leachate DOC (L) would enhance bacteria
biomass, there was no significant DOC effect in the first grazing assay (after a day
of DOC addition) according to GLM results. Even though bacteria respond to
allochthonous DOC within a day (Azam et al., 1983; Catalan et al., 2013), this
response could be masked by the strong negative top-down effect of
mesozooplankton after a day of DOC addition (Carrick et al., 1991; Burns &
Schallenberg, 2001). However, the bottom-up effect size results showed that L had
a significant positive effect on bacteria, while L had a significant negative effect on
phytoplankton (Metin, 2021). In the first grazing assay, bacteria had an advantage
over phytoplankton since bacteria have a large surface-to-volume ratio for nutrient
uptake compared to phytoplankton (Azam et al., 1983). In contrast,
mesozooplankton significantly reduced bacteria biomass, which supported our
hypothesis. Furthermore, the top-down effect size results for bacteria were parallel
to GLM results in both grazing assays. The mesozooplankton community was more
diverse than the laboratory experiment and was dominated by Cladocera in all
treatments (Y1ldiz et al., 2021). Cladocera, especially Daphnia, has a both direct and
indirect top-down effect on bacteria (Hessen & Andersen, 1990; Vaque & Pace,
1992; Cottingham et al., 2013), while Copepoda has a strong negative indirect effect
by releasing HNF (the effective predator of bacteria) from the ciliate grazing
(Jurgens et al.,2000; Kisand & Zingel, 2000; Simek et al., 2000; Modunetti et al.,
2003; Sommer et al., 2003). In addition, in the second grazing assay (after four days
of DOC addition), mesozooplankton had a negative but insignificant effect on
bacteria biomass, such that our hypothesis was rejected for the second in-situ assay.
In contrast to our hypothesis that L enhances biomass of bacteria because leaf-
leachate DOC contains a higher amount of nutrients that support bacterial growth
(Cottingham et al., 2013), we found that bacteria biomass was reduced in both L
and mixed DOC with respect to C (no DOC control) in the second assay. Bottom-
up effect size results supported this significant negative effect of L on bacteria. This
may be caused by ciliate grazing on bacteria (Jiirgens, 1994; Foissner & Berger,
1996) since there was a significant increase in ciliate biomass in L and mixed DOC
treatments in the second assay. Moreover, L had a significant positive effect on
phytoplankton (Metin, 2021). This might be explained by bacteria made DOC more
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available for phytoplankton uptake (Sanders & Porter, 1988), or changes in
cascading trophic interactions such as increasing grazing pressure on ciliates had a
more negative effect on bacteria while a positive effect on phytoplankton (Jiirgens,
1994; Jirgens & Stolpe, 1995; Gasol et al., 1995; Sommer & Sommer, 2006).
Additionally, R (recalcitrant DOC) followed C (no DOC control) pattern, likely
because the recalcitrant carbon source is resistant to bacterial decomposition
(Tranvik, 1988; McKnight & Aiken, 1998; Solomon et al., 2015). Overall, both
bottom-up and top-down effects varied significantly in magnitude and direction

among the two in-situ grazing assays.

In both assays, our hypotheses for ciliates that L increases ciliate biomass while
mesozooplankton reduce ciliates was supported by our findings. Moreover, effect
size results were similar to GLM results. In the first grazing assay, the positive effect
of DOC on ciliates in L treatment was not caused by leaf-leachate DOC because the
utilization of DOC by ciliates takes four days (Carrick et al., 1991; Burns &
Schallenberg, 2001). Instead, the reason of the significant difference in L treatment
was caused by one of the replicate tanks. Furthermore, the top-down effect of
mesozooplankton on ciliates was the strongest in C Z+ treatment relative to other
mesozooplankton treatments, although total zooplankton biomass was the highest
in R Z+ treatment in the main mesocosm experiment. This might be caused by
sampling error while preparing mesozooplankton treatments in the in-situ grazing
assays. In other words, the water column sample was taken randomly from each
tank, and maybe so grazing assay bottles had different amounts of mesozooplankton
relative to the zooplankton samples of each mesocosm. To clarify this, it is
suggested that zooplankton samples would be taken in further assays. In the second
grazing assay, as expected L significantly increased ciliate biomass since DOC
effect could be observable at ciliate level after four days of DOC addition (Carrick
et al., 1991; Burns & Schallenberg, 2001) and L contains additional nutrients (i.e.,
P and N) that also supported ciliate biomass (Sanders & Porter, 1988; Cottingham
et al., 2013; Faithfull et al., 2015). Moreover, mesozooplankton reduced ciliates
significantly in the second grazing assay, and the strength of the negative

mesozooplankton effect on ciliates was bigger compared to the first grazing assay.
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The strongest mesozooplankton effect was observed in the L Z+ treatment. Although
total zooplankton biomass was the lowest in L Z+ treatment compared to other
treatments and control, ciliate biomass was the highest in L treatment. In other
words, there was more available food (i.e., ciliates) for mesozooplankton for
consumption in L treatment. Overall, both bottom-up and top-down effects varied
considerably among the two assays for ciliates, which suggests that the cascading
effects of DOC and mesozooplankton likely vary over relatively short time periods

(i.e., days), with important implications on biomass.

In both grazing assays, the most dominant functional feeding group was
nonselective ciliates. In the first assay, the second dominant group was algivores,
but in the second assay, the second dominant group was bacterivores. The presence
of mesozooplankton had a significant positive effect on the relative biomass of
bacterivore and predator ciliates in the second assay. This might be explained by
copepods that could consume more algivores and nonselectives, as we observed in
the laboratory grazing experiment. In the in-situ grazing assays, the size of
nonselective ciliates was relatively larger than other groups, so that
mesozooplankton might have a negative effect on nonselective ciliates because of
their size (Berggreen et al. 1988; Burns & Gilbert, 1993; Hansen et al., 1994). On
the other hand, the size of algivore ciliates was relatively smaller than other groups,
so the negative effect of mesozooplankton on algivores might not be explained by
the size, but might be explained by their taste (i.e., nutritious values, DeMott, 1986).
However, growing literature is limited about stoichiometry of ciliate functional
feeding groups, and further research on the stoichiometry of different ciliate
groups/species is suggested. Moreover, both R and mixed DOC had the opposite
effect in the first and second grazing assays. As mixed DOC contained more
nutrients coming from leaf-leachate relative to the R treatments, these nutrients
could enhance ciliate biomass in the second assay (Sanders & Porter, 1988;
Cottingham et al., 2013; Faithfull et al., 2015). Overall, these results showed that
both effects of different DOC types and mesozooplankton on ciliate community

composition were highly variable over time.
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In both laboratory experiment and in-situ grazing assays, we found similar DOC
effects on both bacteria and ciliates. Specifically, mixed DOC affected bacteria
biomass was insignificant and negative in the laboratory experiment and the first in-
situ grazing assay. On the other hand, mixed DOC had a negative effect on ciliates
in the first in-situ mesocosm assay and had a positive effect after four days of DOC
addition to jars (i.e., laboratory experiment) or mesocosms (the second in-situ
grazing assay). Interestingly, the biomass of bacteria was similar (~50 pg C/L) in
both laboratory experiment and in-situ assays, while ciliate biomass was about 10
times higher in the laboratory experiment (~30 ug C/L) compared to in-situ
mesocosm grazing assays (~3 ug C/L). Several reasons could explain this huge
difference in ciliate biomass. First, we should remind that the grazing period of the
laboratory experiment was four days, while in the in-situ grazing assays, it was 24
hours, and the experiments were repeated twice, after one day and four days of DOC
pulse. Second, in the laboratory experiment, the DOC concentration was about 11
mg C/ L (R: 7 mg C/L & L: 4 mg C/L) and prepared by using leaves of the poplar
tree, while in the in-situ grazing assays, the concentration of mixed DOC was about
9.5mg C/L (L: 8mg C/L & R: 1.5 mg C/L) and prepared by using alder tree leaves.
Third, the composition of phytoplankton, ciliates, and zooplankton was different in
laboratory experiment and in-situ assays. Specifically, in the laboratory experiment,
Cladocerans (i.e., Daphnia) biomass was equal to Copepoda, but in the in-situ
assays, Cladocerans were dominant in the zooplankton composition. In addition, in
the laboratory experiment, zooplankton biomass was the same throughout the
experiment, while it was changing between treatments in the in-situ assays. Fourth,
potential differences in the light levels among laboratory experiment vs. in-situ
mesocosm grazing assays might have caused the difference in results. Bacteria
biomass was directly inhibited by UV light (Lindell et al., 1996) and indirectly
enhanced by solar radiation because it increases the lability of DOC via
phototransformation of recalcitrant DOC to labile DOC (Kieber et al., 1989; Lindell
et al., 1995; Lindell et al., 1996). Ciliates were affected negatively by light since it
affects the ingestion rate of ciliates negatively (Chen & Chang, 1999), or UV light
might cause mutation in swimming behavior that makes ciliates vulnerable to

predators (Kammerlander et al., 2018). Finally, nutrient availability differed
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between the laboratory experiment and in-situ grazing assays. Specifically, the
laboratory experiment was performed in a nutrient-rich medium, while in-situ
mesocosm assays were C (no DOC control) and R treatments had a severe P

limitation (Calder6-Pascual et al., submitted).

GLM results differed from the effect size (log response ratio) results in some
occasions for some treatments. Although both GLM analysis and effect size could
use to identify the treatment effect compared to the control group, we used both
together to discuss our results because effect size analysis enabled us to compare
the top-down vs. bottom-up effects across the same units (Hillebrand & Gurevitch,
2016) and their calculations were different. In the GLM analysis, both treatment and
control groups were merged. For example, in the laboratory experiment, the DOC
effect was calculated as the comparison of the addition of +DOC groups (+DOChno
grazer, TDOCcopepod, aNd +DOCpaphnia) relative to the addition -DOC groups (-DOCho
grazer, -DOCcopepod @and -DOCpaphnia) together. On the other hand, effect size
compared treatment and control groups more specifically. For example, DOC effect
in no grazer control group was calculated as In (+DOCho grazer / - DOChno grazer), OF
DOC effect in copepod treatment as In (+DOCcopepod / -DOCcopepod) (See Materials
& Methods).
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CHAPTER 5

CONCLUSION

As global climate change causes changing precipitation events, lots of
allochthonous matter are transported from the catchment area to lakes via flooding.
However, in-lake processes after allochthonous matter input are still uncertain. This
study highlights the effects of a major allochthonous matter, dissolved organic
carbon (DOC) input, and grazing pressure of zooplankton with different selectivity
on the microbial food web. In addition, how the different DOC types affect the
planktonic food web in the presence/absence of mesozooplankton is determined.
Our study showed that direct effects on bacteria are likely short-lived and masked
by indirect trophic interactions. On the other hand, DOC, especially leaf-leachate
DOC (L), positively affected ciliate biomass, while grazers had a negative effect.
Specifically, copepods had a higher grazing pressure on ciliates than Daphnia.
Moreover, copepods consumed more algivore and nonselective ciliates that was
novel proof of copepods' selectivity. The copepod-ciliate link seems critical in
connecting the microbial and classical food web. Overall, mesozooplankton traits
regulate ciliate biomass more than DOC. Sampling bacteria within a day, genetic
analyses of the bacteria community, and HNF sampling are suggested for further
microbial food web studies. Further stoichiometry analyses of the ciliate community
composition of these experiments will provide more detailed information about the

selectivity of copepods.
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