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Abstract  

Lakes worldwide have experienced increases in cyanobacterial harmful algal blooms (cHABs), 

with large potential consequences for food webs and energy flow. The effect of cHABs on 

aquatic food webs remains poorly understood, in part, due to a lack of information about grazing 

by zooplankton during these events. Mesozooplankton (200 - 20,000 µm) can be an important 

energetic link between primary producers and higher trophic levels; however, cHABs are 

generally considered less edible and nutritious for many mesozooplankton taxa and therefore 

may impede energy transfer through food webs. To better understand how cHABs influence 

mesozooplankton feeding dynamics, we examined grazing in populations of smaller, and likely 

more edible picoplankton (0.2 - 2 µm) and nanoplankton (2 - 20 µm). We quantified grazing by 

mesozooplankton on autotrophic and heterotrophic pico- and nanoplankton using gradient grazer 

assays on two dates (August and September 2021) during a cyanobacteria bloom in the western 

basin of Lake Erie. On each date, mesozooplankton densities were manipulated and the change 

in biomass of pico- and nanoplankton over a 24-hour incubation period was measured via 

epifluorescence microscopy after staining with DAPI (4′,6- diamidino-2-phenylindole). 

Significant grazing was found on autotrophic and heterotrophic nanoplankton, while grazing on 

picoplankton was low or absent. Grazing patterns were largely reflective of food abundance in 

nanoplankton autotrophic and heterotrophic edible size categories. Our results clarified grazing 

patterns of mesozooplankton on different size categories, enhancing understanding of food webs 

during cHABs. 
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Introduction  

Cyanobacterial harmful algal blooms (cHABs) have been a financially and ecologically 

devastating occurrence that have altered ecosystems and affected all levels of the food web from 

phytoplankton to fish (Dodds et al. 2008). The recent return of cHABs is due to human factors, 

primarily increases in nutrient runoff into waterways (Michalak et al. 2013, Glibert et al. 2018). 

We know cHABs can disrupt energy flow pathways in lake food webs due to their large size, 

toxicity, and inedibility to many, but not all, zooplankton taxa, thus disrupting zooplankton 

grazing and reproductive patterns (Sunda et al., 2006). However, zooplankton grazing during 

cHAB events remains poorly understood, thus inhibiting our ability to predict food web changes 

with increased eutrophication and cHAB events. 

Zooplankton are one of the factors that control phytoplankton populations; therefore, it is 

important to understand zooplankton-phytoplankton interactions, especially during times of 

cHABs. Zooplankton grazing on phytoplankton occurs within two zooplankton size categories—

microzooplankton (20 - 200 µm) and mesozooplankton (200 – 20,000 µm) (Table 1; Sieburth et 

calal. 1978). Through top-down control via grazing, zooplankton are able affect phytoplankton 

community structure and at times facilitate the growth of cHABs (Davis et al., 2012). While 

microzooplankton typically have higher total population grazing rates (Davis et al., 2012), 

mesozooplankton are still important grazers on phytoplankton. For instance, large efficient 

mesozooplankton grazers like Daphnia can shape phytoplankton biomass and community 

composition (Sommer et al. 1986, Sarnelle 2005). Other studies have found that calanoids can 

facilitate cHABs development (Sommer and Sommer 2006). However, few studies have 
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examined mesozooplankton grazing preferences during cHAB conditions and within size-

specific food categories.  

Table 1: Plankton size groupings with corresponding organism examples, adapted from Sieburth 

et al. 1978. This experiment examines mesoplankton grazing on nano- and picoplankton. 

Name Size Range Examples of organisms 

Femtoplankton < 0.2 µm Viruses 

Picoplankton 0.2 - 2.0 µm 

Autotrophic prokaryotes (e.g., 

Synechococcus sp.) Autotrophic eukaryotes 

(e.g., Bathycoccus sp.) Heterotrophic 

bacteria and archaea 

Nanoplankton 2 - 20 µm 

Auto- and heterotrophic flagellates, ciliates, 

protists, small diatoms, dinoflagellates, 

cryptophytes, and green algae 

Microplankton 20 - 200 µm 

Copepod nauplii, rotifers, ciliates, protists, 

diatoms, dinoflagellates, cryptophytes, 

green algae, cyanobacteria 

Mesoplankton 200 - 20,000 µm 
Calanoids, Cyclopoids, Cladocerans, large 

copepod nauplii and large rotifers (e.g., 

Asplanchna sp.) 

 

When considering the influence of cHABs on mesozooplankton grazing, it is vital to 

understand the grazing deterrents utilized by cyanobacteria, including mechanical defenses, poor 

nutritional quality, and toxicity. Some of the mechanical defenses include filamentous or colonial 

cyanobacteria that slow consumption due to increased difficulty in zooplankton grazing (Ger et 

al., 2014). Additionally, cyanobacteria have a relatively low nutritional value causing some 

grazing zooplankton to reproduce at a delayed rate and with increased mortality (Müller-Navarra 

et al., 2000; Tillmanns et al., 2008). For instance, cyanobacteria lack essential fatty acids that 

grazers require (Wacker and Martin-Creuzburg, 2007). Finally, some cHAB species such as 

Microcystis contain harmful toxins (e.g., microcystin) which can be harmful to certain grazer 

species (Herrera et al., 2015). Thus, cyanobacteria can cause fluctuations and disruptions in 

environmental conditions for grazers.  
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Mesozooplankton grazing in western Lake Erie may be heavily influenced by 

cyanobacteria populations, and microplankton grazing has observed to be generally higher even 

in heavy bloom seasons (Davis et al. 2012). Further exploration of mesozooplankton grazing is 

needed, especially grazing on smaller autotrophic and heterotrophic pico- and nanoplankton, 

which may be more readily available as a food source.  

Mesozooplankton grazing patterns, especially on the smaller size fractions of 

zooplankton and phytoplankton, could be vital in furthering our understanding of zooplankton-

phytoplankton interactions during cHAB events and improving food web models. To achieve 

this, mesozooplankton grazing on pico- (0.2–2 µm) and nanoplankton (2–20 µm) is required. 

While some studies look at mesoplankton grazing on phytoplankton and cyanobacterial 

communities (Davis et al., 2012), there is a lack of exploration of grazing on heterotrophic and 

autotrophic pico- and nanoplankton. Our study aims to examine grazing within these size 

fractions, in order to examine whether mesozooplankton utilize these food sources during cHAB 

events. 

 

To better understand the grazing patterns of mesozooplankton during cHABs, we 

measured mesozooplankton clearance and grazing rates on autotrophic and heterotrophic pico- 

and nanoplankton on two dates during a cyanobacteria bloom. To characterize the pico- and 

nanoplankton communities during cHAB events, we determined the biovolume of autotrophic 

and heterotrophic pico- and nanoplankton during the two sampling dates. I predict higher grazing 

rates for nanoplankton than picoplankton due to nanoplankton’s higher nutritional content and 

mesozooplankton’s lack of ability to select for smaller picoplankton. In addition, I predict that 

heterotrophs will compose most of the ambient picoplankton biovolume and autotrophs will 
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compose most of the ambient nanoplankton biovolume, and that mesozooplankton grazing rates 

will be driven primarily by the ambient biomass of autotrophic and heterotrophic pico- and 

nanoplankton, and not by other means.  

   

Methods 

Sample collection 

To measure mesozooplankton grazing on pico- and nanoplankton in western Lake Erie, we 

conducted gradient-grazer assays (Lehman and Sandgren 1985, Hambright et al. 2007). We 

conducted the assays using surface water (1 m) and zooplankton collected from the western basin 

of Lake Erie at site 36-873, which has an approximate depth of 6.8 m and is located near Maumee 

Bay (Figure 1). Due to COVID-19 restrictions, zooplankton and water samples were collected by 

Ohio Department of Natural Resources personnel during routine Lake Erie Plankton Abundance 

Study (LEPAS) sampling. Mesozooplankton were collected from the whole water column with a 

vertical 200 μm mesh net tow (diameter = 0.5 m; length = 1.5 m) with a non-filtering cod end and 

flowmeter (Hydro-Bios model 438115, Altenholz, Germany). Water and microplankton (all 

organisms <200 µm) were collected with a peristaltic pump (Geotech, Denver, CO, USA) from 1 

m below the surface. Zooplankton and lake water were stored in coolers and immediately 

transported to the laboratory at OSU for grazing measurements. 

 

Figure 1. Map of western basin Lake Erie sampling site used for zooplankton grazing assays (36-

873, gold star). This site is part of a long-term Lake Erie Plankton Abundance Study (LEPAS) 

monitoring program (red dots).  
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Grazing Experiments 

To measure mesozooplankton grazing on pico- and nanoplankton, we utilized gradient-grazer 

assays (Lehman and Sandgren 1985, Hambright et al. 2007a), during which mesozooplankton 

were incubated at increasing densities in 200 µm filtered lake water containing ambient 

phytoplankton and microzooplankton densities (Figure 2). To achieve this, we sieved surface 

water through a 200 μm mesh to remove mesozooplankton but retain phytoplankton and 

microzooplankton. Next, we split the water into four containers to create four mesozooplankton 

density treatments. These treatments consisted of: zero-controls lacking mesozooplankton (0x), 

ambient mesozooplankton densities (1x), 2x ambient density, and 4x ambient density. We sub-

sampled mesozooplankton from our net tow samples to create the four mesozooplankton density 

treatments. Samples were then enriched in each container with dissolved inorganic nitrogen 

(DIN; ammonium (NH4
+) + nitrate (NO3

-)), soluble reactive phosphorus (SRP), trace elements, 

and vitamins to saturate biological uptake (Calbert and Saiz 2018) and avoid nutrient-limiting 

conditions during the experiments. To initiate measurements, we sub-sampled water from each 

treatment into eight 2.3 L borosilicate bottles, half of which were sacrificed and sampled 

immediately as “initial” samples, while the other half were incubated on a plankton wheel 
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(Appendix Figure 2) for approximately 24 hours under natural temperature and light conditions 

(4 replicates per treatment).  

 

Figure 2: Diagram depicting the experimental setup to create zooplankton treatments, nutrient 

additions, and replicate subsampling. 

 
 

Sample analysis 

We determined phytoplankton composition (blue greens, diatoms, green algae, cryptophytes). 

Ambient mesozooplankton samples were enumerated and identified via light microscopy 

according to established LEPAS counting protocols (Conroy et al. 2005). Ambient 

phytoplankton composition, abundance, and biomass, as well as chl-a, was determined from 

samples of the pumped surface water.  

 

Pico- and Nanoplankton Enumeration 

To measure mesozooplankton grazing on pico- and nanoplankton , we filtered 20 mL of initial 

and final water samples from each of the  mesozooplankton treatments (0x, 1x, 2x, and 4x) using 

a 20 µm filter (Whatman, Maidstone, UK) into a scintillation vial and preserved with 1% 
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glutaraldehyde (DWK Life Sciences, Millville, NJ, USA). Samples were stored at 5° C without 

exposure to light prior to analysis to minimize sample degradation. 

 

Epifluorescence microscopy was used  to determine biovolume estimates of pico- and 

nanoplankton. To create slides for picoplankton analysis, 9 mL of Milli-Q water and 1 mL of 20 

µm filtered water sample were combined in a clean 20 ml scintillation vial. For nanoplankton 

slides, the same process was repeated with 10 mL of 20 µm filtered water and no Milli-Q water 

added. Both size fractions of samples were stained with DAPI at a concentration of 0.01% for 15 

minutes in a light-free environment to allow for maximum visibility for imaging (Porter and Feig 

1980). The sample was then vacuum filtered using a 0.2 µm black nucleopore filter for 

picoplankton samples and 0.8 µm black nucleopore filter for nanoplankton samples. After 

filtration, filters were prepared on slides with Type A Immersion Oil (Cargille, Cedar Grove, NJ, 

USA), a cover slip was added, and samples were kept in darkness at 0° C until imaging. Slides 

were always analyzed within seven days of preparation to maintain fluorescence and DAPI stain 

clarity. 

 

Slides were imaged with a Nikon Eclipse 90i epifluorescence microscope using two 

filters, UV (330-380 nm) which reacts with the DAPI stain for total organism quantification, and 

chlorophyll (690-740 nm) which reacts with chlorophyll to quantify autotrophic organisms. All 

images and measurements were taken under 1,000x total magnification. The standard procedure 

of imaging was as follows. First, an image was taken with the UV filter then switched to the 

chlorophyll filter before moving the field of view to a different area. This provides images of the 

total number of organisms and the number of autotrophic organisms, respectively. The number 
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of heterotrophic organisms was then calculated as the difference between total organisms and 

autotrophic organisms. Images continued to be taken in a grid-like pattern across and down the 

entire slide until 13 picoplankton or 20 nanoplankton images were taken (Appendix Figure 1).  

When imaging was complete, we determined the length, width, and cell counts needed to 

calculate biovolume, which is later used in clearance and grazing rate calculations. The software 

64-bit NIS-element AR was used to capture individual organismal counts, length, width, and cell 

counts. Picoplankton cells between the length of 0.2 - 2.0 µm and nanoplankton cells between 

the length of 2.0 - 20 µm had their length, width, and cell counts collected and exported for 

further evaluation. To minimize false positives (i.e., counting a cell when there was no cell) 

associated with residual cellular debris or software counting errors, we manually reviewed the 

images. Any obvious cellular debris or particles with highly irregular borders were excluded 

from the count and other cell data.   

 

Clearance and Grazing Rate Calculations 

We calculated organism biovolumes based off the formulas for spherical and rounded-ended 

cylindrical shapes typical to microorganisms, following Smayda (1978). This formula was altered 

to incorporate both shapes and determine with a single equation individual organism biovolume, 

IndBV (μm3): 

 

𝐼𝑛𝑑𝐵𝑉 =  𝜋 ( 
𝑊

2
)

2

𝐿 +
4

3
 𝜋 (

𝑊

2
)

3

− 𝜋 (
𝑊

2
)

2

𝑊                               (1)       

where W is the width of the organism and L is the length of the organism. The IndBV was then 

summed to get the total biovolume of an image. Image biovolume, ImgBV (μm3/image) was 

therefore calculated as: 
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𝐼𝑚𝑔𝐵𝑉 = ∑ 𝐼𝑛𝑑𝐵𝑉                                                     (2)  

 

We then used the following equation to determine the biovolume of organisms per Liter of sample 

water (Total biovolume—TBV, μm3/L): 

𝑇𝐵𝑉 =  𝐼𝑚𝑔𝐵𝑉 (
𝑇𝐹𝐴

𝐼𝐹𝐴
) (

1

𝑆𝑉𝐹
)                                            (3)  

where TFA, total filter area, is the size of the filter that the sample was spread out over. IFA, image 

filter area, is the area of the images that were taken, and SVF, sample volume filtered, is the amount 

of sample water that was drained through the filter.  

Saba et al. 2011 and Frost et al. 2004 gives an individual clearance rate calculation (CRi; (mL-1 

individual-1  day-1) using: 

          CRi =  ln
(

𝑇𝐵𝑉𝑓

𝑇𝐵𝑉𝑖
)

∆𝑡
∗

1

𝑀𝐷
∗ 1000                     (4) 

where TBVi is the initial nano- or picoplankton biovolume, and TBVf is the final nano- or 

picoplankton biovolume. The change in time, ∆𝑡, is the time between initial and final sampling, 

which was approximately 24 hours. Mesozooplankton density, MD, is the density of 

mesozooplankton in the treatments during the experiments (individuals L-1). Thus, CRi is the 

product of the incubation duration and the negative of the slope of the relationship between the 

change in nano- or picoplankton biovolume during the incubation and zooplankton density in the 

experimental containor.  

The community mesozooplankton grazing rate (µm3 mL-1 day-1) was calculated as the 

product of individual clearance rate (CRi), ambient mesozooplankton density in the lake 

(individuals L-1), and ambient pico- or nanoplankton biovolume in the lake (µm3 L-1). 
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This experimental design generated four final and initial bottles for each treatment which 

did not have a clear pairing for estimation of change in nano- and picoplankton biovolume (e.g., 

R1final v. R1initial or R1final v. R3initial are equally reasonable pairs of replicates to estimate (
𝑇𝐵𝑉𝑓

𝑇𝐵𝑉𝑖
)). 

To address this limitation, we used a bootstrapping approach to evaluate all potential pairings. We 

took nano- and picoplankton biovolumes from the four final replicates and paired them with four 

randomly selected initial replicates, with replacement, calculated the individual clearance rates 

using least squared regression (Equation 4), and then repeated the process 100 times. The final 

individual clearance rates were expressed as the median and 10th and 90th percentiles of the 

distribution of bootstrapped estimates of the least squared regression slopes. We evaluated whether 

grazing was measurable (i.e., above our detection limit) by determining whether the lower 10th 

percentile for these terms exceeded zero (i.e., ⍺ = 0.10 for a one-tailed test). If clearance rates 

indicated the presence of grazing, we then obtained the median, 10th percentile, and 90th percentile 

of community grazing rates. All analyses were conducted in R statistical environment using the 

packages “tidyverse” and “broom” and figures were made with the “ggplot2” package (Wickham 

et al. 2019, Robinson et al. 2022). 

 

 

 

 

 

Results: 

 

Pico- and Nanoplankton Biovolume: 

Between August and September, total combined picoplankton biovolume (i.e., autotrophs and 

heterotrophs) increased by 23%, while total nanoplankton decreased by 43% (Figure 3). From 

August to September the pico- and nanoplankton communities became increasingly 

heterotrophic. Heterotrophic picoplankton biovolume increased from 53% to 71% of the total 
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picoplankton population, while heterotrophic nanoplankton increased from 4% to 16% of the 

total nanoplankton population between these dates. 

 

 

 

Figure 3:  Pico- and nanoplankton biovolume values from surface samples collected at site 36-

873 during August and September collections for the grazing experiments.  
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Table 2: Nano- and picoplankton biovolume (± 1 standard deviation) from surface samples 

collected at site 36-873 during the August and September collections for the experiments.  

 
Month Plankton 

Size 
Standard Deviations of Biovolumes 

(μ𝑔^3 /m L) 

Total Autotroph Heterotroph 

August Pico 594.7924 175.2425 519.7869 

August Nano 2024.533 2674.065 1068.783 

September Pico 567.8503 235.8843 501.949 

September Nano 853.8729 817.4914 535.8074 

 

 

 

Mesozooplankton Density and Composition: 

From August to September, ambient mesozooplankton density increased three-fold from 27.7 

individuals/L to 83.9 individuals/L (Figure 4). The mesozooplankton community composition 

was composed of calanoids (Leptodiaptomus siciloides), cyclopoids (Mesocyclops edax), 

Daphnia (Daphnia retrocurva), and non-Daphnid cladocerans (Diaphanosoma, Bosminids), and 

densities for all taxa increased between experimental dates. During both months, the 

mesozooplankton community was dominated by cyclopoid and calanoid copepods (Mesocyclops 

edax, Letodiaptomus siciloides). Between August and September, the relative proportion of 

cyclopoids decreased from 34% to 15% while the relative proportion of non-daphnid cladocerans 

increased from 17% to 32%, which represented a greater than six-fold increase in non-daphnid 

cladoceran density (Figure 4). The relative abundance of calanoids and Daphnia remained 

relatively unchanged (Table 3), but the absolute abundance of these taxa increased by 318% and 

340%, respectively (an approximately three-fold increase of mesozooplankton density). 

Therefore, conditions allowed for an increase in all taxa abundance but especially favorable 

conditions for non-daphnid cladocerans. 
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Table 3. Mesozooplankton major group 

relative abundance at site 36-873 during 

August and September.  

 

Figure 4.  Mesozooplankton total and major 

group density at site 36-873 during August 

and September. 

 

 

 

 

 

 

 

 

 

 

 

Phytoplankton Biomass and Composition: 

Between August and September phytoplankton biomass decreased by 30.7% (Figure 5). The 

main taxa we observed in the phytoplankton community were cyanobacteria, cryptophytes, 

diatoms, and green algae. Phytoplankton biomass was dominated by cyanobacteria and 

cryptophytes in August, while in September the phytoplankton community was dominated by 

cyanobacteria and diatoms (Figure 5). The relative biomass of phytoplankton groups changed 

between August and September: diatom relative biomass increased from 5 to 43%, green algae 

relative biomass increased from 1% to 5% , cyanobacteria relative biomass decreased from 53% 

to 27%, and cryptophytes decreased from 34% to 19% (Table 4). Within the observed time, the 

largest proportional increases were diatoms and green algae, suggesting a shift to more favorable 

conditions for those specific taxa. 

Mesozooplankton Taxa 

(%) 

August September 

Daphnia  6 7 

Non-Daphnid 

Cladocerans  

17 32 

Calanoids  43 46 

Cyclopoids 34 15 
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Table 4. Relative biomass phytoplankton 

major groups at site 36-873 during August 

and September. Values are derived from 

fluoroprobe measurements. 

Figure 5. Phytoplankton total and major 

group biomass at site 36-873 during August 

and September.

 
 

Clearance rates: 

We observed significant positive clearance rates for autotrophic and heterotrophic nanoplankton 

on both sampling dates; however, all clearance rates for picoplankton were not significantly 

different from zero. Between August to September, total (autotrophs + heterotrophs) 

nanoplankton median clearance rate remained relatively constant averaging 4.90 mL-1 ind.-1 day-1 

(Figure 6). Overall, total and heterotrophic clearance rates remained approximately unchanged 

with overlapping confidence intervals, suggesting individual grazer water filtering volume 

remained approximately constant across both food types and dates (Figure 6). However, we also 

observed a significantly lower clearance rate for autotrophic nanoplankton between dates—

autotrophic nanoplankton clearance rates decreased from 6.24 mL-1 ind.-1  day-1 in August to 2.34 

mL-1 ind.-1  day-1 in September—a significant decrease of 62.5% .  

 

  

Phytoplankton 

Taxa (%) 

August September 

Blue Greens 

(cyanobacteria) 

53% 27% 

Cryptophytes 34% 19% 

Diatoms 5% 43% 

Green Algae 1% 5% 

Other 7% 6% 
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Figure 6.— Mesozooplankton median clearance rates (±80% confidence intervals) for auto- and 

heterotrophic pico- and nanoplankton during August and September. If the 10th percentile of the 

80% confidence interval was greater than zero, significant grazing was measured (𝛼 = 0.1). 

 

 
Grazing Rates: 

We observed grazing on nanoplankton on both sampling dates, with higher grazing rates for 

autotrophs than heterotrophs (Figure 7). Nanoplankton was therefore the main food source for 

mesozooplankton, while picoplankton was largely ignored. Grazing on autotrophic nanoplankton 

decreased by 43% from August to September, while grazing on heterotrophic nanoplankton 

increased 755% (Figure 7). These autotrophic and heterotrophic grazing trends resemble the 

trends in ambient biovolume of autotrophic and heterotrophic nanoplankton during the 

experiments (Figure 3). Grazing on total nanoplankton (autotrophs + heterotrophs) increased 

between dates in respect to the median but had overlapping confidence intervals, so no 

significant change was observed. 
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Figure 7: Mesozooplankton median grazing rates (± 80% confidence intervals) on autotrophic, 

heterotrophic, and total nanoplankton during August and September. Mesozooplankton grazing 

rates on picoplankton are not shown as we did not observe significant grazing on picoplankton. 

 

 

Using the ambient biovolume for each sampling date and our measured grazing rates, we 

were able to determine the percent of nanoplankton biovolume that was grazed (Table 5). We 

found that autotrophic nanoplankton was grazed proportionally the most during August at 

17.28% of the standing stock, and heterotrophic was grazed proportionally the most in 

September at 40.36% of the standing stock. This coincides with differences in the relative 

abundance of  heterotrophic nanoplankton at this site between sampling dates (Figure 3). We 

also observed an increase in total percent of nanoplankton grazed between August and 

September which correlates with increases in total mesoplankton density increases (Figure 4). 

Both mesozooplankton density and percent of ambient biovolume grazed increased 

approximately three times between August and September.   



18 
  

 

Table 5: Percent of the ambient autotrophic, heterotrophic, and total nanoplankton biovolume 

grazed by mesozooplankton during August and September.  

 

Month Plankton 
Size 

Percent(%) of Ambient Biovolume 
Grazed within 24 Hours  

Total Autotroph Heterotroph 

August Nano 13.82 17.28 10.78 

September Nano 36.24 19.63 40.36 

 

 

Discussion: 

We observed mesozooplankton grazing on nanoplankton (both autotrophic and heterotrophic 

populations) during cHAB events. We found that mesozooplankton grazed 14-36% of the total 

standing stock of nanoplankton, with higher proportional grazing occurring in September when 

mesozooplankton density was highest. Grazing rates and patterns largely reflected the 

composition of the ambient nanoplankton community; therefore, autotrophic versus 

heterotrophic preferences were not observed. Instead, ambient biovolume seemed to be a larger 

contributing factor and better predictor of grazing patterns. We did not observe grazing on 

picoplankton during this study, indicating this group may not be as readily utilized by 

mesozooplankton. Mesoplankton feeding on different size categories with regards to autotrophic 

and heterotrophic fractions has been examined in previous studies (Hambright et al. 2007, Tõnno 

et al. 2016), but these studies have not focused on Lake Erie specifically. Other studies that focus 

on Lake Erie, like Davis et al. 2012, do not focus on size fractions of grazers and instead analyze 

grazer species. To develop a more comprehensive Lake Erie food web model, knowledge gaps 

on mesozooplankton’s link to higher trophic levels and lower trophic levels in Lake Erie must be 

explored. Our experiments characterized grazing patterns of a natural mesoplankton community 

on pico- and nanoplankton during the cHAB season, thus furthering our understanding of 
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zooplankton-phytoplankton interactions and food web dynamics during cHAB events in Lake 

Erie.  

 

Grazing Rates: 

For grazing rates only those for nanoplankton were considered due to negative or zero clearance 

rates on picoplankton. We observed significant grazing on both autotrophic and heterotrophic  

nanoplankton populations, which was similar to clearance rate results. In addition, the largest 

grazing rate was consistently on autotrophic populations. This indicates that during our 

experiments nanoplankton was  the primary prey for mesoplankton during cHAB periods, and 

possibly beyond cHAB periods . Other studies like that of Davis et al. 2012 found grazing to be 

present on some picoplankton communities. However, there were higher grazing rates in 

microzooplankton for the picoplankton community. Improving the methods to completely isolate 

microzooplankton from the tested community would allow us to further understand zooplankton 

feeding dynamics. Subsequent experiments should look to see if grazing on autotrophic 

populations is proportional to the biomass proportion, and how that rate may change with prey 

density. Davis et al. 2012 also found higher amounts of grazing on phytoplankton, including 

cyanobacteria, by microzooplankton than mesozooplankton.  We did not have any conclusive 

results relating to cyanobacteria. Though we did observe a slight decrease between August and 

September on autotrophic nanoplankton, but there were not strong enough grazing differences to 

distinguish a trend.  

 

Community zooplankton grazing rates show how much is food is being consumed in the 

environment. Due to a lack of knowledge of the microzooplankton in the environment due to 
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experiment limitations, we only accounted for mesozooplankton populations in both grazing 

rates and ambient density, even though an ambient amount of microzooplankton is present. 

However, microzooplankton grazing is “controlled” for with all samples having hypothetically 

similar amount of microzooplankton biomass and thus grazing activity. Nonetheless, this means 

that we cannot examine microzooplankton grazing rates or patterns with this experimental setup. 

Studies have found microzooplankton to be the largest controller of picoplankton populations 

(Hambright et al. 2007). Additionally, mesozooplankton can graze on microzooplankton. This is 

a limiting factor, but our experiments still increase our overall knowledge of zooplankton grazing 

on pico- and nanoplankton, which is largely unexplored.  

 

Clearance Rates: 

We found that mesozooplankton clearance rates  were positive for nanoplankton including both 

the autotrophic and heterotrophic portion during August and September. This corresponded with 

fluoroprobe and chl-a data we collected that showed signs of positive phytoplankton grazing 

during the experiments (Collis, unpublished data). Nanoplankton was therefore a substantial food 

source to be grazed upon by mesoplankton during experimentation. We also found that grazing 

on autotrophic nanoplankton decreased from August to September. While this finding could 

indicate a shift in grazing preferences, it corresponds with a drop in the proportion and amount of 

autotrophic nanoplankton biovolume, as seen in Figure 3. We see similar trends in the grazing 

data.  

 

The significant absence or negative clearance by mesozooplankton on picoplankton 

populations implies a potentially complex food web. The negative clearance rates could be due 
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to microzooplankton grazers being removed as mesozooplankton density increases, or increased 

cell breakage due to mesozooplankton feeding. It is possible that mesozooplankton fed on 

microzooplankton without heavily grazing on picoplankton, as this has been seen in other 

systems (Burns and Schallenberg, 2001). This could indicate that one of picoplankton’s 

predators, microzooplankton, were in lower abundance as microzooplankton predators, 

mesozooplankton, increased. Other possibilities may be false positives of biovolume counts from 

mesozooplankton breakage of larger food particles from feeding on prey like nanoplankton. 

Typical explanations like nutrient recycling by zooplankton is unlikely due to nutrient spiking 

being done initially in the experimental process. The non-grazing on picoplankton by 

mesozooplankton varies from some previous studies where mesozooplankton (specifically 

cladocerans) grazed on picoplankton (Davis et al. 2012). However, this may mean that in a high 

nanoplankton environment, there is not selection for picoplankton prey, even though grazing is 

possible. Instead, other studies suggest that other microplankton (like ciliates) and not 

mesozooplankton are primary grazers of picoplankton (Sherr et al. 1991, Hambright et al. 2007). 

We found during our experiments that picoplankton were not preferential prey for 

mesozooplankton, but could not determine if that is due to picoplankton taxa composition, 

mesozooplankton size preference, or mesozooplankton community composition. 

 

Pico- and Nanoplankton Biovolume : 

Between August and September, we observed a similar total biovolume (combined nano- and 

picoplankton), but a change in subcategory biovolume of nanoplankton and picoplankton. For 

instance, there was a decrease in ambient nanoplankton biovolume and an increase in ambient 

picoplankton biovolume (Figure 3). We saw a change in size composition (proportion of nano- 
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and picoplankton) between August and September while biovolume remained relatively 

constant.  Furthermore, pico- and nanoplankton communities became increasingly heterotrophic 

between the tested dates, which could potentially suggest decreased grazing on heterotrophic 

populations as the cHAB season continues. Since we know potentially toxic cyanobacteria is 

contained in the autotrophic population (including picoplankton which is major autotrophic 

contributor), mesozooplankton grazing may be negatively affected by high concentrations of 

toxic prey. 

 

Taxa Composition: 

The taxonomic composition of grazers and their available food sources are vital for 

understanding the factors influencing grazing. Phytoplankton biomass decreased from August to 

September (Figure 5) which was also reflected in total autotrophic biovolume (nano- and 

picoplankton) change during the same time (Figure 3). Diatoms and green algae had large 

increases in their proportions, but cyanobacteria and crytophytes deceased from August to 

September. However, neither of these changes had a large effect on mesozooplankton grazing. 

When observing a decrease in autotrophic grazing by mesozooplankton during this time this may 

be attributed to the overall decrease in phytoplankton biomass and less to do with any specific 

taxa change. Decreased cyanobacteria indicate a change in cHAB conditions as the season 

continued. Cyanobacteria are also often avoided by some mesozooplankton taxa (Hansson et al. 

2007). Grazing patterns on specific food taxa or species may be very present, but when analyzing 

from a community perspective, these patterns may not be observed. Even with these changes in 

proportion and total biomass changes, specific taxa composition of nano- and picoplankton 

within test samples were not obtained. Further research is required to see how phytoplankton 
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composition influences zooplankton grazing, as well as zooplankton grazing preferences of 

specific taxonomic groups of pico- and nanoplankton.  

 

Conclusion: 

Mesozooplankton are integral in the control of phytoplankton and other smaller zooplankton 

especially during cHABs. There has also been a lack of research on preference for size-specific 

food when it comes to zooplankton grazing. We observed in this study there is a change in the 

biovolume of nano- and picoplankton during cHAB months where autotrophic and heterotrophic 

proportions also change. This change is reflective of the changing taxonomic composition of 

both grazer and food. In addition, during cHABs in the western basin of Lake Erie, we were able 

to observe mesozooplankton grazing on autotrophic and heterotrophic nanoplankton, indicating 

this plankton size fraction is a readily available food source even with the presence of cHABs 

that are toxic to some grazers. We also found picoplankton were largely ignored as food by 

mesozooplankton. Control of picoplankton is potentially not directly heavily affected by 

mesozooplankton and instead may be more reliant other zooplankton size populations like 

possibly microzooplankton communities. These grazing patterns are subject to change due to 

many possible factors such as cHAB presence, mesozooplankton taxa composition change, 

phytoplankton composition change, and autotrophic and heterotrophic biomass of prey. My 

study indicates that mesozooplankton graze a substantial portion of the nanoplankton standing 

stock, while not consuming picoplankton. Within the nanoplankton fraction mesozooplankton 

did not select for autotrophs or heterotrophs. These results suggest that during cyanobacterial 

blooms nanoplankton might support mesozooplankton production and energy flow to higher 

trophic levels. 
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Appendix: 

We determined a reasonable sample size of images for pico- and nanoplankton using preliminary 

images so that averages and all further calculations would be an adequate representation of pico- 

and nanoplankton abundance and biovolume. We determined a reasonable number for accurate 

sample size of images taken was 20 for nanoplankton and 13 for picoplankton. A separate 

preliminary test was run to determine the necessary number of images that would give an 

accurate representation of organism count. This was required for both sizes (nano- and 

picoplankton) and across autotrophs and total counts. To test this, 40 images were taken for total 

and autotrophic nano- and picoplankton. Counts of each of these images were taken and 

analyzed through a bootstrap program. Appendix Figure 1 below shows data collected run 

through multiple random pairings. Reasonable accuracy for counts (i.e., coefficient of variation 

for counts < 5%) was determined to be 13 images for picoplankton and 20 images for 

nanoplankton.  

 

Appendix Figure 1: Visualization of bootstrapping data to determine proper number of images 

for  accurate biovolume approximation. Means of random samples and ratios to the average are 

selected and graphed as the y axis with image counted being on the x axis. Average count 

number for each mage was randomly selected without replacement and calculated into a new 

mean which was repeated for all 40 images.  
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Appendix Figure 2: Picture of the plankton wheel used for the 24-hour incubation period for the 

gradient-grazer assay experiment. Wheel rotation, light exposure, and temperature were kept 

constant for each experiments.  


