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Recognition and treatment Popeye or

Bubble Eye disease in fish
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1. A Guide to Recirculation Aquaculture
An introduction to the new
environmentally friendly and highly

productive closed fish farming systems
2015 edition.Author: Jacob Bregnballe .

2. M.B. Timmons & J.M. Ebeling,
NRAC . Aquaculture.Recirculation
Publication No. 01-007, Cayuga Aqua
Ventures, USA, 2002.

3. Fredrick W. Wheaton, . Aquacultural
Krieger Publishing .Engineering
Malabar, Florida, 32950 ,Company
USA, 1993.

Ivar, Wiley Blackwell, & 4. Lekang, Odd

Aquaculture Engineering, Second
Edition, 2007.
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Niche dimensionality and herbivory control
stream algal biomass via shifts in guild
composition, richness, and evenness
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Biodiversity, encompassing species richness and evenness, is a fundamental property of
biological communities, determining their functions and ability to provide services to
humans, such as food production, regulation of water quantity and quality, and pest and
human disease control (Diaz et al. 2006, Cardinale et al. 2012, Naeem et al. 2012).
According to the biodiversity—ecosystem-function paradigm, species-rich communities
maintain greater functionality, including higher biomass production (Naeem et al. 1994,
Hooper et al. 2005, Cardinale 2011, Tilman et al. 2014, Duffy et al. 2017). The influence
of evenness on biomass is less straightforward as both high evenness and high
dominance have been linked to greater production, depending on whether complementarity
(facilitation or niche partitioning) or selection (the dominant species is highly productive),
respectively, is the major pathway of biomass production (Hillebrand et al. 2008, Lehtinen
et al. 2017). In turn, species richness and evenness are governed by resource availability
and herbivory (Hillebrand 2003, Hillebrand et al. 2007). However, it is less clear to what
extent nutrient niche dimensionality (as opposed to nutrient enrichment) alone and in
conjunction with grazing controls species richness and evenness, and consequently
ecosystem function, and whether this control is direct or indirect via shifts in traits. To
address these uncertainties, we propose a trait-based framework, linking bottom-up
(number of added nutrients) and topdown factors (herbivory) with changes in traits (guild
composition) and subsequent effects on species richness, evenness, and biomass
(measured here as density and biovolume per area; Fig. 1).
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We test this framework with field and lab experiments with benthic stream algae and
describe its background in more detail below.

Producer richness is a function of habitat niche dimensionality, determined in part by
community spatial structure and the number of limiting or non-limiting resources. In
communities with simple spatial structure, where each individual accesses resources
independently of others, species richness increases with the number of limiting resources,
according to resource competition theory (Tilman 1982; Fig. 1). The reason is that, under
multiple resource limitation, there are more possibilities for trade-off, i.e., if each species
IS a superior competitor for a different limiting resource, competitive exclusion is
prevented. Thus, in lake phytoplankton and grasslands, increasing the concentrations of
multiple nutrients (making them non-limiting) leads to biodiversity loss (Interlandi and
Kilham 2001, Grover and Chrzanowski 2004, Harpole and Tilman 2007). Conversely, in
communities, such as photosynthetic biofilms, with complex three-dimensional structure

due to overgrowth, niche dimensionality is defined by the number of non-limiting
resources (Passy 2008).

According to this “benthic model” of coexistence, species trade off tolerance to nutrient

™ limitation for beneficial spatial position in the overstory, where access to nutrients
§ and light is unrestricted. When resources are in short supply, mostly tolerant
§ understory species can grow and the overall species richness is low. At higher

NG

numbers of added nutrients, richness increases because multiple overstory species,

<. sensitive of nutrient limitation, overgrow the understory species, which nevertheless
;‘?fg; continue to persist due to tolerance of nutrient limitation. Thus, the biofilm
a

development from a single story to a multistory matrix with the addition of nutrients
is associated with an increase in both species richness and biomass. While there is
ample experimental research on the effect of niche dimensionality on biodiversity
and biomass in grasslands (Harpole and Tilman 2007, Harpole et al. 2016, Borer et
al. 2017), to our knowledge, there is no manipulative research in freshwater
biofilms, despite their marked deviation from the grassland patterns, demonstrated
at a continental scale (Passy 2008).
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This limits our capability to predict how future changes in nutrient supply with the
ongoing oligotrophication (Jeppesen et al. 2005, Minaudo et al. 2015) and
eutrophication (Stoddard et al. 2016) of lakes and rivers will impact biodiversity and
functionality of algae, which are an important carbon source for higher trophic levels
(Finlay 2001, Brett et al. 2017).
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