SUPPLIMENTARY INFORMATION
ECOSYSTEM SERVICES PROVIDED BY FISH
These sections provide more discussion for Table 1.
S1.1 Provisioning (MA Category) / Consumptive/Informational (GEAE Category) Services
Fish provide food for humans both directly, with 156.4 million tonnes (including finfish, shellfish, and other aquatic invertebrates) consumed in 2018 worldwide (Food and Agricultural Organization of the United Nations 2020), and indirectly by providing livestock feed and crop fertilizer from fish meal and waste (Miles and Chapman 2006; Fréon et al. 2014; Chauvin 2018; Yep and Zheng 2019). An additional way fish provide food indirectly is by acting as hosts for freshwater mussels (Modesto et al. 2018), which can be a traditional food item of Indigenous peoples (Kuhnlein and Humphries 2017). The quantity of fish available as food has been impacted by overfishing (Food and Agricultural Organization of the United Nations 2020) and quality of fish as food has been impacted by contamination (e.g., mercury Government of Canada 2016) for some species in some areas.
Fish provide value for humans in other manners including the provisioning of medicinal products (Zasloff et al. 2011), as a source of materials for medical and pharmaceutical research (e.g., tetraotoxin; Colwell, 2002), for improving agricultural production through genetic selection (Noah 2013), for studying phylogenetics to interpret species relationships and evolutionary patterns (Yang and Rannala 2012), as a model vertebrate in medical and other research (Burke 2016), and as toxicity testing organisms for regulatory purposes (Norberg-King et al. 2018). There are molecules and genes within fish that we do not know of or understand, so preserving biodiversity will ensure continued existence of these unidentified molecules for future study and discovery (e.g., Baumgärtner 2007).
S1.2 Regulating (MA) / Functional/Structural (GEAE) Services
Fish function as a biocontrol of pests, including control of mosquitoes (Cano-Rocabayera et al. 2020), snails (Ben-Ami and Heller 2001; Ledford and Kelly 2006), and filamentous algae, floating weeds, and rice pests (Noorhosseini and Lakani 2013), thus contributing to disease prevention and protection of habitat. Fish can also be important in control of primary production which can otherwise lead to algal blooms (Bernes et al. 2015).
S1.3 Cultural (MA) / Recreational, Educational, Existence, Option, or Informational (GEAE) Services
Broadly, fish provide value in terms of socio-economics, i.e., providing income while supporting cultural practises (Food and Agricultural Organization of the United Nations 2012). Recreational fishing similarly provides economic support (Carlén et al. 2021) and social value (Beardmore et al. 2015), as does dive tourism (Bessa et al. 2017; Tribot et al. 2018). Similarly, the food base that fish provide for many birds and mammals service popular wildlife and ecotourism industries (Holmlund and Hammer 1999). There are also widespread goals to increase the general public’s environmental literacy and improve conservation outcomes (Clark et al. 2020), including use of fish as the centrepiece of educational efforts such as aquariums and fluvariums.
Cultural components can be grouped conceptually with GEAE informational values such as existence, option, and informational services. Existence benefits are associated with cultural satisfaction that species are present (Daily 1997). Option benefits are associated with the preservation of potential uses for future generations, such as delaying resource decisions on a precautionary basis (Suter and Barron 2016). Informational services are associated with embedded information on ecosystem health such as stress (Schiemer 2000; Kilgour et al. 2005) and resilience (Holmlund and Hammer 1999; Kelly et al. 2018).
S1.4 Indirect Supporting (MA) / Functional/Structural (GEAE) Services
Fish provide a wide variety of supporting services that benefit humans. The ones that are most relevant for the purposes of this paper are their roles as a keystone species that provides a food base for other species of interest (Holmlund and Hammer 1999), their role in nutrient redistribution between habitats and ecosystems (Vanni 2002), and their influence on structure and productivity of food webs (Schindler et al. 1997; Schindler 2006).
ECOSYSTEM ATTRIBUTES REQUIRED FOR FISH TO PERFORM THEIR ECOCSYTEM SERVICES
These sections provide more discussion for Table 2.
S1.5 Provisioning and Regulating Services
The quality, quantity, and distribution of food resources is key for fish survival. Food quality and availability may be useful as a direct indicator of ES the fish require, and the direct measure of growth, survival, reproduction, and body condition of the fish as an indicator of this ES performance (Munkittrick and Dixon 1989; Gibbons and Munkittrick 1994; Chase et al. 2016). Fish will also be affected by competition for food and can show responses in terms of population size (Andersen et al. 2017) and community structure (Sandlund et al. 2013). It is, however, not always a simple link between food resources and health of fish populations. For example, fish health can be impacted by contaminants (e.g., van der Oost et al. 2003) as well as disease and parasites (Bricknell et al. 2006; Barber and Scharsack 2009). Regardless of how direct the linkage is between food resources and fish performance; food resources are an essential attribute to protect. Fish food (i.e., plankton, benthic invertebrates, other fish) and fish populations can be measured as indicators of whether the provisioning service of food is adequate. Impacts to these endpoints can be affected by a variety of other ecosystem attributes and defining the cause of changes can be difficult but linking indicators of quality across the phases of environmental assessment is what we are advocating for.
Dissolved oxygen, temperature, and flow are both provisioning and regulating services, as fish need them for survival, but failure to regulate these conditions within the limits required by the fish will affect the ability of fish to survive. Provisioning services are components provided by the environment, whereas regulating services are the benefits provided by ecosystem processes.
Dissolved oxygen content varies within or between water bodies, due to water temperature (higher temperature, lower oxygen solubility), biological and chemical oxygen demand (respiration, decomposition, oxidation), primary productivity (produce oxygen during day), water surface-atmosphere interface (ice cover, total surface area to volume), and groundwater inputs (potentially low oxygen; Canadian Council of Ministers of the Environment, 1999). Although there are some fish species adapted for low oxygen levels or that have some capacity to take oxygen from air, most species have limited activity, function, and survival in increasingly low oxygen situations (Currie and Evans 2021). Understanding seasonal profiles and critical oxygen requirements is important for development of appropriate metrics to evaluate the dissolved oxygen attribute.
Most fish species are ectotherms (Golovanov 2006) and their body temperature is 0.1 to 1oC warmer than surrounding water temperatures (Beitinger et al. 2000). Water temperature changes diurnally and seasonally and can vary vertically and horizontally within a waterbody, thus influencing fish body temperature. Each species and each of their life history stages will have an optimal temperature range, and each population can adapt to somewhat from that range depending on the environmental conditions (e.g., Eliason et al., 2011). In most cases where fish live within their optimal temperature range, a warmer environment will tend to increase somatic growth (Dhillon and Fox 2004) relative to colder environments. This difference can be reflected in growth rate and thus impact age at and rate of maturity (Neuheimer and Grønkjær 2012). Understanding the seasonal profiles of mean temperature, its variance at different temporal scales (e.g., daily, seasonally), and the preferred range and critical temperatures of fish species is necessary to understand thermal habitat attributes.
Other aspects of the physical environment also provide and regulate the state of health of a fish. Variability in depth and flow over time as water moves through the wetland, lentic and lotic, and estuarine components of a river network influences habitat quantity, quality, and connectivity. For example, variability in river flow can be a strong determinant of aquatic community structure and function affecting species abundance, total biomass, and diversity via direct (e.g., habitat availability and connectivity, thermal regimes, or sediment movement) and indirect pathways (e.g., water quality, food supply, habitat suitability; Jaeger et al., 2014; Jellyman et al., 2013; Poff et al., 1997; Ríos-Pulgarín et al., 2016; Wegscheider et al., 2020). While fish are adapted to the dynamic nature of most flowing water environments, an alteration of flow, e.g., dams or water withdrawal, can be presumed to alter the fish health (Torralva et al. 1997; Benejam et al. 2016) and community structure (Bunn and Arthington 2002; Beachum et al. 2016; Macnaughton et al. 2016; Patrick and Yuan 2017). An understanding of flow regime is crucial for understanding the flow attribute that fish require from their environment. 
Physical environments are also important in lake environments. Lentic or standing water environments can have dynamic shorelines and develop currents based on discharges (runoff, streams, and groundwater), wind, density (influenced by temperature, ice, salinity, and particle and gas concentrations), and bathymetry (McGinnis and Wuest 2005). A variety of habitats can develop from these variations which fish use for rearing, feeding, and escaping competition and predation (Stoll et al. 2008; Bertolo et al. 2011; Callaghan et al. 2016). Understanding the seasonal and daily profiles of flow and water levels as well as the requirements of fish species is necessary to the development of appropriate metrics to assess flow attributes.
S1.6 Regulating Services
Water quality and sediment need to be regulated within limits for fish survival. Water quality can vary greatly between and within waterbodies. Each fish species (and population) is adapted to a specific range of concentrations for specific ions such as sodium, calcium, and chloride to maintain osmoregularity (Evans et al. 2005; Hwang et al. 2011) and have varying tolerance to other chemicals, parasites, and pathogens in the water column. Inadequate water quality can be associated with a variety of sublethal effects or death. Toxicity is generally evident with increased liver weight and decreased condition and gonad weight or metabolic disruption (Munkittrick et al. 1991; Hewitt and Servos 2001), but contaminants can also interfere with lateral line or olfactory function, reducing fitness and survival (Tierney et al. 2010; Mogdans 2019). Indirectly, water quality can influence food availability (Robinson et al. 2016) and dissolved oxygen concentrations (Sánchez et al. 2007) which may lead to a shift in the fish community composition (Brown et al. 2011) or fish health (Munkittrick and Dixon 1989; Gibbons and Munkittrick 1994). The fluctuations of key water quality parameters, as well as performance thresholds for fish species will be key attributes to consider during monitoring and assessment. 
Sediment (both suspended and bed) effects on fish can vary between and within waterbodies (e.g., Berry et al. 2003). Sediment can impact fish either directly by impacting gill function (Lowe et al. 2015), burial of embryos (Sternecker and Geist 2010), or decreasing visual acuity (Kjelland et al. 2015) or indirectly by altering food availability or introducing contaminants (Bilotta and Brazier 2008). Understanding the fluctuations of sediment load, its composition and quality, as well as the habitat requirements of and chemical threshold for fish species are important metrics to assess fish and this attribute.
S1.7 Supporting Services
Supporting services are necessary for fish survival and for the production of other ES, and include oxygen production, nutrient cycling, and water cycling. Direct measures of these ES are not often a primary component of a monitoring program as these processes are reflected in productivity and performance of the system. Monitoring of these aspects would be triggered when there is a dysfunction in the system and more information about the cause of the dysfunction is needed. In terms of fish, critical habitats and connectivity between those habitats are the primary supporting attributes fish require to be successful. 
Fish habitat requirements can vary seasonally, with the reproductive cycle, life stage, and between species. Spawning, rearing, feeding, and overwintering habitats can be very different. Connectivity between these habitats is essential for fish. Habitats must be maintained during critical life stages, such as egg incubation, or change subtly to accommodate rapidly changing body size and energy needs, such as required for fry and juveniles (Schiemer 2000). Many species require different habitats between spawning, nursery, juvenile, and adult life stages, and the movement of fish between habitats may be affected by movement barriers such as dams. The most obvious fish affected by barriers are diadromous fish, which migrate between fresh and saltwater. Extreme habitat conditions also occur periodically, such as low flows, low oxygen, and high temperatures in summer. Understanding key habitat features for species present, including refugia habitat is crucial for survival (Schiemer 2000; Magoulick and Kobza 2003).
Populations of fish (groups of interbreeding individuals), do not exist in isolation, but rather with degrees of connection through migration to other populations in different reaches, tributaries, rivers and watersheds (Allendorf et al. 2012). The spatial scale of a single population can vary widely, with the American Eel (Anguilla rostrata) having only a single population in the entire species, which spans rivers from Cuba to Iceland (Côté et al. 2013), while Brook Trout (Salvelinus fontinalis) populations can be restricted to a single reach of a river. The effective population size may also be important to understand, as it can be influenced by stochastic factors (e.g., a “bad year” that few individuals survived, year of unequal sex ratio) and life history (e.g., mating system where few dominant males fertilize most females; Frankham, 1995). Effective population size is inversely proportional to random changes and loss of genetic diversity each generation, known as genetic drift (Frankham et al. 2002). It is important to understand how populations are distributed within and among waterbodies, because this determines the spatial scale for genetic diversity assessment and management programs. Barriers to fish passage include dams, culverts, and waterfalls, but can also vary temporally due to stream flow variation (Bourne et al. 2011). Given enough time, dams and other barriers to fish connectivity can have negative consequences for effective population size (Gouskov et al. 2016). Understanding critical habitats and connectivity between those habitats is important for development of appropriate metrics to evaluate these supporting ES.
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